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Abstract

Strategic allocation decisions, in particular trade-offs between reproductive and somatic 

investment, are central to life history theory. The allocation of resources to body mass 

maintenance is beneficial for avoiding starvation, but is costly because resources are 

diverted away from the current reproductive effort, and mass-dependent costs are 

increased. Stochastic dynamic models have been developed to investigate optimal 

routines of mass regulation and behaviour in male birds displaying to attract a mate. 

What is central to these models, and to any empirical investigation of the trade-off, is 

the dynamic interaction of body mass regulation and display behaviour routines. 

Previous experimental work has focussed on each of these factors in isolation, but never 

in unison. This work addressed this shortfall by examining the dynamic interaction of 

investment in reproduction versus somatic investment in male zebra finches 

(Taeniopygia guttata), a theme discussed more fully in chapter 1.

Chapter 2 provides details of software and hardware that I created in order to enable 

body mass and display hopping activity of males to be automatically recorded. Further, 

it describes software and hardware that controlled the lighting and temperature of the 

experimental environment and finally it discusses software I created to perform post- 

hoc processing of the data which were generated. The lighting controller sought to 

mimic the variations in light intensity associated with twilight. In chapter 3 ,1 describe 

an experiment which tested the effect of naturalistic light intensity control versus ‘all- 

or-nothing’ lighting on the mass regulation and display behaviour of male zebra finches.

In the experiment described in chapter 4, I presented male zebra finches with four 

stimulus treatments which inherently varied in their potential to be courted, and I 

recorded diel patterns of body mass regulation and hopping activity. The stimulus cage 

contained either: no stimulus bird, a female bengalese finch, a male zebra finch, or a 

female zebra finch. There were significant effects of treatment on mean body masses 

and display hopping activity, with lowest mean masses and highest display activity 

during the female zebra finch treatment. Mass trajectories did not differ between 

treatments, instead the effect of treatment was manifested as a complete shifting in the 

y-axis of the mass curves. Hopping activity trajectories did however vary between



treatments with the female zebra finch stimulus evoking a marked peak around dawn. 

This apparent anomaly may be attributed to either strategic compensatory foraging 

aimed at guarding mass trajectory, variation in the mass-dependent costs of display 

behaviour, a reorganisation of time and energy budgets, or some combination of these 

factors. This work provided the first experimental evidence of the trade-off between 

reproductive and somatic investment in birds.

The diel patterns of display activity exhibited by many male passerines could be due to 

temporal variation in either male-state or in female-state (i.e. her attractiveness and/or 

receptivity). These effects are naturally confounded, but by desynchronising the 

photoperiods of the female stimulus birds from the males it was possible to disentangle 

the effects of the time of presentation and time-state of the female on male mass 

regulation and display activity. Female zebra finches were presented to the males for a 

discrete three hour period at dawn or midday, and in each case females were either in a 

dawn or a midday time-state (making four treatments in total). The time of presentation 

had no effect on overall display rates, but the peaks of display activity were shifted to 

coincide with the time when the female was present. Despite no difference in mean 

hopping activity, there was a significant effect of presentation time on mean mass, 

which I attributed to time of day differences, due to male-state, in the costs of display. 

Female time-state was for the first time shown to influence display activity of males. 

Dawn-state females were more attractive/responsive and evoked a greater display effort, 

but only in the context of the males’ dawn, as no effects of female time-state were 

apparent at midday.

Arbitrary symmetry has been shown to influence female choice in birds, particularly in 

zebra finches. We investigated the effects of arbitrary symmetrical and asymmetrical 

traits of females (applied as coloured leg bands) on the dynamic interaction between 

body mass regulation and display activity in male zebra finches (chapter 6). We found 

no significant effects of leg band treatment on either overall levels of body mass and 

display hopping, or on their diel trajectories, all o f which were highly consistent 

between treatments. There was however a significant and consistent effect of female 

identity (irrespective of leg banding) on male display hopping activity. This fact, 

coupled with evidence from chapters 4 & 5 that the trade-off exists and can be detected 

by the present experimental design, points towards arbitrary symmetrical traits of



female zebra finches having no effect (or a very weak effect) on male choice, unlike the 

situation that occurs when the sex roles are reversed.

Foraging is incompatible with courtship, therefore the decision to engage in courtship 

creates a conflict with mass regulation behaviour. Stochastic dynamic models predict 

that variability in patterns of food availability will influence the trade-off between 

investment in reproduction versus body mass maintenance, specifically that variable 

foraging success will cause mass to increase and display output to decrease. I examined 

the effects of food restrictions on mass regulation and display hopping activity of males 

that were presented with a female stimulus bird (chapter 7). The restriction treatments, 

which were not variable within a treatment, had significant effects on body mass 

trajectories, but had no significant effects on either mean body mass, directed hopping 

activity or the trajectory of hopping activity, despite their lasting for one third of the 

feeding daylength. There was in fact a non-significant tendency for hopping activity to 

be higher or highest during the period when food was restricted. A cost of courtship is 

time lost from foraging. Therefore when food is unavailable courtship activity becomes 

less costly but the risk of starvation is greater. Males appeared to overlook this 

increased risk and defended their display output.

The final chapter synthesises the findings of the previous chapters and discusses some 

ideas for further work in this area.
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Chapter 1. General Introduction

Life History Trade-offs

The myriad strategic decisions an individual makes throughout its lifetime are the 

corner stone of life history theory. Whenever an individual makes a decision to allocate 

time or resources there is inevitably a trade-off involved. These trade-offs are paid for in 

terms of fitness, and costs arise whenever a beneficial change in one trait necessitates a 

detrimental change in another.

The most important life history trade-off relates to the costs of reproduction (Partridge 

& Harvey, 1985; Stearns, 1989). The costs of reproduction can themselves can be 

broken down into two principal components: the cost of reduced survival prospects and 

the cost of reduced future reproductive potential. Measurement of these trade-offs 

depends on the nature of the organism. Stearns (1989) defines two categories of 

breeding type as ‘income breeders’ and ‘capital breeders’, which in fact represent the 

two end-points of a continuum. Capital breeders, for example red deer fCervus elaphus). 

store food as body fat that can be later utilised to fuel more than one reproduction 

attempt (Clutton-Brock et al., 1983). Consequently, the future reproductive success of 

capital breeders is inextricably linked to past success. For income breeders on the other 

hand, the resource pool is too small conceivably to pay for successive reproduction 

attempts and those species divert current income directly towards investment in 

reproduction. An excellent example of an income breeder is the ciliate protozoan 

Tokophrva lemnarum that feeds on Paramecium and produces one offspring for each 

food item it consumes (Kent, 1981). Great tits (Taras major) display some 

characteristics of both capital and income breeders. While some studies found no 

evidence of a trade-off between clutch size and adult survival (e.g. Pettifor et al., 1988) 

others found a trade-off between clutch size and success of a second brood (Smith et al., 

1987; Tinbergen, 1987; Linden, 1988). In this case the short-term costs within a season 

are clear whereas the longer-term costs are not.

A small opportunist breeder such as the zebra finch (Taeniopvgia guttata) is likely to be 

a clearly defined income breeder. The Australian zebra finch, weighing typically 12 to
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15 grams, lives naturally in an arid climate with a distribution covering the majority of 

that continent (Zann, 1996). They are renowned for their ability to breed at any time of 

year in response to rainfall that brings with it flushes of their staple food, grass seed 

(Morton & Davies, 1983; Zann et al., 1995). The absence of any distinct breeding 

period, and their reliance on rainfall to promote their food supply, limits the prospect of 

any element of capital breeding in their life history cycle, although there is evidence that 

female zebra finches deplete skeletal muscle protein during egg production (Houston et 

al., 1995a, 1995b).

While the costs of reproduction in a capital breeder will involve many elements of the 

organism’s previous behaviour, the costs of reproduction in an income breeder can more 

easily be related to current behaviours, for example the diel pattern of foraging 

behaviour. It is most often the case, with some exceptions (e.g. courtship feeding seen 

in certain arthropods), that foraging and behaviours related to reproduction are mutually 

exclusive. This is certainly the case for the zebra finch (Zann et al., 1995; Zann, 1996). 

This fact, and the direct relationship between the costs of reproduction and current 

foraging behaviour, crystallises the trade-off between reproductive investment versus 

somatic investment in this species. This trade-off will be steered by short term dynamic 

allocation decisions, for example whether to increase fat reserves or not. Increasing fat 

reserves or body mass is beneficial as a buffer against starvation (e.g. McNamara et al., 

1997) but is costly in terms of increasing mass-dependent costs (e.g. flight costs, 

Pennycuick, 1990; predation risk, Witter et al., 1994; Gosler et al., 1995; Metcalfe & 

Ure, 1995; risk of injury, Witter & Cuthill, 1993) and diverting energy away from the 

current reproductive effort (Witter & Cuthill, 1993). There is some correlational 

evidence of this trade-off between body mass reserves and the amount of mate 

solicitation behaviour in birds (black grouse, Tetrao tetrix. Rintamaki et al., 1995) and 

also in mammals (Richardson’s ground squirrels, Spermophilus richardsonii. Michener 

1998; red foxes Vulpes vulpes. Cavallini, 1998).
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Diel Patterns of Display and the Dawn Chorus in Birds

One of the contexts in which the trade-off between reproductive and somatic investment 

has been most intensively studied is the courtship behaviour of male song birds. Many 

passerines illustrate the phenomenon of pronounced peaks in courtship song at specific 

times of day (the dawn and dusk ‘choruses’). Most temperate zone passerines spend a 

higher proportion of their time singing at dawn than during the rest of the day, with a 

secondary peak at dusk (Kacelnik & Krebs, 1982) and this phenomenon has attracted 

much research into its cause and functions (e.g. Garson & Hunter, 1970; Mace, 1986, 

1987a, 1987b, 1987c,, 1989a, 1989b, 1989c; McNamara et al., 1987; Cuthill & 

MacDonald, 1990; Staicer, 1996; Staicer et al., 1996; Strain & Mumme, 1988; Thomas, 

1999a, 1999b).

There is no absolute consensus as to why birds opt to display more at dawn and 

different studies frequently suggest different functions or motivations. An important but 

frequently overlooked factor is the pairing status of the singing males (Mace, 1987b). A 

male who is seeking to attract a female and a male who already has a mate and seeks to 

guard her and protect his paternity have clearly different priorities, and this will likely 

be reflected in their display strategies. Displaying is an energetically expensive activity, 

and bears a further cost in terms of time lost from foraging, therefore one might 

intuitively expect it to occur more when it is least costly.

Several functional and causal hypotheses for the diel pattern of display behaviour of 

many passerines have been proposed involving environmental, energetic, social and 

sexual factors. Henwood & Fabrick (1979) developed a numerical model of sound 

propagation in the varying atmospheric conditions that arise at different times of day 

and concluded that early morning microclimatic conditions will strongly favour sound 

propagation, a conclusion also reached empirically (Waser & Waser, 1978). Whether an 

individual should seek to maximise the range over which his song is broadcast is 

unclear and depends on the functional reason behind the song (e.g. Mace, 1987b). What 

is clear is that the extent of the advantage that Henwood & Fabrick (1979) proposed will 

be diminished by interference by other birds’ songs (e.g. Bremond, 1978), a factor that 

was not accounted for in their model.
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Kacelnik (1979) demonstrated that foraging success was reduced by low light intensities 

and he argued that twilight was therefore an inefficient time for foraging, which 

subsequently promoted alternative behaviours such as singing or displaying. Due to the 

fact that foraging and displaying are incompatible with one another, a de facto  cost of 

displaying is that of time lost from foraging (Kacelnik & Krebs, 1982). Mace (1987b) 

did not entirely agree with this statement and pointed out that foraging and singing do 

not always compete for space in an animal’s time budget. Mace (1987b) went on to cite 

personal observations that indicated that great tits had free hours in their days. There is 

little question that many bird species do spend a substantial portion of their day being 

inactive (e.g. European starlings (Sturnus vulgaris). Bautista et al., 1998; zebra finches, 

Dali & Witter, 1998), but since the pattern of inactivity varies with time, this does not 

imply that the extent to which foraging and singing compete for time may not vary with 

specific times of day (e.g. at dawn).

The dawn chorus may arise because early morning circumstances favour territorial 

incursions (Kacelnik & Krebs, 1982) or because of mate guarding considerations linked 

to diel patterns of female fertility (Mace, 1987a; Moller, 1991a). Territorial challenges 

may be concentrated in the early hours of the morning due to an accumulation of vacant 

territories due to overnight mortalities, or an accumulation of migrants arriving 

overnight (Kacelnik & Krebs, 1982). If display behaviour has a territorial function one 

might therefore expect it to be more concentrated at dawn. Mace (1987a) demonstrated 

that the song output of male great tits was directly related to female fertility and the 

female’s position in the egg-laying sequence. Most passerines lay their eggs at dawn 

and evidence from other species suggests that fertility peaks immediately afterwards 

(Sturkie, 1965; Howarth, 1971; Cheng et al., 1983) which would in turn favour 

proximity to, and mate-guarding of the female early in the day, an effect already 

demonstrated (Mace, 1989b). It has also been demonstrated, again in great tits, that the 

dawn chorus is influenced by interactions between the female and male. Mace (1986) 

found a strong correlation between male song duration and the time of emergence of the 

female from her nest hole. Possible functions for this mechanism may include 

stimulating the female to emerge and copulate and/or a warning signal to other males to 

deter intrusions and/or extra-pair copulations.
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The idea of singing occurring when it is least costly/most beneficial was contradicted by 

the suggestion that choruses occurred at dawn and dusk precisely because these were in 

fact the costliest times to sing, and therefore constituted particularly good times for 

male quality to be assessed by females (Montgomerie, 1985, as cited by Cuthill & 

MacDonald, 1990). To be an honest signal of male quality, display behaviour has to be 

costly (Mace 1987a, 1987c; Grafen, 1990; Hutchinson et al., 1993; Otter et al., 1997) as 

it clearly is, but both the costs of display and of competing activities are variable with 

time of day (McNamara et al., 1987). Food supplementation experiments (Gottlander, 

1987; Strain & Mumme, 1988; Cuthill & MacDonald, 1990; Lucas, 1999; Thomas,

1999a, 1999b) have shown that supplementation increased song output. This has been 

interpreted as suggesting that song constituted an honest advertisement (Cuthill & 

MacDonald, 1990). However, increased song output in these experiments was merely a 

reflection of an artificial short-term enhancement in energetic status. Given the manner 

in which experimental supplementations were delivered, access to or utilisation of those 

supplementations would vary little with direct measures of quality such as territory 

quality, parasite burden, phenotype or genotype. To determine, therefore, if song was 

indeed an honest advertisement of male quality it would be more appropriate to 

manipulate quality directly and measure its effect on song output with time of day. For 

example, it has recently been shown that male Beaugregory damselfish (Stegastes 

leucosticus) displayed more vigorously when the quality of their territory was enhanced 

(Itzkowitz & Haley, 1999), and that, in sedge warblers fAcrocephalus schoenobaenusl. 

there is a negative correlation between blood-borne parasite burden and both song 

output and repertoire (Buchanan et al., 1999).

Life History trade-offs: predictions of theoretical models

The specific trade-off between reproductive and somatic investment, and the dynamic 

allocation decisions that bear an influence upon it, have attracted the attention of 

theoreticians in recent years (Houston & McNamara, 1987; McNamara & Houston, 

1987; Hutchinson et al., 1993). Their stochastic dynamic programming models looked 

specifically at the cost of male singing behaviour as a readily quantifiable part of the 

total costs of reproduction, but are relevant to any display behaviour as long as it is both 

costly and incompatible with foraging (Hutchinson et al., 1993).
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!
Houston & McNamara (1987) described how a dynamic optimisation model, in which

j an animal makes a series of decisions that both vary in payoff and affect its state, can be

; converted into a stochastic dynamic game that can subsequently be solved using

computational methods. Their technique finds the evolutionary stable strategy (ESS) for 

an individual interacting with other individuals within a population. It was the 

programming techniques described in this paper that were employed by McNamara et 

al. (1987) in their model of the optimal organisation of the daily routines of singing and 

foraging in small birds. This model considered how an unpaired male bird should divide 

his time between two mutually exclusive behaviours; singing or foraging. In general 

there is a critical boundary of body reserves above which it is optimal to sing to obtain 

and/or defend a mate or territory and below which it is optimal to forage, and the level 

of this boundary varies with time of day. The model assumed variable food rewards of 

foraging and accounted for the mass-dependent costs of singing and foraging. Using 

these rules the authors were able to calculate optimal singing and foraging strategies.

With many o f the parameters of their model, the effects of changing the mean and 

altering the variance had separate and qualitatively different effects on the optimal 

behaviour pattern, a point that must be borne in mind when empirically testing any of 

the predictions of the model (see Cuthill et al., 2000). An example of such a parameter 

was the overnight energy requirement. Increasing the mean level of overnight 

expenditure required birds to attain a higher level of reserves by dusk (when feeding 

ceased), which simply meant that the optimal strategy was to start building reserves 

earlier in the day. However, body reserves at dawn and consequently dawn song output 

were unaffected. In contrast, while changing the variance of overnight requirements had 

the same effect of increasing reserves at dusk, it meant there was variability in dawn 

state with a majority of individuals arriving at dawn with reserves above the critical 

boundary. This brought about a dawn chorus with a longer duration, and the greater the 

overnight variance the longer the dawn chorus. One factor that is predicted to increase 

overnight expenditure is ambient temperature. It has been shown empirically that there 

is a positive correlation between overnight temperature and dawn song output in wrens 

(Troglodytes troglodytes; Garson & Hunter, 1979), Carolina wrens (Thrvothorus 

ludovicianus; Strain & Mumme, 1988) and in pied flycatchers (Ficedula hvpoleuca; 

Gotti and er, 1987).
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McNamara et al. (1987) examined the effect of introducing a probability of foraging 

being interrupted into the model. Such stochasticity o f food supply led to individuals 

maintaining a higher level of reserves throughout the day. In that situation birds began 

building their reserves earlier in the day and hence reached their target dusk mass more 

rapidly, which increased dusk song output but had no effect on dawn output.

McNamara et al. (1987) also explored temporal changes in the profitability of both 

singing and foraging and the effects of these changes on the optimal strategy. As 

discussed earlier, several factors have been proposed that may make song more 

profitable at dawn, for example it may be favoured by atmospheric conditions 

(Henwood & Fabrick, 1979) or the probability of attracting a mate may be greater 

(Kacelnik & Krebs, 1982; Mace, 1986). Increasing the profitability of song at dawn in 

the model led to a more intense dawn chorus but less dusk output as males sought to 

build their reserves earlier to place them in a more favourable position at the start of the 

next day. It has also been argued that foraging may be less profitable at dawn due to low 

light levels (Kacelnik, 1979; Kacelnik & Krebs, 1982) or possibly low temperature 

(Avery & Krebs, 1984), although the latter applied only to birds foraging on prey such 

as arthropods that may be more torpid and therefore harder to find in colder conditions. 

The model of McNamara et al. (1987) indicated that if foraging profitability peaked 

around midday then most foraging should occur just after that peak and singing should 

be biased towards dawn.

The predictions of McNamara et al. (1987) were on the whole characteristic of the 

typical song output of small passerines and were robust to changes in a wide range of 

parameters. While previous work on the dawn chorus had focussed on diurnal changes 

in the profitability of singing (e.g. Mace, 1986, 1987a) or foraging (e.g. Kacelnik & 

Krebs, 1982) as functional explanations, their model suggested that diel patterns of 

singing could arise even when extrinsic/environmental considerations such as these 

were held constant. As such, their model was one of the first functional models capable 

of explaining diel patterns in behaviour,

Hutchinson et al. (1993) took up the theme of McNamara et al. (1987) and developed 

the idea further to include differences both in male quality and in female assessment of 

song (which was allowed to vary with either time of day or experience of previous song

7



output). This permitted them to determine the optimal singing routine for each male 

under each female’s decision rule and also to determine the efficiency of the female rule 

in assessing variable male quality. Singing is incompatible with foraging and it also 

increases the risk of starvation, therefore singing functions as an honest signal of male 

quality (e.g. Mace, 1987b; Staicer, 1996, Staicer et al., 1996; Otter et al., 1997). The 

model of Hutchinson et al. (1993) allowed an insight into this role of song as a strategic 

handicap conveying honest information about male quality or territory quality (Grafen, 

1990).

Courtship in zebra finches

In the present work we treated the stereotypical parallel hopping activity that male zebra 

finches engage in during courtship as analogous to the mate attraction function of song 

in songbirds. There are two stages of male courtship that precede copulation in zebra 

finches (Morris, 1954; Immelman 1959, 1962 as cited by Zann, 1996; Zann, 1996). The 

majority of the courtship sequence is composed of stage 1 behaviours where the male 

firstly flies to and fro between perches, before making a series of short hops between 

adjacent perches (parallel hopping). These behaviours are typically performed first by 

the male and then are usually reciprocated by the female. The second stage involves 

similar parallel hopping behaviour that may be accompanied by vocalisations on the 

part of the male. The female may again reciprocate the hopping behaviour and there is a 

significant tendency for the male to favour the presentation of his flanks, particularly his 

right flank (Workman & Andrew, 1986; Zann, 1996).

This form of display behaviour meets the criteria required by the previously discussed 

theoretical models (Houston & McNamara, 1987, McNamara et al., 1987; Hutchinson et 

al., 1993) as it is clearly both energetically expensive and incompatible with foraging 

activity. The models made the assumption that the costs of singing were mass- 

dependent. The consequence of this was that it was predicted to be less costly for the 

male to sing early in the day (before his mass increased as a result of foraging), which in 

turn biased early morning behaviour towards singing (and thus gave rise to a dawn 

chorus in the absence of any circadian patterns in the environment). The degree to 

which the energetic costs of singing are mass-dependent have never been tested 

empirically. However, given that singing is a stationary behaviour, involving



t

musculature including that associated with the beak and pulmonary function, it is very 

difficult to imagine any scope for significant mass-dependence. At a crude level it is 

immediately apparent that attaching weights to a singing bird does not increase the 

energetic cost of singing (c.f. Witter et al., 1994). However, the costs of the parallel 

hopping display of male zebra finches, being a predominantly locomotory behaviour 

involving a high frequency of starting and stopping, will clearly be strongly mass- 

dependent. McNamara et al. (1987) found that introducing even small mass-dependent 

costs of displaying into their model generated distinct policies of daily behaviour. The 

predictions of such models may therefore be more relevant to relatively strongly mass- 

dependent display behaviours such as that of male zebra finches, compared to singing 

where the level of mass-dependence is at best very small.

The display behaviour of male zebra finches lends itself very well to automatic data 

collection techniques. Microswitch perch mechanisms, which recorded the temporal and 

spatial pattern of hopping, were first employed by Swaddle & Cuthill (1994a, 1994b), 

and design details of those used in the present study are given in Chapter 2. Employing 

an automatic data collection mechanism ensured that the complete diurnal activity (and 

hence courtship) record for each experimental subject was recorded, something that is 

practically impossible for studies involving birdsong where subjects’ behaviours are 

often scanned alternately (e.g. Gottlander, 1987; Mace, 1989a; Cuthill et al, 1990; 

Thomas, 1999a, 1999b).

Zebra finches have been the species of choice for much of the laboratory based research 

into avian biology. Although they adapt well to captivity, the species has been captive 

bred in Europe for over a century and domesticated individuals are the principal source 

of stock for researchers. Zebra finches are a highly social species which form flocks in 

the wild of up to several hundred individuals. A consequence of this sociality is that 

birds can be housed in the laboratory in groups (typically of no more than eight 

individuals) which permits economic use of space. Their small size and wingspan 

allows birds to exercise their flight muscles even in relatively small cages, and the 

absence of outside flight space has not been shown to be of any particular detriment to 

their welfare. The husbandry of captive zebra finches is very straightforward. In nature 

birds consume a diet almost exclusively of small grass seeds although insectivory has 

infrequently been reported (Immelmann, 1962; Immelmann, 1970; as cited by Zann,
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1996). In captivity zebra finches thrive on proprietary grass seed mixes (e.g. Haiths’ 

Foreign Finch Mix, containing Panicum millet, yellow millet, Japanese millet, pearl 

white millet, red millet and Canadian canary seed: Haiths, Cleethorpes, U.K.) and also 

benefit from the provision of cuttlebone and shell-grit for the maintenance of their beak 

and digestion respectively.

As discussed already, zebra finches are opportunistic breeders provided that nutritional 

state permits, and this willingness to breed throughout the year makes the species ideal 

for research involving any aspect of sexual selection or reproductive behaviour, as well 

as facilitating the breeding of additional stock. Zebra finches are socially monogamous 

and generally form pair bonds which last for life, however, if a pair bond is disrupted by 

death of a partner or by experimental manipulation, birds will re-pair if provided with 

the opportunity (Zann, 1996). Consequently, a male will readily court a new female if 

separated from a previous mate and in fact a male will readily court several females in 

succession if given the opportunity (e.g. Silcox & Evans, 1982). This fact has obvious 

implications for sexual selection studies involving a choice of stimuli whether presented 

simultaneously or serially.

Forming Hypotheses: factors affecting the trade-off between investment 

in soma versus reproduction

Many empirical studies have tested some of the modelling predictions discussed above, 

particularly those concerned with the effect of energetic status on song routines (e.g. 

Gottlander, 1987; Strain & Mumme, 1988; Cuthill & MacDonald, 1990; Lucas, 1999; 

Thomas, 1999a, 1999b). In the laboratory, energetic status has been manipulated by 

adjustments in ambient temperature (e.g. Ekman & Hake, 1990; Bednekoff et al., 1994; 

Lilliendahl et al., 1996; Meijer et al., 1996), wind chill (Witter et al., 1994; Cuthill et al., 

2000) and food availability (e.g. Mace, 1989b; Bednekoff & Krebs, 1995). In the field, 

the putative effects of ambient temperature/weather on energetic status (e.g. Gottlander, 

1987; Strain & Mumme, 1988) along with the effects of food supplementations on song 

output (e.g. Cuthill & MacDonald, 1990) have also been measured. Manipulations of 

food availability have taken the form of restrictions (e.g. Kacelnik & Krebs, 1982; Dali 

& Witter, 1998) and/or supplementations (e.g. Cuthill & MacDonald, 1990; Thomas
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1999a, 1999b) but frequently the effects of predictability and variability have been 

confounded (see Cuthill et al., 2000 for a discussion).

The central theme of the models discussed above however, is the dynamic interaction 

between body mass regulation and investment in reproductive behaviour, and how this 

is affected by short-term strategic allocation decisions. This trade-off, and the proximate 

factors that influence it, has never before been studied. The present work addressed this 

shortfall by considering the influence of certain factors on the dynamic interaction of 

investment in soma versus investment in reproductive activities in male zebra finches.

The work described in chapter 4, Trade-off between body mass and reproductive 

behaviour in male zebra finches, examined the effect of the opportunity to attract a mate 

on the diurnal strategies of display hopping and body mass regulation of males. When a 

male was presented with a potential mate we predicted that he should invest more time 

and energy in courtship activity, which may detract from the amount of time and energy 

he devoted to feeding, hence altering his mean body mass and his diel pattern of body 

mass change (trajectory). I presented the male with four stimulus treatments, one of 

which was a female zebra finch, the other three being controls to allow me to 

distinguish between the effects of a female conspecific as opposed to the effects due 

simply to the presence of another bird.

Amongst other possible factors, the typical pattern of male display in many passerines 

could be due to temporal variation in either male state, or in the receptivity o f the 

female (c.f. Mace, 1987a; Moller, 1991a). In chapter 5, The effects of time of day and 

context of female presentation on body mass and display in male zebra finches. I 

explored these effects by presenting males with stimulus females for discrete periods at 

dawn and midday. The natural association between the time-states of the two birds was 

removed by desynchronising the females relative to the males’ photoperiod, such that 

females were themselves in either a dawn or a midday time-state when presented to the 

males. A common assumption of many models of mate choice is that males are equally 

receptive to all females (for a review see Reid & Stamps, 1997). However this has 

frequently been shown not to be the case (e.g. Burley, 1981; Burley et al., 1982; Verrel, 

1982; Olsson, 1983; Sargent et al., 1986; Monaghan et al., 1996; Amundsen et al., 1997; 

Hansen et al., 1999; Itzkowitz & Haley, 1999). I therefore tested the hypothesis that
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both the time of presentation and the time-state of a female would affect the dynamic 

interaction of display hopping and body mass regulation in male zebra finches.

Natural fluctuating asymmetry (Moller, 1990; Moller, 1991b; Moller, 1992a, 1992b; 

Manning & Chamberlain, 1993; Swaddle & Cuthill, 1995), manipulation of the 

asymmetry of natural traits (Moller, 1989; Oakes & Barnard, 1994; Swaddle & Cuthill, 

1994a; Morris & Casey, 1998) and the application of arbitrary asymmetrical traits 

(Swaddle & Cuthill, 1994b; Fiske & Amundsen, 1997; Bennett et al., 1996; Hansen et 

al., 1999; Waas & Wordsworth, 1999) have all been shown to either directly influence 

sexual selection mechanisms or have been found to be correlated with other measures of 

sexual selection. The direction of the preferences are sometimes inconsistent between 

studies and between species, and recently the role of natural asymmetry as a viable 

biological signal has been cast into doubt (Swaddle, 1999; Swaddle, 2000). In birds 

however, the effect on female choice of applying coloured leg bands to males in 

symmetric or asymmetric arrangements is in general very consistent (Swaddle &

Cuthill, 1994b; Bennett et al., 1996; Swaddle, 1996; Fiske & Amundsen, 1997; Waas & 

Wordsworth, 1999; but see Jennions, 1998 for an exception) and recently similar effects 

have been demonstrated on male choice of females (Hansen et al., 1999).

Although male mate choice is markedly less prevalent than female choice, it has been 

demonstrated in a number of species (e.g. Verrel, 1982; Olsson, 1983; Sargent et al., 

1986; Amundsen et al., 1997; Hansen et al., 1999; Itzkowitz & Haley, 1999) including 

the zebra finch (Burley, 1981; Burley et al., 1982; Monaghan et al., 1996). Female mate 

choice is favoured by phenomena such as anisogamy and female-biased parental 

investment, however, some degree of male choice is expected in monogamous species 

(Andersson, 1994) or those in which breeding is highly synchronised (Owens & 

Thompson, 1994; Kuester & Paul, 1996; Amundsen et al., 1997), for example the zebra 

finch. In chapter 6, Arbitrary symmetrical traits on females: their effect on diel patterns 

of display and mass regulation in male zebra finches, I manipulated an arbitrary 

symmetrical trait (coloured plastic leg bands) of stimulus females with the intention of 

varying their attractiveness to males. I then assessed the effect of leg band 

manipulations on diel patterns of display hopping activity and body mass regulation to 

test the prediction that males would trade-off body mass maintenance behaviours in
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favour of more vigorous display in front of putatively more attractive (symmetrically 

banded) females, and vice versa (c.f. Hansen et al., 1999).

Theoretical models make certain predictions relating to food supply and foraging 

success. For example, if the gain from foraging becomes less predictable due to a 

probability of being interrupted, individuals maintain higher masses throughout the day 

that results in higher dusk display output but no change in dawn display output 

(McNamara et al., 1987). Alternatively, if the energy available to an individual is 

reduced, for example by decreasing the hours of daylight, or decreasing the net gain 

from foraging, a shorter dawn chorus with a lower magnitude is predicted (Hutchinson 

et al., 1993). In chapter 7, The effects of food restriction on diel patterns of body mass 

and display activity in male zebra finches. I investigated the effect of reducing the 

length of the feeding day by imposing food restrictions, thereby increasing the 

probability o f feeding being interrupted relative to the control treatment (where there 

was no interruption). The timing of the interruption was constant within a treatment and 

variable between treatments.

The predictions of Hutchinson et al. (1993) assumed that a reduced daylength also 

decreased the energy available to a bird which did not allow for the possibility of 

compensatory foraging when feeding conditions were particularly good, while the 

predictions of McNamara et al. (1987) envisaged the timing of interruptions being 

variable both within and between days. My experiment therefore did not explicitly test 

predictions of either model as birds enjoyed ad libitum food availability outwith 

restriction periods and the timing of my restrictions were constant within a treatment. 

By restricting food during distinct periods in an individual’s day, I explored the short­

term consequences for body mass maintenance and display hopping activity with 

particular reference to the period of restriction. I predicted that during the third of the 

day when food was unavailable, individuals would seek to limit their mass loss by 

reducing energetic activities such as display behaviour. However, the extent to which 

individuals varied the trade-off between body mass maintenance and display activity 

when faced with food restriction was predicted to vary also with the timing of the 

restriction. Display behaviour appears to be more important at certain times of day (e.g. 

dawn) therefore individuals were predicted to guard their performance of that
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behaviour, at those times of day when it is typically performed most, with the decrease 

in body mass and increase in starvation risk it would entail.

Chapter 3, Sigmoidal versus rectangular lighting regimes: effects on diel patterns of 

body mass and display hopping in male zebra finches, explored the practicalities and 

possible benefits of using a lighting system in the laboratory that sought to replicate the 

gradual light intensity changes associated with a natural dawn and dusk. A tremendous 

number of studies are performed using caged birds, particularly the zebra finch (see 

Zann, 1996), and while some of these studies have used natural light to illuminate the 

laboratory (e.g. Meijer et al., 1996; Pravosudov & Grubb, 1997), the majority have used 

artificial light sources or have failed to specify their lighting conditions. Laboratory 

studies allow experimenters the opportunity to precisely control many aspects of their 

subjects’ environment. In the field or in outdoor aviaries, in contrast, it may be 

impossible to control temperature, weather, ambient olfactory or auditory signals and 

provocation by wild or domestic animals, any of which may significantly affect an 

individual’s state (e.g. Garson & Hunter, 1970; Bremond, 1978; Witter et al., 1994; 

Lilliendahl, 1997, 1998).

Artificial laboratory lights are traditionally switched on and off in unison, with light 

intensity changing instantaneously from zero to full and vice versa. This situation is 

clearly very unnatural and denies subjects of any extrinsic cues relating to the imminent 

start and finish of the feeding day, despite patterns of foraging and display in passerines 

being intimately related to changes in light intensity at twilight. I therefore created a 

system that attempted to mimic these changing light patterns. Given the particular 

contribution of dawn and dusk to the diel patterns of display activity and body mass 

regulation, I predicted that the nature of the lighting regime (naturalistic versus all-or- 

nothing) would influence the dynamic interaction of these two behaviours.

Control of the laboratory environment and data collection within this series of 

experiments were fully automated and therefore relied heavily on technology in terms 

both of hardware and software. Such an automated system was, I believe, not only a 

very attractive but also a very valuable means of performing behavioural ecology 

experiments such as these. The principal advantages of this system were the sheer 

quality, quantity and reliability of data generated, the minimising of disturbance to the
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experimental subjects and the time savings made. Computer control of the lighting and 

ventilation in the laboratory permitted the naturalistic light intensity changes described 

in chapter 3, and also ensured that the temperature of the room was kept within 

acceptable tolerances. The combined electronic balance/micro switch perch units and the 

logger software generated precise records of the temporal patterns of body mass and 

display hopping activity. All of these systems are described more fully in chapter 2.

Chapters 3, 4, 5, 6 & 7 of this thesis have been written in the style of manuscripts for 

submission for publication in peer-reviewed journals, and as such are co-authored with 

my supervisors, John P. Swaddle and Neil B. Metcalfe.
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Chapter 2. General & T e c h n ic a l  Methods

Introduction

A precursor to the experimental work performed throughout this PhD project was the 

design and creation of hardware and software involved in the collection of data and 

control of the experimental environment. I began this project with virtually no computer 

programming experience although I did have a reasonably good knowledge of 

electronics and mechanics. The first year of my project was almost exclusively devoted 

to the designing, building and perfecting of the equipment and software that I used to 

collect data, transform data and control the lighting/temperature environment of the 

laboratory. Every item of software and hardware described in this chapter was 

exclusively and solely written or built by the author, without external assistance.

In this chapter I will discuss the form and function of the ‘microswitch perch’ units that 

were used by male zebra finches as a forum upon which to perform their stereotypical 

display hopping behaviour. From there I will go on to describe the electronic balances 

that were used to collect body mass data, their association with the microswitch perches, 

and how data from the balances and perches were routed to the laboratory computer via 

expansion cards.

The acquisition, processing and storage of these data were mediated by a single 

software package named ‘DataLog’, which I custom wrote for the task. At the outset of 

the project it was difficult to foresee the exact detail of data I would wish to record and 

how I would wish to analyse it. To overcome this potential difficulty I designed the 

software to record all the information being made available to it. A consequence of this 

was that the data files that were generated were very large and often amounted to 

several thousand lines o f text per bird per day. To assist in the analysis of these data, a 

separate piece of software called FileParse was developed, which contained seventeen 

parsing routines, each of which performed a specific and complex function. One benefit 

of using a post-hoc tool such as this was that no compromises had to be made at the data 

logging stage. Therefore, the full depth of information was always preserved, even if a 

condensed form of the data was used in the statistical analyses.

27



The lighting and temperature of the experimental environment was identified at an early 

stage in the project as an area that required to be precisely controlled and monitored. A 

system, controlled by the computer, was developed to allow the light level, ventilation 

and temperature of the room to be manipulated in a predictable fashion. The software, 

named DawnDusk, and the lighting arrays, will also be covered in this chapter.

Microswitch Perch Units

The concept of using perches connected to switches to record the movements of zebra 

finches is not new, having been employed by other experimenters (e.g. Swaddle & 

Cuthill, 1994a, 1994b). The perch units used in the present work were engineered using 

carefully chosen materials to create reliable, fault-free and low-maintenance devices. At 

the outset of the project the microswitch hop perches were a stand-alone unit located in 

the display section of the experimental cages (adjacent to the stimulus compartment) 

(figure 1). The electronic balance was associated with the feed perch such that body 

mass data were captured during feeding bouts, not during display bouts, and 

information on the temporal organisation of feeding was also inherent in the balances’ 

output.

This first design of hop perch unit was fully encased within a plastic instrument box 

making it relatively bulky and heavy, although at this stage neither of these factors were 

particularly important (figure 2). The pushrods that actuated the switches were initially 

made of an extruded fibreglass rod material that was chosen for its strength and light 

weight although it did have certain shortcomings (see later). Long lever sub-miniature 

microswitches (RS Components no. 159-4657: RS Components Ltd., Corby, 

Northamptonshire, UK) were used because of their low actuating force and long 

mechanical life characteristics. By varying the distance from the pivot point of the 

microswitch’s lever to the base of the perch pushrod it was possible to tune the perch to 

respond to very precise minimum forces. In this case the pivot point/pushrod distance 

was set at 35 millimetres, so that the switch was closed by forces as low as 0.098 N 

(lOg). This allowed the perch to be activated by the lightest zebra finches while still 

maintaining sufficient resistance to cause it to rebound (switch off) after a bird hopped 

off.
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After a period of experimental recording it became clear that the birds were spending 

the majority of their time on the hop perches and making only brief and infrequent visits 

to the feed perch. As the electronic balance was situated beneath the feed perch this 

meant that very few body mass records were being captured. The lack of mass data 

posed problems in terms of the type of analyses that could be performed. At first glance 

the solution to this problem seemed to be to locate the electronic balance underneath the 

hop perches. This approach was not without difficulties however, as the hop perches 

were quite sizeable and weighed around 400 grams, about 65% of the total weighing 

capacity of a balance. In addition there was the problem of the cable running from the 

hop perch. Although fairly lightweight (4mm diameter) the presence of the cable had an 

extremely large influence on the forces transmitted to the load cell in the balance, 

causing the reading to vary by between tens and hundreds of grams. Overcoming these 

difficulties meant stripping down the hop perch to minimise its weight without 

compromising its functionality, and also devising a method of running five (i.e. four 

lines plus a common wire) individual electrical connections away from the hop perch 

without hampering the correct operation of the balance.

By removing the casing from the hop perches and retaining only essential parts I 

successfully shed nearly 250 grams from its weight and roughly halved its physical size. 

The problem of running connections from the hop perch was solved by running five 

individual filaments of hair-breadth copper wire from the perches to a circuit board 

glued to the top of the balance. From here the original cable took over the connection 

back to the computer. The extreme delicacy of these wires meant that there was no 

restriction of vertical movement of the hop perch relative to the balance whatsoever. 

However, the wires were very prone to breakage and considerable care had to be taken 

to avoid rotating the hop perch relative to the balance, for example when reaching into a 

cage to catch a bird. A metal guard was glued in position to prevent a bird from 

disrupting the fine wires or entangling itself in them and as a result there were no cases 

where a bird caused a breakage.

An additional improvement was made to the microswitch perch units at this time. The 

extruded fibreglass material used for the pushrods was somewhat prone to sticking, 

partly because it presented a high friction surface to the PVC bush within which it
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travelled. Moreover, its small diameter (3mm) made it more prone to sticking when 

transmitting non-vertical forces (i.e. when the bird was not central on the perch the force 

through the pushrod was not acting in a perfectly vertical manner). Therefore it was 

replaced by 6 millimetre diameter PTFE (Teflon) rod (RS Components 680-612) , 

which was chosen for its excellent low friction properties. The PTFE running in the 

PVC bushes proved to be a highly reliable system that gave very few problems except 

occasionally when blocked by detritus.

Having made the association between the balance and hop perch units there was a 

requirement to devise an alternative means of recording feeding bouts. This was 

achieved by building separate microswitch feed perch units each incorporating a single 

switched perch. The design of these was essentially the same as the hop perches albeit 

with a longer pushrod. Although the perch itself functioned flawlessly, the information 

on feeding bouts was generally poor and variable, the reason being that birds often 

chose to land on the rim of the feed dish instead of on the perch that was provided.

There was little that could have been done to prevent this from happening. The final 

experimental cage configuration that was used in all studies in this thesis is given in 

figure 3.

Electronic balances: recording body masses

The balances used in this project were Sartorius PT-610s (Sartorius, Epsom, U.K.) fitted 

with optional serial data interfaces. These balances had a total weighing capacity of 610 

grams to 0.1 grams resolution. The serial interface was configured such that the balance 

outputted approximately five mass readings per second, in synchrony with its own LCD 

display. A user configurable option is to set the serial port only to output data when the 

reading is stable. This proved to be unreliable as what the balance considered stable 

often still reflected a bird that was shuffling around. The preferred option was to make 

the balance output data continuously, and allow the computer to determine (see later) 

what represented the true mass of a bird and what did not.

The top pan of the balance was removed and the hop perch unit glued directly onto a 

plastic sleeve that sat on the load cell. The whole balance/perch combination was then
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placed inside the experimental cage and the result was both unobtrusive and placed the 

hop perches at an ideal height from which the male zebra finches could display.

DataLog software

The data-logging program had to acquire and store data, simultaneously, from eight 

electronic balances and forty individual microswitch perches. The first step was to 

decide on a programming language to use and learn. I opted for Borland Delphi 

(ultimately version 5) which is a visual development tool for the Microsoft Windows 

environment. The word ‘visual’ refers to the manner in which the user interacts with the 

finished application. As is typical for most Windows applications the user is able to 

steer the program by means of pointing and clicking buttons and other objects using a 

pointing device. Delphi is a well-supported and widely used language that is generally 

regarded as surpassing Microsoft’s own visual programming language, Visual Basic.

Due to the amount of time that was to be invested in learning how to program, it seemed 

eminently sensible to learn a language that would continue to be useful above and 

beyond the scope of my PhD project, and this has proven to be the case.

The key elements to a visual language are the objects that appear on screen (and 

occasionally some that do not) and the programming code associated with them. 

Different objects are susceptible to particular actions, for example clicking or dragging, 

or alternatively system generated actions such as a timer event. Each event has an ‘event 

handler’ linked to it and the programmer can insert code into this handler such that the 

code is run each time the event occurs. The first and probably biggest hurdle of all, was 

figuring out how to interface all the hardware with the computer and then how and 

where to access the information in a useable form. For many weeks my key target was 

to be able to see a reading from an electronic balance appear on my computer screen. 

Although the ultimate goal was far more complicated, I knew that once I had a means of 

getting a mass reading into a variable in computer memory, I could realistically create 

the finished program.
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DataLog software: body mass data

Having eight balances all outputting data via serial ports posed a problem as far as 

interfacing them to the computer was concerned. One possible solution was to use a 

multiplex device. This would have involved connecting all eight balances to the 

multiplex device that would then be linked back to a single serial port on the computer. 

The computer or multiplexer would then execute a continuously looping scan of all 

eight balances and extract a reading from each in turn. This solution was not favoured as
n

it would have resulted in /g of the available data being lost.

The alternative was to create eight serial ports on the computer. Usually a personal 

computer is supplied equipped with two serial communications ports; COM1 and 

COM2. To create eight ports I used a serial communications expansion card (Amplicon 

PC231: Amplicon Liveline, Brighton, UK). Once installed and configured the computer 

had available its standard COM ports plus an additional eight (COM1 through COM 10 

in total). An eight way splitter box (equipped with eight 9 pin D-connectors) was built 

to connect to the 78 pin connector on the back of the expansion card, and each of the 

eight balances was connected via its own cable to the splitter box.

In order to address these ports from the software I used a serial communications 

component designed to operate within Delphi 2 (VSSComm32). This non-visual 

component mediated the communications between my finished program and the serial 

ports. Eight of these components, each corresponding to a separate COM port, were 

required. This component has an event handler called ‘OnReceiveData’ that fired each 

time a complete serial data word was received from the balance. It was into this event 

handler that the code to acquire and record the balances’ output was inserted. For an 

example of this code see lines 234 to 261 in Appendix 1, which is a complete listing of 

the DataLog program.

A schematic diagram showing the execution of code within an ‘OnReceiveData’ event 

handler is given in Figure 4 in the form of a flowchart. The first task for the program 

was to read the balance output from a COM port’s memory buffer into a local variable. 

In order for the program to determine whether the balance output was stable or not it 

kept a rolling record of previous mass values. To do this in practice only the
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penultimate mass value needed to be recorded and a count was made of the number of 

consecutive values that had been the same. Various measures of stability were tried and 

tested but ultimately I settled for one where 8 consecutive identical values were 

necessary before the software treated a balance output as being truly stable. This 

corresponded to a reading having been stable for approximately two seconds. Each time 

the balance output changed, the ‘counter’ variable was reset to zero and only when it 

was greater than or equal to 8, did the program treat the reading as having stabilised.

Once the code had determined that stability had been reached, the current balance 

reading was stripped down, character by character, to just the key numerals (discarding 

other non-numeric characters that the balance unavoidably sent). The program then 

determined whether the stable reading it had captured corresponded to the mass of a 

bird plus ‘tare’ (bird on perch) or purely ‘tare’ (no bird on perch). The balances could 

drift by several grams over the course of an experiment and they were rarely manually 

zeroed as this was unnecessary and could cause transient problems for the software 

routine involved in discriminating mass output.

The rule to determine if the reading was ‘bird’ or ‘tare’ simply involved checking 

whether or not the reading was less than +5g and greater than -5g. If this test returned 

true then the current reading was treated as ‘tare’ and the routine reset such that it 

waited for the balance to output a new value. If the test returned false the program 

checked whether the current value, less the currently stored ‘tare’, was greater than lOg 

(i.e. was a realistic zebra finch’s mass). If this test returned true then the value was 

written to the appropriate textfile along with the current time of day.

Many different discrimination rules were employed throughout the course of the project 

but the one described above was one of the least complicated but also one of the most 

reliable. It makes the assumption that an adult zebra finch will never weigh less than 10 

grams (in practice the lightest individual I came across was slightly heavier than 12 

grams) and it also relies on the balances never drifting more than ± 5g . In practice the 

amount of drift never approached this value and a daily check ensured that those 

balances that had drifted noticeably were reset to zero. Finally, the routine assumed a 

reading was stable when the same value had been output eight consecutive times
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(equating to approximately two seconds). This was a conservative rule and therefore 

ensured that high or low mass outputs caused by birds moving on the perch were never 

erroneously recorded.

Records were written to the appropriate textfile in the format ‘time of day in 

milliseconds, mass of bird in grams (to an precision of 0. lg) & time of day in format 

‘hh:mm:ss\ The time of day information was written to file twice as the first 

(milliseconds) format was more convenient for post-hoc processing routines, and the 

second (hh:mm:ss) format was more readable if I required to browse a file manually. 

Each experimental cage had a unique textfile created automatically every day, the 

filename of which incorporated the identity of the cage and the date. This greatly 

simplified the organisation, compression and analysis o f the data being generated.

DataLog software: hop perch data

The other main type of information that had to be accessed and logged was the data 

from the hop perches and feed perches. Detecting the on/off status of a microswitch 

perch was achieved using a 48 line digital input/output expansion card (Amplicon 

PC214E) which was installed in the computer. Each of the 48 channels had two possible 

states: either high (binary 1) or low (binary 0). In electronic terms, a high state occurred 

when the input was between +2.2 and +5.3 volts, and a low state occurred between -0.5 

and +0.8 volts. By using the +5.0 volts supply from the computer it was possible to wire 

the perches such that a bird landing on one caused the corresponding input channel to 

go from low to high (+5.0 V), as shown in figure 5. Each individual hop perch and feed 

perch unit was wired back to a splitter box, and a multi-way cable (32 lines for hop 

perches and 8 for feed perches) was run from there back to the 78-pin connector on the 

rear of the expansion card.

The status of switches was reflected by the output from the registers of the I/O card, 

which was available directly to the central processing unit (CPU) of the computer. The 

software read the data in the form of five individual data words that were in decimal 

format. These decimal strings were converted using a custom-written software routine, 

to binary equivalents containing eight characters, each of which represented the on/off 

status of a particular switch.
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Although the status of switches was changing constantly this was not used to trigger an 

event handler within Delphi. Instead, the code that read the switch statuses and logged 

perch movements was inserted within the ‘OnTimer’ event handler of a Timer 

component, which meant that all perches were queried at a preset time interval. This 

timer was set to fire every 30 milliseconds and each time it fired it scanned the status of 

each of the 40 perches. Nearly 450 lines of code resided within the ‘OnTimer’ event, 

therefore every time the event occurred there was a significant burden on the processor. 

30 milliseconds was chosen as the period for the timer as a compromise between 

limiting the workload of the processor while preserving the accuracy of the data. The 

maximum error that could have occurred in the recording of the time spent on a perch 

was plus or minus 60 milliseconds and this was regarded as being completely 

acceptable. Whenever a switch was activated by a bird landing on a perch the software 

noted the ‘On’ time such that when the bird left that perch again the time spent on it 

could be calculated by simple subtraction. This information, together with the identity 

of the perch and the time of day, was written to the appropriate textfile. In the same way 

as for the mass data, a unique textfile was created every day to record each birds’ use of 

the different hop perches and feed perch. A schematic diagram showing the execution of 

code within the ‘OnTimer’ event handler is given in the form of a flowchart (Figure 6). 

An example of a single instance of this code can be found in Appendix 1, lines 584 to 

606 (note that there are in total 40 instances of similar code, corresponding to the 40 

perches).

A screenshot from the DataLog program is given in figure 7, in order to illustrate the 

graphical interface and the information that it presented to the user.

FileParse software development

This piece of software was developed as an aid to the organisation and analysis of mass 

and hop data. The textfiles that contained the raw data were often very large with 

thousands of lines of information, and it quickly became apparent that I required a 

means of condensing them into a standardised and more useful format. The FileParse 

program was gradually expanded over the course of my project, to the extent that it
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finally contained seventeen discrete routines forming in excess of 2,200 lines of 

programming code in total.

Each routine performed a very specific function. The majority read through a data file 

and then wrote the condensed information into a new file with its name deriving from 

the source data file. In these cases the original source data were always preserved so that 

the full depth of information was never lost, should it have been required again at a later 

date. In this section I describe the key routines that were written, and their functions.

The most important routines were generally also the most complex and I begin with 

these and discuss less important or redundant routines last. The headings used 

throughout this section relate to the abbreviated names of the routines as shown on the 

control buttons (see figure 8).

‘Transform File- Perch Data’ routine

This was one of a number of key functions of the FileParse program. This routine 

condensed the hop perch information for one bird (sometimes comprising more than 

17,000 records daily) into the total number of perch movements during a minimum of 

24 and maximum of 144 periods covering the whole day. The temporal distribution of 

the periods was user defined. Throughout my work I have typically defined a day as 

comprising 48 half hour intervals. These intervals were set up using the panel located at 

the bottom right of the FileParse window (‘Set up hourly time intervals’). The user 

could move through each hour of the day (numbered 0 through 23) to confirm or change 

the number of intervals into which that hour was divided. To change the value for any 

given hour the user simply typed in the new value and clicked the ‘Select time interval 

fo r  each hour’ button. Once all the values were set up as desired the user clicked the 

‘Set time intervals as selected’ button and the new values were then stored permanently 

until edited again.

So that the user did not have to redefine the desired time intervals each time the 

program was run, I employed a programming device called an ‘ini’ file (.ini file 

extension). This is a Windows feature whereby information is stored in a special textfile 

on the hard disk. The program knows the location of the ini file and retrieves 

information by specifying the value it requires and the grouping into which it falls. In
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this case there were two groups of information; ‘Timelntervals’ and ‘SecondGaps’. The 

first was a permanent record of the number of intervals for each given hour of the day 

and the second was a reference list giving the time in seconds from the beginning of the 

day when each interval started and ended (calculated according to the specified number 

of intervals in a given hour). Whenever the user selected new time intervals the ini file 

was automatically rewritten to reflect those changes.

A relatively late addition to this (and other) routines was a feature whereby the program 

could be set to parse all files in a given folder whose date identifier fell within user 

defined start and finish dates (see bottom-left panel of fig. 8). This meant that the perch 

data files (as an example) from a complete experiment could be placed into their own 

folder and a start and finish date keyed in. When the button was pressed the program 

automatically sought a file for cages 1 to 8 on each of the specified days. Wherever a 

file or group of files did not exist they were skipped over until the program found the 

next one that did exist. The code that carried out this task was complicated. To enable 

the program to sequentially move from day to day (involving transitions from month to 

month and also from year to year) it had to be aware of the numbers of days in each 

month and when to click over to the next year. This piece o f code was written in the 

format of a function, which is a piece of code that carries out a calculation on a received 

value or string and returns a value accordingly. In this case the function NextDayOfYear 

received a date in the format ‘dd mm yy’ and it calculated the following day in the same 

format.

Prior to starting the Transform File-Perch Data routine, the user browsed to the folder 

containing the data that required to be condensed. When the desired folder was selected, 

and the start and end dates were defined, the user clicked the ‘ Transform File-Perch 

D ata ' button to begin the process. The code began by looking for a file for cage 1 on the 

start day that was selected. If this file did not exist the code then looked for a file for 

cage 2 on the start day and so on until the first file in the sequence was found. The code 

continued in that manner, scanning for files for cages 1 to 8 for all o f the specified days. 

When a targeted file was found to exist, the main body of the routine began. The code 

firstly made a preliminary reading of the whole file to determine the number of lines it

; contained and stored this value. Having done this the program referred to the .ini file

! and requested the start and finish times, in seconds, of the first interval. The code then
iI
j
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began at the start of the datafile again, this time reading in the time of day in seconds for 

the line that corresponded to the time at which the first single hop began. A check was 

made to see if this time fell within the start and end times of the first interval. If it did 

not then the program wrote a value of zero to the results file for the first interval, and 

requested (from the ini file) the start and finish times for the second interval and again 

checked to see if the current perch movement fell within that interval. This process 

carried on until the interval for the first perch movement was found.

At this point a counter variable was incremented by one and the program proceeded to 

read in the next line from the data file. The time was once again checked against the 

start and finish times of the current interval, and so on. The program totalled the number 

of hops for the given interval and when it next read a time that did not fall within the 

current start and finish times, the code wrote the total number of perch movements for 

the given interval into the results file and it clicked forward to the next interval as 

defined by the ini file. The code continued in this manner until each line from the data 

file was read and a total number of perch movements for each interval had been written 

to the results file. Once this was achieved the results file was closed, all counters were 

reset to zero (as applicable) and the program moved on to the next data file in the 

sequence. Each results file was uniquely named as a derivative (prefixed by ‘Modi’) of 

the data file that spawned it, thereby keeping its unique date and cage number 

identification tags.

In summary, by clicking a single button, it was possible to quickly and conveniently 

condense any number of perch data files into a compact and readily analysable format, 

giving measures of the rate of display hopping activity for specific intervals covering a 

whole day. A schematic diagram showing the execution of code within the 

‘ TransformFile-PerchData ’ event handler is given in the form of a flowchart (Figure 9) 

and the code for this routine can be found on lines 480 to 613 of Appendix 2 (which 

lists the complete FileParse program).
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‘Transform File- Mass Data’ routine

This was the second key function of the FileParse program. This routine was designed 

to condense the body mass information into a series of mean values corresponding to a 

minimum of 24 and a maximum of 144 periods covering a whole day. Typically there 

were about 300 to 600 mass records stored for a given bird in any one day. The amount 

of information stored was dependent on the amount of time spent on the hop perches 

and the activity of the bird. A more active bird typically generated fewer stable mass 

readings. In exactly the same manner as for the ‘ Transform File- Perch Data ’ routine, 

the distribution of the time intervals over which mean body masses were calculated was 

user defined. In the case of the mass data it was decided that each day should also be 

sub-divided into 48 half hour intervals.

As with the perch data parsing routine, this routine also automatically parsed all files 

within a chosen folder provided that they fell within pre-selected dates. The main body 

of the mass file parsing routine began by counting the total number of lines in the 

current data file. The code then returned to the beginning of the data file and read the 

first line into memory. The standard mass data file contained three elements per line, 

namely; the time of day in milliseconds, the mass in grams and the time of day in 

standard ‘hh:mm:ss’ format. These three elements were separated by commas and it was 

these commas that the routine first sought to locate, so that it was able to determine 

which characters in the string related to the mass value and which to the time of day in 

seconds. These digits were then sequentially read into the appropriate variables.

The routine then referred to the ‘ini’ file and read in the start and end times for the first 

interval. If  the time reading from the current line of the data file fitted into the first time 

interval then the mass reading was added to a variable that kept a running total of mass 

for that interval. At this time a counter variable was also incremented by one. Once all 

the mass readings for a given interval had been extracted, the running total mass value 

was divided by the number of readings that contributed to it to generate a mean value 

for body mass, which was stored to the results file.

In summary, by clicking a single button, it was possible to quickly and conveniently 

condense any number of mass data files into a compact and readily analysable format,
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giving measures of the mean body mass for specific intervals covering a whole day. A 

schematic diagram showing the execution of code within the ‘ TransformFile- 

MassData’ event handler is given in the form of a flowchart (Figure 10) and the code 

for this routine can be found in Appendix 2, lines 294 to 469.

‘Combine Files’ routine

This routine saved an enormous amount of time in processing all o f the data files. 

Having been parsed, all data were imported into Microsoft Excel where they were 

organised and graphed as required, prior to being exported to a statistics package for 

analysis. Opening a textfile into Excel was a cumbersome task requiring the operator to 

specify if and how a file was delimited before the application would open it. Each 

experimental cage generated three (hop perch file, feed perch file and mass data file) 

separate data files each day equating to twenty-four data files in total for each day that 

an experiment ran. Prior to devising this ‘Combine Files’ routine it was necessary to 

individually open/import each file into Excel before embarking on a very laborious 

cutting and pasting operation to combine them. I therefore devised this novel routine to 

allow me to combine all the textfiles for a given experiment and import them into Excel 

in one single operation, so saving time. The manner in which I required to combine the 

files is illustrated in figure 11.

This process required to be iterative such that multiple files (which, having already been 

subject to a post-hoc process, were of equal length) could be combined on a row by row 

basis. The routine that I created allowed the user to specify the name of the (final) 

results file. Having done this it was a simple matter of browsing to the first file that was 

to be included in the results file and clicking the ‘Combine Files ’ button. This procedure 

could be repeated any number of times. The routine worked with three open textfiles at 

any time. One of these was the file currently being added, one was the results file and 

the final one was a temporary read/write file. The routine began by reading in the first 

line from the results file into memory as a string variable. If the routine was being run 

for the first time for a specific results filename then the results file would have been 

initially empty, alternatively it would have contained some text. Having read from the 

results file, the routine then read the first line from the file that was to be added and 

placed it in memory as a string variable. These two strings were then concatenated

40



(separated by a semicolon so that Excel could recognise the breaks) and this resultant 

string was written into the temporary file location.

This process was repeated until all the lines of the file to be added had been read. At 

that stage the file being added and the results file were unchanged from the start of the 

routine, however, the temporary file contained the cumulative data from those two. The 

order in which they were added was the results file data followed by the data from the 

file to be added (i.e. the last data to be added was to the right). The routine then cleared 

the results file and opened it ready for writing. Each line from the temporary location 

was read firstly into memory and then written over into the results file such that a copy 

of the temporary file was created in the location of the results file. When this process 

was complete the temporary file was cleared and closed and the results file was saved 

and closed.

The process was then complete with the desired file having been added to the 

cumulative results file. There was no practical upper limit to the number of times this 

process could be iterated such that all the data for a given experiment could be 

accumulated in a specific order in a single textfile for extreme ease of import into Excel 

or another application. A schematic diagram showing the execution of code within the 

‘ Combine Files' event handler is given in the form of a flowchart (Figure 12) and the 

code for this routine can be found in Appendix 2, lines 965 to 1008.

‘Mass Gain Per Intervaf routine

This routine calculated the average rate of mass gain (either positive or negative) over 

every half hour interval throughout the day. The output generated by this routine for 

various files was therefore uniform in length with an equal number of comparable data 

points, which simplified the analysis process.

Since the temporal arrangement of mass records was essentially random, the routine 

required to seek the nearest start and finish mass, and start and finish time to suit the 

interval for which a mass gain rate was being calculated. This was achieved by the 

program sequentially reading through the raw data file and checking when the time 

difference between the time from the current line and the reference time for the current
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interval, flipped from positive to negative. The first ‘time from file reading’ to give a 

positive difference and the last to give a negative difference were the two closest to the 

reference time in question. By comparing the absolute difference between the two 

nearest times and the reference time the closest was found, and it was this value that 

was used to evaluate the mass gain rate for the interval in question.

The change in mass and the exact difference in time between the measurement points at 

the beginning and end of the interval were calculated and from this the rate of mass gain 

was found. The information written to the textfile was the current interval end time, the 

actual end time (i.e. the time of the nearest record to the nominal end time) and the mass 

of the bird at the actual end time. A schematic diagram showing the execution of code 

within the ‘Mass Gain Per Interval event handler is given in the form of a flowchart 

(Figure 13) and the code for this routine can be found in Appendix 2, lines 1196 to 

1328.

‘Rate Of Mass Gain’ routine

This routine is similar to that described above except that it calculated the rate of mass 

gain between each mass reading and the subsequent reading. Whereas the standard 

parsed mass data allowed the overall trajectory to be viewed, the information created by 

this routine allowed the rate at which mass was being gained or lost to be considered 

throughout the day.

The routine read through the raw mass data files in the usual sequential manner, 

extracting the current mass and time. The code kept a rolling record of the previous 

mass and the time of day associated with it. Using this information the routine 

computed the change in mass over a given change in time and for these values a value 

for the rate of mass gain was evaluated. This value was written to file along with the 

time of day to which it related.

The data generated by this routine were not readily analysed, as the times of day at 

which mass gain rates were calculated, and the number of records per bird or per day, 

varied from file to file. As a consequence the data were cumbersome to graph or 

compare and they had limited value. This is in contrast to the ‘Mass Gain Per Interval ’
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routine described above. The code for this (the ‘Rate o f Mass Gain’ routine) routine can 

be found in Appendix 2, lines 618 to 689.

‘Prop Hops Per Perch Per Day1 routine

This routine was designed to compute the number of hops (expressed as a proportion of 

the total) on each of the four display perches for a given bird on a given day. This 

allowed comparisons to be made between treatments as to differential perch usage.

This routine condensed all the perch data from an entire experiment into a single textfile 

that was then easily imported into Excel. Having selected the folder containing the raw 

perch files, and with the required date range defined, a single button click automatically 

accessed all the data and calculated the perch usage information. The output file 

contained a single line per cage per day, listing the proportion of total hops made on 

each of the four perches followed by the cage identifier followed by the date. This 

format, and the fact that all the information was now in one file, made the summarised 

data very easy to work with.

The routine worked by sequentially reading through the perch data files and extracting 

the perch identifier information from each line. A running total was kept for each file of 

the number of instances on which each perch was used. When a file had been 

completely read the proportions were calculated and written along with cage identifier 

and date to the results textfile. Any number of raw data files could be condensed into a 

single results file by a single button click. While there is no schematic diagram of the 

flow of execution for this routine, the code can be found in Appendix 2, lines 1511 to 

1600.

‘Condense Perch TB’ and ‘Condense Feed TB’ routines

In addition to the individual hop perch data that was gathered for each cage, a single file 

was written at a specified interval (usually every ten minutes) which recorded perch 

time budget information. For a given time period, the DataLog program recorded the 

time spent by each bird on its hop perches and feed perch, the proportion of time spent
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on the hop perches or feed perch and the total number of perch movements for each type 

in that period.

The design of the DataLog program meant that excess information was being written to 

the time budget files. This routine simply removed this superfluous data and wrote a 

more condensed results file that contained only the proportion of time spent by each 

bird on the display/feed perches and the time interval to which that applied. There are 

no schematic diagrams of the flow of execution for these routines, however the code can 

be found in Appendix 2, lines 1358 to 1430, and lines 1434 to 1506.

‘Condense Every Bal Output routine

This routine was used to remove lines from the mass data files that did not represent 

stable balance output. For a period during its development the DataLog program was 

recording every balance output without applying any corrections to the incoming data. 

This is in contrast to the initial and latter designs in which the DataLog program 

corrected for drift before writing ‘clean’ mass readings to the text file.

During the time when the DataLog program was recording every balance output, a 

running total of the number of consecutive identical outputs was kept and only when the 

output changed did this trigger the program to write the output to the results file. Each 

line of the results file had a value denoting how many times that particular output 

occurred. In order for an output to be assumed to be stable, there had to be more than 20 

repeats, which was in fact a highly conservative figure. This was based on a period of 4 

seconds during which the output (5 outputs per second) remained stable. This routine 

simply read through each textfile and extracted the value for the number of repeats that 

occurred. Only those lines with more than 20 repeats were written to the results textfile. 

Note however that the results file did not contain corrected mass readings, rather, it 

contained all stable values whether they represented drift or bird mass plus drift. A 

separate routine was then used to calculate actual bird mass values.

The DataLog program was not used in this manner for a long period as the output files 

were unnecessarily cumbersome and required excessive post-hoc processing. The 

program was modified, based on an improved version of the original design, such that



all drift corrections were carried out prior to any data being written to file. There is no 

schematic diagram of the flow of execution for this routine, but the code can be found in 

Appendix 2, lines 693 to 767.

‘Correct Mass For Drift routine

This routine was designed as an adjunct to the above routine to remove the effects of 

drift from the mass data files. This was only necessary for a limited period of time 

during which the DataLog program was configured to write every balance output to file. 

The routine sequentially read through the files containing every balance output and 

extracted the mass and time information for each line. By keeping a rolling record of 

previous masses, the routine was able to use a standard set of rules to determine whether 

the present mass reading represented drift, or bird mass plus drift. Corrected masses 

were then written to the results text file. The code can be found in Appendix 2, lines 853 

I to 958.

|
This adjustment is now made by the DataLog program prior to writing any data to file. 

DawnDusk Software Development
i
I
I Due to the nature of the experiments, and the room in which they were taking place, it

! was regarded as important to be able to accurately control the lighting and temperature

to which the birds were subjected (see chapter 3). The building where the birds were 

housed was light-sealed and as such all the ambient lighting was artificial. In such a 

situation it is not uncommon to have the room lights turned on and off, in unison, by an 

electro-mechanical timer. Although such devices permit accurate control over the 

light/dark photoperiod, they create a situation of increasing/decreasing light intensities 

completely unlike anything that would ever be encountered in nature. Given that some 

of the most interesting behaviour, in terms of courtship behaviour and the trade-off 

between this and foraging, typically occurs at dawn and dusk, it was apparent that some 

attempt to replicate natural conditions could be beneficial.

1 decided that I would seek to have a slowly increasing and decreasing light level at 

dawn and dusk respectively, as opposed to an all-or-nothing lighting regime. The
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obvious way of achieving this was, at first glance, to employ dimmer devices. There 

were two problems with this approach. Firstly, the majority of the ambient light was 

provided by fluorescent strip lights, and it is difficult and expensive to reduce their 

output reliably. Secondly, there was the problem of how to automate the function of a 

dimmer device.

The solution I chose was to construct an array of low-power incandescent light bulbs 

that were capable of being switched independently, such that the light level could be 

increased or decreased by turning lights on or off in sequence as appropriate. The 

switching of the lights was mediated by a reed-relay PC expansion card (Amplicon 

PC263) which provided 16 switched outputs. A linear array of 8 standard batten lamp 

holders, spaced at 200mm intervals, was mounted on a board, and each holder was 

equipped with a 60W tungsten lightbulb. These, together with 6 fluorescent striplights 

(58W each), and a pair of 300W halogen floodlights provided all the light within the 

experimental environment. Ten switching events acted on these light sources in the 

following order; each of the 8 tungsten lightbulbs (individually), then all six fluorescent 

striplights in unison, and finally both halogen floodlights also in unison. When switched 

in this sequence the pattern of light level was intended to mimic dawn, and the reverse 

sequence mimicked dusk (see chapter 3, figure 2 for details of the relative changes in 

intensity).

The PC263 relay card was only rated for switching loads of up to 15 W, which was 

below the minimum requirement of most of the devices being switched. To overcome 

this I used intermediate relays on all those switching channels that were used. These 

intermediate relays were rated at up to 5A at 250 volts, and their switching coils were 

12 volts DC. A separately cased bank of eight relays was used to switch the linear array 

lights with individually cased relays switching the fans, fluorescent strips, floodlights 

and sealed unit devices (fans and lights). These intermediate relays were themselves 

switched by a low voltage power supply routed through the PC263’s relays. A major 

advantage and safety feature of this was that the 240 volts mains supply was kept 

isolated from the reed relay PC263 board/computer and that the multi-core cabling 

running from the rear of the relay board was carrying only low voltages.
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The relay board was also used to control the temperature within the experimental 

environment. In order to achieve this, the laboratory computer had to be temperature- 

aware. This was made possible using a thermometer device (Pico Technology TC-08, 

Cambridgeshire, UK) which connected to the PC via one of its spare serial ports. This 

device had a capacity for the connection of up to eight thermocouples from which 

temperature readings were passed as serial data, and as such were accessible to 

software. In order to adjust the temperature, the relay board was used to switch a pair of 

extractor fans, which were located in either end of the building. Via the software 

interface, the user was able to define the required temperature. The maintenance of this 

temperature was partially achieved by the simple thermostatic controls on the heaters 

used in the room, but was further assisted by thermostatic control of the ventilation. If 

the temperature exceeded the desired level, the extractor fans were turned on, and being 

located high in the roofspace they quickly reduced the temperature by expelling hot air 

and drawing cooler air in from outside. Conversely, if the temperature fell below the 

optimum level, the fans were turned off and heat was conserved within the building. In 

addition, the PC263 board was employed to control the lights and ventilation in the 

sealed unit that was used to house birds whose sense of time was being desynchronised 

(see chapter 5 for details).

The software used to control the lighting and temperature within the experimental 

environment was referred to as DawnDusk. Although this application was also involved 

with temperature and ventilation, its main role (as its name suggests) was to control the 

lighting regime, and it is with this that I shall deal first. The user interface (figure 14) 

allowed the user to define the lighting regime and the associated parameters. At the 

highest level there was an option to select either a rectangular regime or a sigmoidal 

regime. A rectangular regime refers to a situation where all the lights came on and went 

off in unison, as would occur in a simple mechanical timer setup. If this option was 

selected then the only relevant parameters for user input were the ‘Time of first light’ 

and the ‘Daylength in hours’. The sigmoidal regime was intended to replicate the 

natural exponential increase and decrease in light level associated with dawn and dusk. 

The user was again required to define the time of first light and the daylength. The time 

of last light was simply the time of first light plus the numbers of hours of daylength 

that was specified. The user also specified the required duration of the dawn and dusk
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periods and this setting determined how long the sigmoidal period lasted (i.e. from the 

first switching event through to the final event).

There were also parameters associated with lighting events within what was termed the 

‘Sealed Unit’. The sealed unit refers to a specially constructed cage that was equipped 

with its own lighting and ventilation. The lights in this environment could be set to 

switch on or off independently of the rest of the experimental environment. The sealed 

unit was so-called as the front of the cage was blacked out with a heavy black polythene 

curtain. This allowed the birds in this cage to have their time-frames precisely 

manipulated independently o f the prevailing time of day (see chapter 5).

When the program was first run or the dawn/dusk parameters were altered, the times of 

each switching event were placed in memory. The code that carried out all of the 

switching events was run twice a second and each time it ran it performed a check to see 

if any of the specified switching times matched the current real time. If the real time 

matched a specified time for a switching event then that event occurred and a line of 

text was added to a textfile to specify the identity and status of the light that was 

switched, and the time and date at which it occurred. This ensured that a permanent log 

was kept of the lighting conditions on any given day. For testing purposes, the software 

displayed the status of all of the lights and fans on screen, and allowed each channel to 

be manually overridden by an on-screen button click. The program also gave an on­

screen display of the current temperature (for both the main room and the sealed unit). 

These were updated once a minute and at the same time both temperatures were written 

with times and dates to a textfile, so that a permanent record of temperature was 

available. The temperatures were compared against the selected cut-out temperatures 

and the sealed unit fans and main room fans were switched on or off as appropriate.

A full listing of the code for all the routines within DawnDusk is provided in Appendix 

3.
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Figure 1. The original experimental cage design, as viewed from above. F = feed 

hopper, B = electronic balance mounted beneath feed perch, OB = opaque baffles, MP 

microswitch perches, S = stimulus cage. Heavy bars represent perches, dotted lines 

represent wire cage front and Perspex panel separating courtship and stimulus 

compartments. Shaded circles are food and water dishes.
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Figure 2. Side elevation o f  microswitch perch mechanism (boxed). P = perch, PR = 

Teflon pushrod, B = PVC bush, MS = long-lever PCB mount microswitch. Two out of  

four perches are shown for clarity.
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Figure 3. The revised experimental cage design, as viewed from above. F = feed 

hopper, OB = opaque baffles, MP = microswitch perches mounted on top of electronic 

balance, S = stimulus cage. Heavy bars represent perches, dotted lines represent wire 

cage front and Perspex panel or wire mesh separating courtship and stimulus 

compartments. Shaded circles are food and water dishes.
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Figure 4. Flowchart diagram showing flow of execution for an ‘OnReceiveData’ event 
handler within the DataLog program. For an example of the code for this event see 
Appendix 1, lines 234 to 261.

Note: where there are two possible pathways, a down arrow represents ‘yes’ and an 
arrow to the right represents ‘no’.

Let ‘tare’ equal ‘current’

Reset ‘counter’ to 
zero

Is ‘current’- ‘tare’
greater than 10 ?

Is ‘current’ less than 5 or 
greater than -5 ?

Does ‘current’ equal 
‘previous’ ?

Read balance output from 
buffer into variable ‘current’

Write ‘current’ and ‘time 
now’ to relevant textfile, 

and reset ‘counter’ to zero

Increment ‘counter’ by 1

Does ‘counter’ equal 8 ?

Variables:
‘current’ is most recent output from electronic balance 
‘previous’ is the penultimate output from the balance
‘counter’ tracks stability by counting the number of identical consecutive readings 
‘tare’ represents the present level of drift from zero in the balance’s output 
‘time now’ is the current time of day
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+5.0V

Group of 4Computer Interface
(PC214 I/O Card) Microswitches

Figure 5. Schematic wiring diagram of a group of four microswitch perches. In total 40 

input lines were required overall for the eight display perch units and the eight 

individual feed perches. A common wire carried +5.0V. Each time a switch was 

activated it set the corresponding input of the I/O card to ‘high’.
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Figure 6. Flowchart diagram showing flow of execution for an ‘OnTimer’ event 
handler (within the DataLog program) which scans status of all microswitch perches. 
For an example of a single instance of this code see Appendix 1, lines 584 to 606.

Note: where there are two possible pathways, a down arrow represents ‘yes’ and an 
arrow to the right represents ‘no’.

Does ‘flag’ equal 
True?

Let ‘flag’ = false

Display status of each 
perch on screen

OnTimer event fires every 
0.03 seconds

Read Data Words from I/O 
card and convert to Binary

For each of 40 switches, ask: 
Is Switch On?

Write ‘PerchlD’, ‘OnTime’ 
and ‘DurationOfHop’ to

relevant textfile

Else i f ‘flag’ = true just continue

I f ‘flag’ = false then
{ let flag’ = true and
let ‘OnTime’ -  ‘TimeNow’ }

Variables:

flag’ is a Boolean variable which shows True while a bird is alighted on a perch (i.e. 
during a hop) and reverts to False when the perch is released. It serves as a marker that a 
hop is ongoing.
‘TimeNow’ is the current real time of day
‘PerchlD’ is the identifier of the particular perch. Within a display perch unit each of 
the four perches is uniquely identified.
‘OnTime’ is the real time at which a hop began (i.e. bird first alighted) 
‘DurationOfHop’ represents the length of a hop in milliseconds. At the moment this 
variable is written it is equal to ‘TimeNow’ -  ‘OnTime’ (i.e. the present real time 
minus the time at which the bird first alighted on the perch)
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Figure 7. Screenshot o f  the DataLog program. Top-left panel allows logging operations 

to be started/stopped and periodicity o f  time-budget logging to be set. Top-middle panel 

shows real-time status o f  the 32 hop perches (in eight banks o f  four), top-right panel 

shows real-time status o f  the eight feed perches. Bottom panel shows real-time 

uncorrected balance outputs, extent o f  drift, and corrected mass value.
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|C a g e l [01 03 99] Total Duf-iiton Rale ol Mo;̂  Ga<n

interrupt̂ ) PatseTetnpetaluteFfe j PtopHĉ aF'efPetch i: WeaftHopGapC.Xtood
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Figure 8. Screenshot o f  FileParse program to illustrate the graphical interface. Top- 
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contains controls for mass data parsing operations. Bottom-left panel sets date range to 

allow data from an entire experiment to be parsed by one button click. Bottom-right 

panel allows the pattern o f  intervals used for parsing operations to be set up.
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Figure 9. Flowchart diagram showing flow of execution for the ‘TransformFile-PerchData’ event 
handler (within the FileParse program) which transforms a series of raw perch data files into a measure of 
hops per interval (i.e. hop rate). The full code for this function can be found in Appendix 2, lines 480 to 
613.

Note: where there are two possible pathways, a down arrow represents ‘yes’ and an arrow to the 
right represents ‘no’.

Variables:

Does ‘flag’ 
equal true?

Click Button 
to Start

Skip Forward to 
next day of year

From .ini get next 
start/finish times

Write zeroes for 
remaining 
intervals.

Increment ‘counter’ and 
let ‘flag’ - true

Does time fall within 
start/finish times ?

Increment ‘counter’ and let 
‘flag’ = true

If at end of 
‘DateRange’ then End

From .ini file get start/finish
times for interval

I f ‘flag’ equals false 
then write zero for 

current interval

Read line from Data File. Does 
time fall within start/finish ?

Check for next Data File in 
‘DateRange’. Does File Exist?

Read next line from Data 
File. Is there still Data to 

read from file ?

Write ‘counter’ value to results file for 
current interval and let ‘flag’ = false 

and let ‘counter’ = 0

DateRange’ is a user defined pair of dates between which the program will automatically search for raw 
data files.
‘start/finish’ are read from the .ini file and define the intervals into which the day is to be subdivided (for 
the purposes of all analyses this is 48 half hour intervals)
flag is a Boolean variable that indicates whether any hops have fallen within the current interval as 

defined by the .ini file.
counter’ keeps a running total of hops within a given interval.
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Figure 10. Flowchart diagram showing flow of execution for the ‘TransformFile-MassData’ event 
handler (within the FileParse program) which transforms a series of raw mass data files into a measure of 
mean mass per interval. The full code for this function can be found in Appendix 2, lines 294 to 469.

Note: where there are two possible pathways, a down arrow represents 'yes’ and an arrow to the 
right represents ‘no’.

Variables:

Click Button 
to Start

Skip Forward to 
next day of year

counter’
> zero ?

From .ini get next 
start/finish times

Write zeroes for 
remaining 
intervals.

Does ‘time’ fall within 
start/finish times ?

If at end of 
‘DateRange’ then End

From .ini file get start/finish
times for interval

Check for next Data File in 
‘DateRange’. Does File Exist?

Read next line from Data 
File. Is there still Data to 

read from file ?

Increment ‘counter’ and let 
TotalMass’ = 

‘TotalMass’ + ‘mass’

Increment ‘counter’ and let 
‘TotalMass’ = 

‘TotalMass’ + ‘mass’

Read ‘mass’ and ‘time’ from 
Data File. Does ‘time’ fall 

within start/finish ?

I f ‘counter’ equals zero then 
write null mean mass for current 

interval

Write ‘TotalMass’ div ‘counter’ value to 
results file for current interval and let 
‘counter’ = 0 and let ‘TotalMass’ = 0

‘DateRange’ is a user defined pair of dates between which the program will automatically search for raw 
data files.
start/finish’ are read from the .ini file and define the intervals into which the day is to be subdivided (for 

the purposes of all analyses this is 48 half hour intervals)
TotalMass’ is a running total of all the values for ‘mass’ within the current interval 
counter’ keeps a running total of the number of ‘mass’ readings within a given interval and is 

subsequently used to calculate mean mass from ‘TotalMass’.

i
i
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1st cycle 

Initial File 1st to Add Resultant File
day 1 mass 1

day 1 mass 2

day 1 mass 3

day 1 mass 4

day 1 mass 5

2nd cycle

Resultant File

day 2 mass 1

day 2 mass 2

day 2 mass 3

day 2 mass 4

day 2 mass 5

day 1 mass 1 day 2 mass 1
day 1 mass 2 day 2 mass 2

day 1 mass 3 day 2 mass 3

day 1 mass 4 day 2 mass 4

day 1 mass 5 day 2 mass 5

Next to Add New Resultant File
day 1 mass 1 day 2 mass 1

day 1 mass 2 day 2 mass 2

day 1 mass 3 day 2 mass 3

day 1 mass 4 day 2 mass 4

day 1 mass 5 day 2 mass 5

+

day 3 mass 1

day 3 mass 2

day 3 mass 3

day 3 mass 4

day 3 mass 5

day 1 mass 1 day 2 mass 1 day 3 mass 1

day 1 mass 2 day 2 mass 2 day 3 mass 2
day 1 mass 3 day 2 mass 3 day 3 mass 3
day 1 mass 4 day 2 mass 4 day 3 mass 4
day 1 mass 5 day 2 mass 5 day 3 mass 5

etc...

Figure 11. Diagram indicating how ‘CombineF'ties’ routine sequentially combined 

individual textfiles into one cumulative, semicolon-delimited file. Each individual table 

represents a single textfile. Any number of equal length textfiles could be combined in 

this manner.
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Figure 12 Flowchart diagram showing flow of execution for the ‘CombineFiles’ event 
handler (within the FileParse program) which allows unlimited textfiles of equal length 
to be added to one another, side by side. The full code for this function can be found in 
Appendix 2, lines 965 to 1008.

Note: where there are two possible pathways, a down arrow represents ‘yes’ and an 
arrow to the right represents ‘no’.

Click Button to Start

Close all files 
then End

Is ‘New’ < > null ?

Is ‘Swap’ < > null ?

Initialise ‘New’ < > null

Write ‘Cumulative’ &
‘New’ to line in ‘Temp

Read line from ‘FileToAdd’ 
into ‘New’ variable

Read line from ‘ResultFile’ into 
‘Cumulative’ variable

I f ‘Swap’ < > null then 
Write ‘Swap’ to ‘ResultFile’

Initialise ‘Swap’ < > null 
Clear ‘ResultFile’

Read line from ‘Temp’ into 
‘Swap’

Variables:

‘New’ is a variable into which each line o f ‘FileToAdd’ is sequentially read. When 
‘New’ equals null this signifies that the end of the file has been reached (i.e. no more 
data)
‘Cumulative’ is a variable in which each line o f ‘ResultFile’ is sequentially read. 
‘FileToAdd’ is the user selected textfile which is to be added to the existing textfile 
named ResultFile’
‘Temp’ is a third textfile used as a temporary read/write location.
‘Swap’ is a variable into which lines from ‘Temp’ are sequentially read prior to being 
written over into ‘ResultFile’. When ‘Swap’ equals null this signifies that the end of 
the file has been reached.
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Figure 13. Flowchart diagram showing flow of execution for the MassGainPerlnterval’ event handler 
(within the FileParse program) which transforms a series of raw mass data files into a measure of rate of 
mass gain per half hour interval. The full code for this function can be found in Appendix 2, lines 1196 to 
1328. Note: where there are two possible pathways, a down arrow represents 'yes’ and an arrow to the 
right/left represents 'no’.

Click Button to Start

Is ‘DiffA’ < ‘DiffB’ ?

Skip Forward to 
next day of year

Is ‘DiffA’ > zero ?

Is ‘Currentlnterval’ >
Last Interval of Day ?

‘DeltaTime’ = 
‘EndTime’ -  ‘StartTime’

DiffB’ =t Currentlnterval’ -  ‘PreviousTime’

‘DeltaMass’ = 
EndMass’ -  StartMass’

‘EndMass’ = ‘Mass’ 
‘EndTime’ = ‘Time’

‘DiffA’ = ‘Time’ -  ‘Currentlnterval’

If at end of 
‘DateRange’ then End

Check for ‘DataFile’ in 
‘DateRange’. Does File Exist?

‘GainRate’ = 
‘DeltaMass’ div DeltaTime’

Read line from ‘DataFile’ and 
extract ‘Mass’ and ‘Time’

‘EndMass’ = ‘PreviousMass’ 
‘EndTime’ = ‘PreviousTime’

Write ‘CurrentInterval’&‘GainRate’to ‘Results’ 
Increment ‘Currentlnterval’ by 30 minutes

Generate rolling records: 
’PreviousTime’ = ‘Time’ 
‘PreviousMass’ = ‘Mass’ 
‘StartMass’ = ‘EndMass’ 
‘StartTime’ = ‘EndTime’

V ariables:
’D ateR an ge’ is a user defined pair o f  dates betw een w hich the  program  w ill au tom atically  search for raw  data files.
'M ass’ and T im e ’ are values read from  current line o f  tex tfile  being parsed
'E ndT im e’ is the  value from  the file being parsed w hich is nearest to end o f  'C u rren tln terva l’. ‘EmlMass" is the  associated  
'M ass' reading.
‘PreviousM ass" and 'PreviousTim e" are "Mass’ and 'T im e' values from penultim ate line o f  textfile 
'C urrentlnterval" denotes the  h a lf  hour period for w hich a GainRate" is sought
'DilTA" and 'DiffB" are used to  determ ine w hether the tim e o f  the 'M ass' reading  im m ediately  before "C urrentlnterval’ or that 
im m ediately afler is closest. 'R esu lts' is the resultant tex tfile  containing the  M ass Gain Rate values.
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Figure 14. Screenshot o f  DawnDusk program to illustrate the graphical interface 

Shows input boxes for setting times and temperature (left hand side), and status- 

indicators and manual override/test buttons (right hand side).
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Chapter 3. Sigmoidal versus rectangular lighting 
regimes: effects on diel patterns of body mass and 
display hopping in male zebra finches

Abstract

A large part of the work performed using captive zebra finches has taken place in 

artificially lit indoor aviaries where room lights had only two states; on or off 

(rectangular). Such arrangements deny individuals of any extrinsic cues indicating the 

imminent onset of light or darkness. These cues will likely have roles in the timing and 

duration of courtship routines and foraging patterns associated with dawn and dusk.

This study used a novel lighting apparatus that caused light intensity gradually to 

increase at dawn and decrease at dusk (sigmoidal) in an attempt to mimic a more natural 

condition. Male zebra finches were presented with a female stimulus bird and body 

masses and hopping activity were compared as lighting regime was switched from 

sigmoidal to rectangular then back to sigmoidal. There was no significant effect on 

overall body mass, but there was a significant decrease in body mass following the 

transition from the rectangular to the second sigmoidal lighting regime, and possible 

reasons for this are discussed. There was evidence of nonsignificant changes in mass 

trajectories, with a tendency for birds to act more cautiously insofar as target masses 

were attained sooner under the rectangular regime. There were no significant effects of 

lighting regime on courtship hopping activity, and hopping rate trajectories were 

consistent between treatments. However, in the cases of both mass regulation and 

hopping activity there was evidence that individuals were able to anticipate the onset of 

darkness under the rectangular regime which indicated the presence of an intrinsic 

mechanism, probably a circadian clock. Despite individuals being able to anticipate 

sudden dark/light changes we feel that experimenters should consider adopting more 

naturalistic lighting protocols.
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Introduction

A vast number of experiments have been performed on caged birds, particularly zebra 

finches, in the laboratory environment (e.g. see Zann, 1996). Some of these studies have 

used natural daylight to illuminate the laboratory (e.g. Meijer et al., 1996; Pravosudov 

& Grubb, 1997), others have used a combination of natural and artificial light (e.g. 

Veasey et al., 1998) and in a majority of cases only artificial lighting was employed or 

the lighting conditions were not specified (e.g. Adret, 1993; Balzer & Williams, 1998; 

Collins, 1995).

Much recent work has highlighted the importance of a full natural spectrum (including a 

UV component) in avian visual systems (for a review see Tovee, 1995). Colour 

rendition in artificially lit settings can be made more naturalistic by employing special 

incandescent or fluorescent lighting devices (e.g. Bennett et al., 1996; Cuthill et al., 

1997). However, the best and most cost-effective means of providing true colour 

perception and perception of time relative to light intensity changes is to use naturally 

lit aviaries. Natural daylight it is not always used since it prevents operators from 

controlling other aspects of the birds’ environment.

For instance, experimenters may wish to have precise control over photoperiod or 

ambient temperature and be able to manipulate these factors (Ekman & Hake, 1990; 

Meijer et al., 1996; Weathers & Greene, 1998). Also it may be desirable to exclude 

sensory stimulation arising from outside of the birds’ cages. While outdoor aviaries 

allow birds to perceive the full natural spectrum they also expose them to the prevailing 

ambient temperature, weather, ambient olfactory and auditory signals and possible 

provocation by wild or domestic animals outwith their cages, any of which may 

significantly affect behaviour or state (see Lilliendahl, 1997, 1998). In this event most 

experimenters will choose to house their birds in indoor aviaries where photoperiod, 

temperature and background noise can be predictably controlled. Photoperiod has 

traditionally been controlled by some form of electro-mechanical or electronic time 

switch which causes room lights to go on and off in unison at programmed times. The 

consequences of this are that the light intensity changes abruptly from zero to full at 

dawn and full to zero at dusk, with no intermediate levels. Clearly such a condition is
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extremely unnatural and denies subjects of any extrinsic cues pertaining to the imminent 

onset of full light or darkness.

For experiments concerned with sexual selection and reproduction in birds, dawn and 

dusk are key times of day when courtship and copulation rates tend to be highest and 

behaviour generally most elaborate (e.g. Kacelnik & Krebs, 1982; Houston & 

McNamara, 1987; Cuthill & MacDonald, 1990; Andersson, 1994; Thomas 1999a & 

1999b). Changing light intensities will undoubtedly have roles in the timing and 

duration of courtship routines associated with dawn and dusk and also in temporal 

foraging patterns. It is difficult to imagine that their absence will not alter the 

behavioural repertoire of caged birds.

While issues surrounding the quality of artificial lighting, particularly concerning UV 

spectra, have been investigated in recent years it appears that the importance of 

naturalistic light intensity changes has been overlooked. This experiment was designed 

to test the effectiveness of a novel lighting apparatus that attempted to mimic the 

changing light intensities associated with dawn and dusk. It also allowed an insight into 

the relative importance of extrinsic and intrinsic time-of-day cues in regulating body 

mass and courtship hopping behaviours. We presented male zebra finches with a female 

stimulus bird and compared their mass regulation and courtship behaviours, which are 

typically most labile at dawn and dusk, under an all-or-nothing (rectangular) lighting 

regime as opposed to one where light intensity was allowed to increase and decrease 

gradually at dawn and dusk respectively (sigmoidal).
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Methods

We performed this experiment using a group of eight male and a separate group of eight 

female zebra finches. The two groups had no prior experience of each other. All birds 

were sexually mature and wore a single numbered orange leg band. The sexes were 

housed in visual but not auditory isolation prior to the experiment. Room temperature 

was kept at approximately 18°C by means of thermostatically controlled heaters. Birds 

were provided with ad libitum water and food in the form of a proprietary seed mix and 

in addition were provided with shell grit and cuttlebone.

Eight experimental cages (1.5 x 0.3 x 0.4 m high, figure 1) were employed, each 

consisting of three equally sized sections: food, courtship and stimulus. During 

treatments the experimental male had access to the food and courtship sections and the 

stimulus section was occupied by a female zebra finch. The food and courtship sections 

were separated by opaque baffles which permitted the male to move freely from one 

section to the other but prevented him from simultaneously feeding and being in visual 

contact with the female. The courtship and stimulus sections were separated by a 

transparent Perspex panel (0.15 cm thick). The food section contained a food hopper 

and water dish together with shell grit and cuttlebone. The courtship section contained a 

set of four microswitch perches that recorded the temporal and spatial patterns of 

hopping activity (Swaddle & Cuthill, 1994). The four perches, made from 5 cm lengths 

of wooden dowel, were arranged in a square with opposite pairs set 12 cm apart and 

each perch 14 cm above the cage floor. The set of hop perches was itself mounted on 

top of an electronic balance (Sartorius PT-610) reading to 0.1 g accuracy. The eight 

balances were connected to a PC that recorded real-time changes in the body masses of 

the male birds, and simultaneously corrected for drift from zero in the balances' outputs 

(see Chapter 2 for further details).

The stimulus section was equipped with two perches set at the same height as the 

microswitch perches. The wall of the stimulus section against which female stimulus 

birds were viewed was white. The stimulus section was bedded with composted wood 

bark but the food and courtship sections were not bedded in order to prevent excessive 

debris being deposited by the males on either the perch mechanisms or the balances.
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The prevailing photoperiod was 14:10 L:D provided by a ceiling mounted linear array 

of eight 40 watt incandescent daylight bulbs and six ceiling mounted 58 watt fluorescent 

tubes with diffusers. Daylight was completely excluded from the laboratory. Lighting 

was controlled by computer via an expansion card (PC 263, Amplicon Liveline, UK) 

and was applied either on an all-or-nothing basis (rectangular regime) or through 

sequential switching of the individual lighting elements (sigmoidal regime). Under the 

sigmoidal regime there were nine evenly spaced switching events over a 90 minute 

period, which at dawn switched on the eight incandescent bulbs in sequence followed 

by the fluorescent tubes as a unit, and at dusk acted in the reverse order. This produced 

an approximately exponential change in lighting intensity intended to provide similar 

cues to a natural daylight dawn and dusk (see figure 2). The time elapsed from the first 

light going on at dawn to the last going off at dusk was 14h.

The experiment consisted of three treatments which involved exposing birds first to a 

sigmoidal lighting regime (treatment 1) followed by a rectangular regime (treatment 2) 

then by a second sigmoidal regime identical to the first (treatment 3). Each treatment 

lasted twelve days and data from only the final seven days of each were used in the 

analyses, giving in effect a five day acclimation period for each changeover in lighting 

regime. For four weeks prior to the first treatment the lighting regime was sigmoidal 

with the same parameters as treatments 1 and 3.

We investigated the effect of lighting regime on within-individual variation in body 

mass and hop rate using repeated measures ANOVA designs in SPSS 7.5.1. In addition 

we sought to investigate the effect of treatment on the diurnal mass trajectory and 

organisation of hopping behaviour by considering the interaction between treatment and 

time of day (treatment*time). The data for each individual were averaged across the 

seven days of each treatment. Body mass and display hopping data were condensed into 

mean mass per half hour interval and total number of hops per half hour (i.e. hop rate) 

over the course of the daylight period of each day. The model therefore, specified two 

factors: treatment (three levels) and time of day (twenty-eight levels). The identity of 

individual males was inherent in the design of the model.
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We also looked specifically at contrasts between treatments to test whether the 

transition from sigmoidal to rectangular lighting regime, or the transition from 

rectangular back to sigmoidal had any effect on body mass regulation or hopping 

activity. In addition we tested the contrast between the two sigmoidal treatments to 

determine if behaviour remained consistent between them.

We present univariate repeated measures ANOVA statistics and where assumptions 

about sphericity are violated the Huynh-Feldt epilson corrected statistics are quoted 

(Zar, 1996).

Results

There was no significant effect of treatment on body mass (Fi. 12,7.85= 1.388, P = 0.28), 

nor was there a significant effect of treatment on hopping activity (Fi.25,8.78 = 0.477, P = 

0.55). The non-significant interactions between treatment and time of day showed that 

body mass trajectories (Figure 3; Fio.24,7i.67 = 1.570, P = 0.13) were consistent between 

light regimes, as were the hopping activity trajectories (Figure 4; F6.51,45.56= 1.035, P = 

0.42).

Contrasts revealed that there were no significant differences between sigmoidal 

treatments (1 & 3) for either body mass (Fi,7= 0.985, P = 0.35) or for hopping activity 

(Fi.7= 0.037, P = 0.85). Similarly, there were no significant differences between the first 

sigmoidal treatment and the rectangular treatment (i.e. treatments 1 & 2) for either body 

mass (Fi,7= 0.095, P = 0.77) or hopping activity (Fi,7= 0.503, P = 0.50). However, there 

was a significant difference between the rectangular treatment and the second sigmoidal 

treatment (treatments 2 & 3) for body mass (F ij=  31.39, P = 0.001), with mass being 

consistently lower in the sigmoidal treatment by between 1.1% and 3.5% (of the masses 

during the treatment 2) across the course of the day. There was no significant trend for 

hopping activity to differ between the treatments (F ij=  3.029, P = 0.125).



Discussion

The results showed a significant difference in body mass between the rectangular 

(second) treatment and the ensuing sigmoidal (third) treatment, with body masses 

during the final sigmoidal treatment being lower by between 1.1% to 3.5% across the 

day. There was the possibility that this difference was due to a systematic factor or 

factors, for example a change in room temperature (c.f. Lehikoinen, 1987; Meijer et al., 

1996). However, the absence of any corresponding difference between treatments 1 and 

2 makes this less likely. Also, although room temperature was not monitored during this 

particular experiment, temperature data from four later experiments in the same 

laboratory indicated that temporal fluctuations in temperature were minimal owing to 

the use of thermostatically controlled heating and ventilation.

Following the rectangular treatment, the males had five days to re-acclimatise to the 

new lighting conditions of the second sigmoidal treatment, whereas before the first 

sigmoidal treatment, the males had the five experimental acclimation days in addition to 

the 28 days prior to the experiment during which the lighting conditions had also been 

sigmoidal. Passerines are known not to feed when light levels fall below a certain level 

(Kacelnik, 1979). Therefore, during the sigmoidal treatments, the periods nearest to 

dawn and dusk, when light intensities were lowest, may have shortened the perceived 

length of the feeding day. In the rectangular treatment however, feeding would have 

been possible for the full fourteen hours from the lights turning on, until they turned off 

again. Some studies have indicated that shorter daylengths caused the body masses of 

small passerines to increase (e.g. Lehikoinen, 1987; Meijer et al., 1994), however, it 

was recently demonstrated that zebra finches decreased their body masses in response to 

shortening daylength, and vice versa (Meijer et al., 1996). The observed decrease in 

body mass between treatments 2 and 3 may therefore have been a reaction to a 

perceived shortening of the feeding day length following the transition from the 

rectangular to the sigmoidal lighting regime. During the 28 acclimation days prior to the 

experiment, males may have adapted to the prevailing sigmoidal lighting conditions and 

learned to utilise the periods of lower light around dawn and dusk more fully. The effect 

of this would have been that following the first transition, from sigmoidal to rectangular 

lighting, the change in perceived feeding day would have been relatively smaller,.and



therefore the change in mass (in this case an expected increase) would have been 

smaller too.

Although there were no significant differences between mass trajectories or hopping 

activity levels, there was a slight tendency for the rate of mass gain to be higher and 

hopping activity to be lower during the initial hour of the rectangular treatment. One 

explanation for the dawn chorus in passerines relates to light intensity. Kacelnik (1979) 

proposed that foraging may be less profitable at dawn due to poor vision as a 

consequence of low light levels. In this scenario it may be more advantageous for a 

male bird to engage in singing behaviour (which is analogous to courtship hopping) and 

postpone feeding until light level increases. It may be that the tendency for an increased 

rate of body mass gain and decreased display effort during ‘dawn’ of the rectangular
I
I treatment relates to Kacelnik’s hypothesis. The instant onset of full light intensity under
i

the rectangular treatment as opposed to the sigmoidal treatments may have stimulated
j
I an earlier and/or increased foraging effort which was traded off against a slightly

| reduced display effort.
II
i
; Although there were no significant differences in body mass trajectory (treatment*time

I interaction) figure 3 suggested a nonsignificant tendency for the trajectory under the
I
j  rectangular treatment to differ from the other two. Under the rectangular treatment there

I appeared to be a tendency for the birds to adopt a more guarded approach towards mass

I regulation insofar as they adopted a greater rate of mass gain during the first three hours

of the day. Then, just before midday the mass trajectory flattened briefly before 

resuming a near linear rate of increase up until one hour before darkness prevailed. In 

contrast during the first sigmoidal treatment there was a more typical mass trajectory 

(chapters 4, 5 & 6 of this thesis; McNamara et al., 1987) with a smoother and more 

linear rate of increase from dawn until midday, followed by a slight plateau typical of 

midday, and then a slow increase until approximately three hours before dusk when the 

rate of mass gain increased sharply towards the dusk target mass.

It was interesting that under the rectangular treatment where there were no external cues 

to suggest darkness was imminent, the rate of body mass gain became negative during 

the last hour of light, similar to the situation under both sigmoidal treatments. This 

effect may have been due to a physiological mechanism acting on body mass whereby
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once a maximum body mass is attained a feedback loop kicks in to maintain and/or 

reduce it. Another more likely possibility is that individuals were able to anticipate 

darkness by means of a circadian rhythm that coincided with the prevailing photoperiod. 

The presence of circadian rhythms is widely acknowledged throughout the animal 

kingdom (Aschoff, 1981; Chadwick & Ackrill, 1995). Distinct circadian rhythms driven 

by periodic secretion of melatonin linked to the light cycle have been demonstrated in 

passerines (Hau & Gwinner, 1992; Hau & Gwinner, 1994; Hau & Gwinner, 1996; Hau 

& Gwinner, 1997) and specifically in zebra finches (Vant Hof & Gwinner, 1999). The 

circadian clock may have allowed birds in the present study to anticipate darkness 

irrespective of extrinsic cues such as gradually fading light intensity, as it would have 

become entrained to the prevailing daylength which was constant before and during the 

experiment

There was no effect of treatment on directed hopping activity, which implied that 

overall levels of activity were not affected by the different lighting regimes. Nor was 

there any effect of the treatment*time interaction on directed hopping activity and it is 

clear from figure 4 that the trajectories under all three treatments were very similar. 

Again it was apparent that under the rectangular regime the males anticipated the onset 

of darkness and increased their rate of hopping activity in the manner typical of dusk. 

The point during the rectangular treatment at which hopping activity began to increase 

towards its dusk peak was approximately thirty minutes later than during the sigmoidal 

treatments but the rate of increase and ultimate level were very similar between 

treatments. It was difficult to imagine how this increased hopping activity in 

anticipation of darkness could be mediated by any feedback mechanism, in contrast to 

the case of body mass regulation which may have been self-limiting, and therefore the 

favoured explanation is again that involving an intrinsic clock.

Zebra finches are the most widely used passerine for captive experimental work (Zann, 

1996). Given the controllability and constancy of indoor versus outdoor aviaries it is 

likely that the majority of experimenters will continue to favour indoor housing. There 

will always be restrictions on the degree to which experimenters can seek to mimic 

natural conditions, and in any event a human perspective as to what constitutes ideal 

may vary considerably from that of the animal subject (e.g. Bennett et al., 1996). 

Common sense dictates that the all-or-nothing lighting arrangements in place in many
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laboratories differ dramatically from a natural daylight cycle. This study has 

demonstrated that adopting a light intensity regime that tended towards natural gradients 

had certain significant effects on body mass regulation strategies. Given these effects 

and the relative simplicity o f the lighting apparatus used, we believe that more 

experimenters should consider adopting similar approaches to lighting protocols in 

order to allow the possible benefits to be evaluated further.
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OB

Figure 1. The experimental cage viewed from above. F = feed hopper, OB = opaque 

baffles, MP = microswitch perches mounted on electronic balance, S = stimulus cage. 

Heavy bars represent perches, dotted lines represent wire cage front and Perspex panel 

separating courtship and stimulus compartments. Shaded circles are food and water 

dishes.
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Figure 2 Relative shapes o f  light intensities generated by natural dawn compared to the 

artificial dawn simulation achieved by switching lights on in sequence. Data on natural 

light intensities are taken from Fraser & Metcalfe, 1997.
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Chapter 4. Trade-off between body mass and 

reproductive behaviour in male zebra finches

Abstract

Animals face potential trade-offs in resource allocation when competing activities are 

mutually exclusive. In particular, the trade-off in time allocated to reproduction as 

opposed to foraging predicts that time and energy invested in courtship will influence 

body mass regulation strategies. We investigated the dynamic relationship between 

body mass regulation and investment in reproduction (quantified in terms of directed 

hopping activity) in male zebra finches (Taeniopygia guttata). Males were presented 

with four treatments, which varied in their potential to be courted, in a repeated- 

measures design. The treatments were; female zebra finch, male zebra finch, female 

bengalese finch (Lonchura domestical and ‘no bird’. We found significant effects of 

treatment on both mean body mass and directed hopping activity, with lowest mean 

body masses and highest mean activity levels during the female zebra finch treatment. 

There was a significant effect of treatment on the temporal organisation (trajectory) of 

hopping activity over the course of a day. There was no effect of treatment on the shape 

of body mass trajectories; the difference among treatments was due to a complete y-axis 

shifting of mass curves. The apparent anomaly of consistent mass trajectories coupled 

with significant variation in directed hopping activity may be explained either by 

strategic compensatory foraging, reduced metabolic costs associated with decreased 

body mass, a reorganisation of time and energy budgets or some combination of these 

effects. This study provides direct experimental evidence of a trade-off between 

investment in the soma and investment in reproduction.
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Introduction

No animal can devote the same unit of either time or energy to more than one given task 

or behaviour. Within the boundaries of a day, therefore, resource allocation decisions 

must be made with reference to the various conflicting demands which present 

themselves. Such decisions are a key tenet of life history theory (Stearns, 1989; Even & 

Nicolai'dis, 1993; Rogers & Smith, 1993; Guntrip et al., 1997; Kokko, 1998).

In birds, particularly in small passerines, the strategic allocation of resources is 

inextricably linked to changes in body mass (Hainsworth, 1978; Ekman & Hake, 1990; 

Hiebert, 1991; Witter & Cuthill, 1993). Investment in somatic tissue is beneficial as a 

buffer against the risk of starvation but there are inevitable costs associated with 

| increased body mass (for a review see Witter & Cuthill, 1993). The existence of these

costs is underlined by the fact that birds typically maintain their fat reserves below what 

| would be physiologically possible, and that individuals with low fat levels do not

! necessarily exploit all opportunities to feed and hence lay down fat (King & Farner,

j  1966; Blem, 1976; Lehikoinen, 1986; Ekman & Hake, 1990). The costs of increased
i
I body mass have been thoroughly documented in the literature and play a key role in
[

I phenomena such as mass-dependent predation risk (Bednekoff & Houston, 1994; Witter
j
| et al., 1994; Gosler et al., 1995; Metcalfe & Ure 1995; Bednekoff, 1996; Cresswell,

| 1998; Veasey et al., 1998), state-dependent foraging (Metcalfe et al., 1998, on salmon),

mass-dependent risk of injury and metabolic costs (e.g. Pennycuick, 1990).

Theoretical models have been constructed to examine the optimal diurnal patterns of 

mate attracting behaviour and mass regulation in birds (Houston & McNamara 1987; 

McNamara et al., 1987; Hutchinson et al., 1993; Bednekoff & Krebs, 1995). Although 

these models have been constructed around mate attracting behaviour in the form of 

song they can equally be applied to any courtship or display behaviour provided that the 

behaviour in question is energetically costly and incompatible with foraging behaviour 

(Hutchinson et al., 1993). These criteria are met by the display repertoire of male zebra 

finches. Previous empirical work (Mace, 1987; Mace, 1989; Cuthill & MacDonald, 

1990) has focussed only on the temporal pattern of male display behaviour, whereas it is 

the dynamic interaction between courtship and mass regulation that is central to the 

theoretical predictions. Since courtship activity tends to be greatest in the early morning
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and late evening, an increase in courtship (besides being energetically expensive) may 

affect both the total amount of time devoted to feeding and the temporal pattern of 

foraging, hence altering the mean body mass and/or daily mass trajectory.

Male zebra finches (Taeniopygia guttata) follow a stereotyped pattern of courtship 

(Morris, 1954; Zann, 1996) which is composed mainly of hopping behaviour during 

which the male bird engages in serial lateral presentations (Workman & Andrew, 1986), 

and also of directed song in the presence of the female (Dunn & Zann, 1996a, 1996b). 

Engaging in mate attraction behaviour should influence the amount of time and energy 

invested in courtship activities, therefore theory predicts that manipulating the 

opportunity to attract a mate will influence body mass regulation strategy. We provide 

the first experimental demonstration of this by presenting to male zebra finches stimuli 

('no bird', female bengalese finch (Lonchura domestica). male zebra finch and female 

zebra finch) which inherently varied in their potential to be courted, and measuring 

diurnal patterns of stereotypical hopping behaviour and body mass regulation. The first 

three treatments listed were controls which allowed us to distinguish between the effects 

of availability of a female conspecific, rather than effects due simply to the presence of 

another bird (whether conspecific or heterospecific).
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Methods

Subjects and Housing Conditions

We conducted this experiment using two groups of birds; an experimental group and a 

stimulus group. The experimental group consisted of eight male zebra finches and the 

stimulus group consisted of a second group of eight male zebra finches together with 

eight female zebra finches and eight bengalese finches HLonchura domestica). All birds 

used in the experiment were sexually mature. The experimental birds had had no prior 

contact with any of the stimulus birds or vice versa. Before and during the experiment 

all individuals were maintained on a 14:10 hour light:dark photoperiod at a temperature 

of mean ± S.D. = 18.10 ± 3 .20°C. Simulated dawn and dusk was applied during the first 

and last 90 minutes of the day by means of the sequential switching of a lighting array. 

The light was provided by eight 40 watt incandescent bulbs in a ceiling mounted linear 

array, six ceiling mounted 58 watt fluorescent tubes with diffusers and two ceiling 

mounted 300 watt halogen floodlights (orientated so as to provide reflected light only). 

During dawn and dusk the light level increased and decreased approximately 

exponentially (see chapter 3, figure 2). We provided the birds with ad libitum food 

(commercial seed mix) and water. We also gave the birds shell-grit and cuttlebone 

which were replenished at weekly intervals.

Experimental Cages

Eight experimental cages (1.5 x 0.3 x 0.4 m high, Fig. 1) were employed, each 

consisting of three equally sized sections: food, courtship and stimulus. In each cage the 

experimental male had access to the food and courtship sections and the stimulus 

section was occupied by the stimulus bird when applicable. The food and courtship 

sections were separated by opaque baffles which permitted the male to move freely 

from one section to the other but prevented him from simultaneously feeding and being 

in visual contact with the stimulus section. The courtship and stimulus sections were 

separated by a transparent Perspex panel (0.15 cm thick). The food section contained a 

food hopper and water dish together with a microswitch feeding perch that recorded the 

time and duration of feeding bouts (provided that the bird chose to feed from this 

perch). The courtship section contained a set of four microswitch perches that recorded
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the temporal and spatial patterns of hopping activity. The four perches, made from 5 cm 

lengths of wooden dowel, were arranged in a square with opposite pairs set 12 cm apart 

and each perch 14 cm above the cage floor. Male zebra finches hop repeatedly between 

adjacent perches or perform 'head-tail twists' as part of their courtship display (Morris, 

1954; Zann, 1996), and so this apparatus provided a suitable and reliable method of 

automatically recording display activity (Swaddle & Cuthill, 1994). The perch nearest 

to the Perspex window which separated the middle and right-hand sections was 4 cm 

from it. The set of four hop perches was itself mounted on top of an electronic balance 

(Sartorius PT-610) reading to 0.1 g accuracy. The eight balances were connected to a 

PC which recorded real-time changes in the body masses of the male birds, and 

simultaneously corrected for drift from zero in the balances' outputs.

The stimulus section was equipped with two perches set at the same height as the 

microswitch perches, one of which was positioned 7 cm and the other 42 cm from the 

perspex panel. The wall o f the right-hand subsection that faced the male’s hop perches 

was white such that stimulus birds were always viewed against a white background. The 

stimulus section was bedded with composted wood bark. The food and courtship 

sections however had no substrate and the floor was plain hardboard. This was to 

prevent excessive debris being deposited by the males on either the perch mechanisms 

or the balances.

Experimental Procedure

Prior to the data logging phases of the experiment we moved the experimental male 

zebra finches into the individual experimental cages. The experiment consisted of an 

acclimation phase lasting three days followed by four data-logging phases each lasting 

seven full days. Between consecutive data-logging phases there was a non-data logging 

phase lasting three days. During non-data logging phases of the experiment 

experimental and stimulus birds were removed from the experimental cages and housed 

in four separate group cages ( 1 x 0 . 4 x 0 . 3 m  high) according to species and sex with 

experimental and stimulus males kept apart. During these phases the experimental birds 

and stimulus birds were maintained in visual isolation from one another. The purpose of 

these phases was to minimise any carry-over effects of previous stimuli on the 

experimental males' reaction to future ones. Also, since zebra finches are naturally
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gregarious birds, it was felt that this tactile contact with conspecifics would minimise 

any effects due to the relative isolation experienced by the experimental males during 

the logging phases.

Each experimental male was exposed to a different stimulus type during each data­

logging phase. The four stimuli were: no stimulus bird, female bengalese finch, male 

zebra finch and female zebra finch. The order in which these stimuli appeared was 

randomised both temporally and spatially and each experimental male experienced a 

particular stimulus treatment once only. Experimental males and stimuli were 

introduced to the appropriate compartments of the experimental cages on the evening 

before the beginning of a treatment and removed from the experimental cages on the 

morning following the end of a treatment such that the period of data logging was seven 

full days in length.

Statistical Analyses

We investigated the effects of stimuli on within-individual variation in body mass and 

hop rate using repeated measures ANOVA designs in SPSS 7.5.1 (SPSS 1988). In 

addition we investigated the effect of treatment on the diurnal mass trajectory and 

organisation of hopping behaviour by considering the interaction between treatment and 

time of day (treatment*time). For the purposes of the analyses the data for each 

individual were averaged across all seven days of each treatment. Body mass and 

display hopping data were condensed into mean mass per half hour interval and total 

number of hops per half hour (i.e. hop rate) over the course of each day. The model 

therefore, specified two factors; treatment (four levels) and time of day (twenty-eight 

levels). The identity of individual males was inherent in the design of the model.

Specific contrasts between treatments were investigated to compare the effect of a 

female conspecific versus the other three treatments, and the effect of female 

conspecific versus no stimulus bird, for both body mass and hopping activity.

The repeated measures ANOVA statistics are either univariate or multivariate 

depending on the outcome of Mauchly’s test of sphericity (Zar, 1996). Two-tailed tests 

of probability are used throughout.
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Results

There was a significant effect of stimulus treatment on within-individual changes in 

body mass (treatment, F3>2i = 4.36, P = 0.016) which indicated that presenting male 

zebra finches with different stimuli evoked changing patterns of somatic investment. 

Body masses were lowest during the female conspecific treatment and highest during 

the ‘no bird’ stimulus treatment. The overall order of body masses in terms of stimulus 

treatment, from lowest to highest was; female zebra finch, male zebra finch, female 

bengalese finch and ‘no bird’ (figure 2).

The relative shapes of the daily mass trajectories of males were highly consistent 

between the stimulus treatments (treatment*time, F8i,567 = 0.64, P = 0.99). The effect of 

treatment was manifested as a shift of mass trajectory in the y-axis as opposed to any 

change in shape of the trajectory. There was a highly significant effect of time of day on 

individuals’ body mass (time, F27, 189 = 30.69, P <0.0001) indicating simply that body 

mass changed over the course of the day.

There was a significant effect of stimulus treatment on within-individual changes in 

hopping rates (treatment, F3j2i = 3.13, P = 0.047) with the highest hopping rates 

observed under the female zebra finch treatment (fig. 3). The hopping activity of male 

birds, independent of stimulus treatment, varied significantly over the course of the day 

(time, F27.189 = 4.96, P 0 .0001) with a tendency for peaks to occur around dawn and 

dusk.

The temporal organisation of hopping behaviour varies significantly between treatments 

(treatment*time, Fsl 567 = 1.3 0 5, P = 0.047). Under the female zebra finch treatment 

there was a pronounced mid-morning peak whereas under the other treatments the level 

of hopping was relatively flat and uniform until just prior to dusk. At dusk the hop rates 

under all treatments increased steeply until total darkness fell and activity ceased.

The results of the specific contrasts (for mass and hop rate) which were tested are given 

in table 1. There were significant differences, for both body mass and hop rate, between 

the effect due to a female zebra finch versus any bird (treatment 1 included) and the 

effect due to a female zebra finch versus no bird.
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Discussion

The opportunity to court had significant effects on the directed hopping activity 

trajectories, with the female zebra finch treatment differing markedly from the others. 

That trajectory showed the sharpest rise in activity from first light leading to a distinct 

peak 2 hours after dawn. The level of directed hopping during this treatment then 

remained highest overall through until 1 hour before last light when activity became the 

lowest overall. With the possible exception of the absence of a pronounced second peak 

at dusk, the shape of that hopping trajectory is otherwise very typical of male temporal 

patterns of display (chapters 3, 5, 6 & 7 of this thesis) and both equivalent and 

analogous to the patterning of song output in passerines (Kacelnik & Krebs, 1982; 

McNamara et al., 1987; Cuthill & MacDonald, 1990; Hutchinson et al., 1993; Pinxten 

& Eens, 1998). It therefore appears that the males responded to the presence of a female 

conspecific by performing typical diel patterns of courtship.

Hopping rates during the other three treatments were not significantly different from 

one another when compared pairwise, and were on average 37.2% lower than those seen 

in the female zebra finch treatment. Even in the absence of a stimulus bird a base-line 

level of hopping activity was expected due to aural stimuli from the other experimental 

cages (e.g. vocalizations associated with male-female interactions and actuation 'clicks' 

of microswitch perch units during display bouts elsewhere). There is evidence that 

male-male interactions evoke courtship song (McNamara et al., 1987) and in zebra 

finches that male intrasexual interactions lead to modulation of courtship behaviour 

(Zann, 1996; Waas & Wordsworth, 1999).

Given the differences in mean hopping rates and hopping trajectories between 

treatments, it is notable that the mass regulation trajectories did not also vary between 

treatments. Instead, the effect of treatment was evident as a complete shifting of the 

mass trajectory in the y-axis, with the highest masses during the 'no-bird' treatment and 

the lowest (between 0.16 and 0.31 grams less) during the female zebra finch treatment. 

Small passerines exhibit a predictable mass regulation curve whereby body mass 

typically increases most rapidly from dawn to mid-morning at which point the rate of 

increase slows down, plateaus or even declines, followed by another gain in mass



during the period from late afternoon until dusk (Owen, 1954). These curves have 

frequently been predicted by models (e.g. McNamara et al., 1987; Hutchinson et al., 

1993) and shown by experimental studies (e.g. Lilliendahl et al., 1996; Dali & Witter, 

1998; Pravosudov & Grubb, 1998; Cuthill et al., 2000). In all four treatments the body 

mass trajectories follow this typical curve with a very high degree of consistency.

This consistency in body mass trajectories coupled with very different display hopping 

trajectories could be explained in a number of ways. Males may have been 

compensating for their increased activity and guarding their diel mass trajectory, by 

strategically increasing their food intake at those times of day when energy expenditure 

was greatest. Time was highly unlikely to be a limiting factor here: a similar study on 

captive zebra finches indicated that 30% to 50% of time was spent inactive (Dali & 

Witter, 1998) while in captive starlings (Sturnus vulgaris) more than 90% of time was 

spent resting (Bautista et al., 1998). As food was in ad libitum supply in the present 

experiment it could not have been a limiting factor. Although mean body mass could 

have been maintained by balancing increased expenditure with increased food intake 

there are reasons why this strategy may not have been adopted. Owing to the design of 

the experimental cages, foraging necessitated letting the female out of sight, which 

would have punctuated the courtship routine and left her unguarded (Mace, 1989; 

Moller, 1991). An added disincentive is that any strategic variation in food intake 

would, de facto, have involved spending most time away from the female at those 

specific points in time when directed hopping activity and the context for courtship to 

take place would have been at their highest. Despite the laboratory setting, the birds 

may also have been taking time-dependent risks associated with foraging into account, 

for example exposure to predators, pathogens or parasites (Deerenberg et al., 1998). 

Additional foraging effort may also have had detrimental effects in terms of long term 

fitness (Lemon, 1993) due to hypertrophy of the gut, tissue damage or metabolic 

dysfunction (Sjodin et al., 1990).

Assuming that neither food nor the time to ingest it were in limited supply, there may 

have been a digestive bottleneck which prevented individuals from processing food any 

more rapidly (Sibly & Calow, 1986). Such an effect has been shown in juvenile house 

sparrows (Passer domesticusL a passerine of similar size to the zebra finch, where 

following restricted feeding individuals failed to process ad libitum food at an increased
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rate (Lepczyk et al., 1998; Lepczyk & Karasov, 2000). If the reduction in body mass 

experienced by the harder working birds under the female zebra finch treatment was 

accompanied by a decrease in gut mass then such a digestive bottleneck would become 

ever more constricted and therefore be self-reinforcing. However, other work by the 

authors (chapter 7) showed that male zebra finches under similar conditions had spare 

digestive capacity which enabled them to more than double their rate of gain of body 

mass following a period of food restriction, despite a compromised body mass.

Studies on zebra finches (Deerenberg et al., 1998) and starlings (Bautista et al., 1998) 

have demonstrated that individuals subjected to harder work regimes actually had lower 

daily energy intakes and lower energy consumption, together with lower body masses 

but similar mass trajectories. The reduced energy consumption in these instances is 

largely attributed to reductions in nocturnal energy consumption, due to lower mass- 

specific costs or perhaps hypothermia, which may also have carried over into daylight 

hours. Other ways in which energy was conserved was by increasing the nutrient usage 

of food (as indicated by the calorific density of faeces) and by performing tasks (or 

behaviours) in a more efficient manner. More recently Swaddle & Biewener (2000) 

have demonstrated that starlings that were trained to fly more decreased their mass and 

particularly their muscle mass.

Therefore an alternative explanation for the consistent mass trajectories seen here 

despite the different courtship patterns is that the increased energy expenditure under 

the female zebra finch treatment was paid for by a decrease in the mass-specific costs of 

locomotion, metabolism and/or thermostasis, brought about by an overall reduction in 

body mass (Deerenberg et al., 1996; Bautista et al., 1998; Swaddle & Biewener, 2000). 

In addition it is possible that thermostatic costs were being met to a greater extent by 

heat generated as a consequence of the additional activity as opposed to metabolic 

activity expressly for that purpose. Every metabolic process has a ceiling above which it 

cannot ordinarily rise and these ceilings depend upon whether activity is performed in 

short bursts or sustained over a period of time (Suarez, 1996). If the males’ average 

metabolic rates were running near to their aerobic limit, one means of supporting above- 

average activity without resorting to anaerobiosis would be to reduce metabolic 

overheads by reducing body mass. This hypothesis takes account of the fact that body 

masses were consistently lower throughout the day under the female zebra finch
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treatment, a fact that is somewhat at odds with any explanation exclusively involving 

compensatory foraging.

Whichever the mechanism or mechanisms by which body mass trajectory is maintained 

despite the variation in courtship hopping activity, there is clear evidence of a short­

term dynamic trade off between reproductive effort and body mass regulation as 

predicted by theory but shown here empirically for the first time.
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Table 1. Results of specific contrasts. There were significant differences in both mean 

male body mass and mean male hopping activity when the female zebra finch treatment 

was compared to the other three treatments collectively (any bird), and when the female 

zebra finch treatment was compared to the ‘no bird’ treatment.

Description Mass Hop Rate

Q conspecific v 

any bird

F l,7= 16.990 

p = 0.004*

F i>7= 8,081 

p = 0.025*

9 conspecific v 

no bird

F1>7= 18.075 

p = 0.004*

F ij7= 7.573

p = 0.028*



Figure 1. The experimental cage viewed from above. F = feed hopper, OB = opaque 

baffles, MP = microswitch perches mounted on electronic balance, S = stimulus cage. 

Heavy bars represent perches, dotted lines represent wire cage front and Perspex panel 

separating courtship and stimulus compartments. Shaded circles are food and water 

dishes.
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Figure 2 Mean body mass trajectories (±S.E.) o f  male zebra finches for each o f  the 

four treatments. X-axis values are staggered among treatments by 7.5 minutes for clarity 
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bengalese finch; Treatment 3, male zebra finch; Treatment 4, female zebra finch.
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Chapter 5. The effects of time of day and context of 

female presentation on body mass and display in male 

zebra finches

Abstract

The often-observed diel variation in male display activity in birds could be due to 

temporal variation in either the state of the male, or in the receptivity and/or 

attractiveness of the female. In this experiment we investigated these effects by 

presenting male zebra finches (Taeniopvgia guttata) with a female for discrete three 

hour periods at dawn and midday. We removed the association of the time-state of the 

two birds by desynchronising the female relative to the males’ photoperiod, such that 

they were in either a dawn or a midday state at each of the times of day when presented 

to the male. Our analysis investigated the relative importance of the time of presentation 

versus the time-state of the female to male body mass regulation and courtship activity 

patterns. We found that both the time of presentation of a female and her time-state 

affected the display activity and mass regulation of male zebra finches, but in quite 

different ways. The time of day of presentation had no significant effect on overall male 

display rates, due we believe to the discrete presentation period and the opportunistic 

breeding nature of the species. However, we found that heightened display activity at 

dawn had the effect of significantly reducing overall body mass compared to if that 

same level of activity occurred at midday. We attribute this to the enormous disparity in 

male state between dawn and midday and suggest that lowered body mass was a means 

of reducing mass-dependent costs in order for a male to finance energetically expensive 

activity at the lowest point in his diurnal mass cycle when he had the lowest food/fat 

reserves. Female time-state (independent of male time-state) has for the first time been 

shown to influence display activity of males. This effect was context dependent insofar 

as dawn-state females were only more attractive and/or responsive to males during the 

males’ dawn. Female time-state did not significantly affect the overall body mass of 

males although it did have significant effects on their body mass trajectory and we 

propose that these changes were mediated by the associated change in display pattern.
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Introduction

The majority of passerines spend a higher proportion of their time singing at dawn 

compared with other times of the day (Kacelnik & Krebs, 1982). This phenomenon, 

known as the dawn chorus, has attracted a great deal of research into its cause and 

functions (e.g. Mace, 1987a, 1987b, 1989; McNamara et al., 1987; Cuthill & 

MacDonald, 1990; Staicer et al., 1996; Thomas, 1999a). The reason why birds choose 

to spend more time singing at dawn remains a subject of debate. Singing is a costly 

behaviour, but the net costs may vary with time of day. For example, due to 

environmental conditions early in the day, sound may carry further which would 

generally be of benefit to the singer (Henwood & Fabrick, 1979). Kacelnik (1979) 

suggested that foraging may be less profitable early in the day owing to reduced light 

intensity and therefore it was more efficient to sing, and postpone feeding until later in 

the day. Causal and functional explanations may be intertwined, for example Mace 

(1987a) found a direct relationship between female fertility and male song output at 

dawn, suggesting a role of the dawn chorus in mate guarding in response to heightened 

i female fertility. There are occasions when the function of dawn choruses cannot be

! linked to mate guarding, for example in unpaired males or those of polygynous species

| (see Cuthill & MacDonald, 1990); this favours a more general explanation stemming
[I
| from optimal policies and diurnal variation in costs.
i

j

Theoretical models, constructed using stochastic dynamic programming, have sought to

| explain the dawn chorus by weighing up the costs of singing versus foraging relative to

male state, starvation risk and environmental stochasticity (Houston & McNamara,

1987; McNamara et al., 1987; Hutchinson et al., 1993). These models have 

demonstrated that the dawn chorus could be generated by variation in overnight energy 

; expenditure irrespective of any other daily patterns in the environment, for example

female fertility. Empirical tests of these models have shown that the timing and duration 

of the dawn chorus is linked to a males nutritional state and ambient temperature, in 

addition to his mate’s fertility (Cuthill & MacDonald, 1990, Thomas, 1999a, 1999b). 

Although the theory has been developed with singing it mind, it can equally be applied 

to any mate attracting behaviour as long as it both consumes energy and is incompatible 

with foraging, criteria fulfilled by the display hopping of male zebra finches associated 

| with stage 1 & 2 courtship routines of that species (see Zann, 1996).
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It has already been shown that male zebra finches are able to assess aspects of female 

state and/or attractiveness and vary their behaviour accordingly. Monaghan et al. (1996) 

provided clear evidence that males were able to recognise more fecund females and 

selectively pair with them. In the present experiment we consider the effects of the time 

of presentation of females and female temporal state on the diel patterns of display 

activity and body mass regulation in male zebra finches.

Methods

We conducted this experiment using a group of eight male and a separate group of eight 

female zebra finches. The two groups were obtained from different suppliers and had no 

prior experience of each other. Males birds wore a single numbered orange leg band and 

females wore none. All birds were sexually mature and the females used were known to 

be between 2 and 4 years of age. Sexes were housed in visual but not aural isolation 

prior to the experiment and during the intervening periods between treatments. The 

prevailing photoperiod was 12:12 L:D (without simulated dawn or dusk, see chapter 3) 

with daylight completely excluded from the laboratory. Room temperature was kept 

relatively constant at mean + S.D. = 21.0 ± 3.1°C by means of thermostatically 

controlled heating and ventilation. Birds were provided with ad libitum water and food 

in the form of a proprietary seed mix. In addition they were provided with shell grit and 

cuttlebone.

Eight experimental cages (1.5 x 0.3 x 0.4 m high, Figure 1) were employed, each 

consisting of three equally sized sections: food, courtship and stimulus. The 

experimental male had access to the food and courtship sections and the stimulus 

section was occupied periodically by the female zebra finch stimulus. The food and 

courtship sections were separated by opaque baffles which permitted the male to move 

freely from one section to the other but prevented him from simultaneously feeding and 

being in visual contact with the stimulus section. The courtship and stimulus sections 

were separated by a transparent Perspex panel (0.15 cm thick). The food section 

contained a food hopper and water dish together with a microswitch feeding perch that 

recorded the time and duration of feeding bouts (provided that the male chose to feed
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from this perch). The courtship section contained a set of four microswitch perches that 

recorded the temporal and spatial patterns of hopping activity and were mounted on an 

electronic balance. The four perches, made from 5 cm lengths of wooden dowel, were 

arranged in a square with opposite pairs set 12 cm apart and each perch 14 cm above the 

cage floor.

The stimulus section was equipped with two perches set at the same height as the 

microswitch perches. The wall of the right-hand subsection against which female 

stimulus birds were viewed was white. The stimulus section was bedded with 

composted wood bark. The food and courtship sections were not bedded to prevent 

excessive debris being deposited by the males on either the perch mechanisms or the 

balances.

The experimental protocol involved using stimulus females whose time-states had been 

manipulated according to four treatments (see table 1). Females were presented to the 

males for discrete 3 hour periods corresponding to prevailing dawn or midday at which 

time the female’s own internal clock was set to either dawn or midday. During 

treatments, each lasting five days, females were presented to all eight males in the 

treatment order 1, 2, 3 then 4 (table 1). The order of presentation was not randomised 

due to the practical considerations of desynchronising the females (see below), 

however, to reduce any carry-over effects males were allowed six days rest between 

treatments. Males were moved from their housing cages into the experimental cages one 

day prior to the first day of each treatment and all birds were returned to their housing 

cages on the day following the last day of each treatment. In the case of treatments 

presented at dawn, females were moved from their housing cage into the experimental 

cages immediately after the laboratory lights came on.

Except when being presented as stimuli, females were kept in a specially constructed 

light-sealed cage which had its own built-in lighting and ventilation. This enabled the 

females’ time frame to be manipulated independently of the prevailing photoperiod. To 

avoid light contamination, all maintenance of this cage, and moving of birds, took place 

when internal and external environments were both experiencing ‘daylight’. Females 

remained on a 12:12 photoperiod irrespective of treatment. The transition of females
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from one time frame to another was introduced gradually over two days and females 

were then given a further four days to adjust before the next treatment began.

We investigated the effect of treatment on within-individual variation in body mass and 

hop rate using repeated measures ANOVA designs in SPSS 8.0.0. In addition we 

investigated the effect of treatment on the diurnal mass trajectory and organisation of 

hopping behaviour by considering the interaction between treatment and time of day 

(treatment*time). The data for each individual were averaged across the five days of 

each treatment. Body mass and display hopping data were condensed into mean mass 

per half hour interval and total number of hops per half hour (i.e. hop rate) over the 

course of each day.

More specifically, we looked at contrasts between pairs of treatments to examine the 

effects of female temporal state (treatments 1&3 versus 2&4) as opposed to the time of 

presentation of female (1&2 versus 3&4) on male body mass and hopping activity. This 

allowed us to achieve the core objective of this experiment which was to disentangle the 

effects of the time of presentation and time-state of the female on the diel mass 

regulation and display strategies of male birds.

All repeated measures ANOVA statistics given are univariate and where assumptions 

about sphericity were violated the Huynh-Feldt Epsilon corrected statistic is quoted. 

Two-tailed tests of probability are used throughout.
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Results

Body mass regulation

The statistics showed a significant effect of treatment on male body mass (Figure 2; 

F3,2i= 10.971, P < 0.0001). Figure 2 indicates that the lowest overall male body masses 

were under those treatments where the female was presented at dawn while the higher 

male body masses were under those where she was presented at midday. There was also 

a highly significant effect of the treatment*time interaction term on body mass (F69,483 = 

3.417, P < 0.0001) which indicated that the shapes of the daily body mass curves 

(trajectories) varied between treatments (see Figure 2).

The contrast to investigate the effect of time of presentation period on male mass 

(treatments 1&2 versus 3&4) revealed a significant effect (Figure 3; F i>7= 19.134, P = 

0.003), again with lower masses during the ‘female presented at dawn’ treatments and 

I higher masses during the ‘female presented at midday’ treatments. This result indicated

I that the time of presentation (i.e. an effect linked to the time-state of the male) had a
i

! significant effect on his body mass regulation, independently of how the female
f

I perceived the time of day. The effect of presentation period on mass trajectory was not

i  quite significant at P = 0.079 (F1.70,11.90 = 3.29).
1
1
|
| A second contrast tested the effect of female temporal state on male mass regulation

I (treatments 1&3 versus 2&4). There was no significant effect on male mass per se

(Figure 4; Fi>7 = 2.647, P = 0.15) although the tendency was for males to be lighter 

during the dawn-state female treatments. There was, however, a significant effect on 

body mass trajectory (female time state*time: F3.95)27.64 = 3.958, P = 0.012) manifested 

as a plateau around midday followed by a sharp rise towards dusk under the treatments 

where the female considered it to be around midday when she met the male, compared 

to a more typical (near linear) curve under the dawn-state female treatments.

Display hopping activity

There was no effect of treatment on overall hopping activity (Figure 5; F3>2i = 1.372, P = 

0.28), with each of the four treatments showing a similar mean hopping rate. There was 

however a strong effect of treatment*time on hopping activity (F69,483 = 3.414,
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P<0.0001) indicating that the daily organisation of display activity differed between 

treatments, with hopping activity peaking at different times of day corresponding to the 

discrete period when the female stimulus was present.

The contrast to investigate the effect of presentation period of females to males 

indicated no effect on male hopping activity (Figure 6; Fij7= 0.402, P = 0.55) but there 

was a significant effect on the temporal patterning of hopping activity (presentation 

period*time: F2.25.i5.74 = 4.263, P = 0.03) caused by display peaks which were very 

similar in amplitude but occurred during their respective presentation period. This 

indicated that males, when presented with a female for a discrete three hour period, 

behaved opportunistically and displayed equally to her irrespective of whether it was 

dawn or midday.

The second contrast showed a significant effect of female state on hopping activity 

(Figure 7; Fi>7= 5.724, P = 0.048) with greater display effort by the male occurring at 

dawn towards a female who considered it to be dawn, as opposed to a female who 

considered it to be midday. This indicated that females who considered it to be dawn 

were more attractive and/or responsive to the males, but only in the context of the 

male’s dawn. The effect on the temporal pattern of hopping activity was not significant 

(female state*time: F2.64,i8.47= 1.256, P = 0.32).

Discussion

The results showed that the time of presentation coupled with the temporal state of the 

presented female had significant effects on male body mass and mass regulation 

strategy, and while overall hopping activity did not differ there were significant effects 

of treatment on hopping activity patterns over time of day. The core issue however was 

to disentangle the effect of the time-state of the female zebra finch from that of the time 

of day at which she was presented. To explore this question we looked at pairwise 

contrasts between treatments.

We found no effect of presentation time on overall hopping activity, which in both 

treatments (dawn and midday presentation time) was consistent in peaking at around
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225 hops per half hour (figure 6). In passerines in general, dawn (and to a lesser extent 

dusk) is the period of the day when courtship activities are at their peak and towards 

midday courtship activity begins to decline markedly. Such routines have been 

consistently demonstrated in zebra finches (Dali & Witter, 1998; chapters 3, 4, 6 & 7 of 

this thesis) but in these cases the opportunity for interaction between the male and 

female was not restricted to discrete times as in the present study. Given that in the 

present study, daily courtship was limited to a three hour period, it is unsurprising that a 

strongly opportunistic breeder like the zebra finch (Zann, 1996) opted to maximise that 

opportunity whether it occurred at dawn or midday. Despite these similar peaks of 

activity at dawn and at midday there was a significant disparity in mean body masses 

which were between 2.7% and 5.9% lower during the dawn presentation treatments 

(figure 3). The reason behind this disparity may be related to the states of the males at 

dawn compared to midday. The costs of being fatter are well documented (Hainsworth, 

1978; Witter & Cuthill, 1993; Gosler et al., 1995; Houston et al., 1997) and a key 

assumption of models of avian mass regulation is that individuals will seek to minimise 

their risk of overnight starvation by attaining an optimal body mass the previous dusk 

(Houston & McNamara, 1987; McNamara et al., 1987). In a stochastic environment 

individuals will budget for a worst-case scenario of overnight conditions. On those 

occasions therefore where the reality is better than the forecast, individuals will find 

themselves at dawn with energy reserves greater than zero. In this study, environmental 

conditions were stable and we would have expected target levels of dusk mass (relative 

to the mass of the individual) to remain approximately constant. Moreover, given the 

absence of any discernible stochasticity, theory would predict that the birds would 

arrive at dawn with energy reserves tending towards zero. We know from our 

measurements in general that body masses were always lowest at dawn which in turn 

meant that fat/food reserves (Gosler et al., 1995) and also mass-dependent costs were at 

their lowest. Following a 12 hour fast (during darkness), the gut contents would also 

have fallen to their lowest level and indeed it is highly likely that the gut would have 

been completely empty (Cade et al., 1965). In contrast, males at midday would have had 

intermediate body masses (which equated to intermediate fat/food reserves) and 

therefore an intermediate degree of mass-dependent costs. The gut content at midday 

would probably not have been full but certainly would have been substantially fuller 

than at dawn.
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Despite the very different states of the males at dawn versus midday we measured near 

identical levels of display activity. Clearly, although the absolute costs of the display 

activity at dawn and at midday would have been very similar, the costs relative to male 

state must have been different. The significantly decreased body masses which 

accompanied the ‘presented at dawn’ treatment introduced an effect of treatment on 

male state whereby mass-dependent costs (Hainsworth, 1978; Witter & Cuthill, 1993; 

Gosler et al., 1995; Houston et al., 1997) would have been significantly lower during 

that treatment. Although there was no evidence in the present study that the overall 

workload varied between treatments, there was a disparity in male energetic state 

despite which a similar level of work was performed. Other studies have found 

relationships between increased workload and decreased body mass. Deerenberg et al. 

(1998) found that zebra finches that were required to work harder for food rewards 

actually had lower overall daily energy budgets coupled with lower body masses. The 

authors speculated that apart from a reduction of mass-specific costs, other mechanisms, 

for example nocturnal and even diurnal hypothermia, were employed to finance 

heightened workloads. Bautista et al. (1998) found a similar result using European 

starlings (Sturnus vulgaris) that were subjected to hard and easy foraging modes. Under 

the hard treatment the daily amount of work was greater but overall daily energy 

expenditure was lower, as too was body mass. Finally, Swaddle & Biewener (2000) 

demonstrated that starlings that were trained to fly more, decreased their body mass, 

specifically their muscle mass, which appeared to be a means of lowering mass- 

dependent costs of locomotion.

The significant decrease in body mass that occurred during the ‘presented at dawn’ 

treatments, and the concomitant mass-dependent energy saving, may be the way in 

which a significantly lighter bird, with low reserves and an initially empty crop and gut, 

financed the same level of activity as it achieved when heavier and fatter, while 

simultaneously maintaining the same mass trajectory. The benefit to the individual was 

the performance of a vigorous display at dawn with the reproductive advantages that 

may have brought (Cuthill & MacDonald, 1990), while the cost it paid was a heightened 

risk of starvation owing to a much reduced body mass (Houston & McNamara, 1987; 

McNamara et al., 1987; Witter & Cuthill, 1993).
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When we considered the data in terms of the effect of female state (i.e. presenting her to 

the male when she was either in a dawn or a midday time-state) we found a significant 

effect on male display rate (figure 7) and also on male body mass trajectory (figure 4). 

Although there was no significant effect on overall mass per se, there was a tendency 

for males to be lighter under the dawn-state female treatments. The significant variation 

in body mass trajectories between female state treatments appeared to be due to the 

higher initial gain in male mass under the midday-state treatment that accompanied the 

reduced level of hopping during the first hour of the day. This initial gain was followed 

by a plateau around midday which differed from the more typical mass curve seen under 

the dawn-state treatment. The decrease in body mass between treatments, although not 

significant, could be viewed as analogous to the situation described for the effect of the 

time of presentation. That is to say, the increased display activity directed towards 

dawn-state females at dawn, by males in their lightest and least-fed state, was being 

financed by a sacrificial decrease in body mass which made additional energy available 

by reducing mass-dependent costs (Bautista et al., 1998; Deerenberg et al., 1998; 

Swaddle & Biewener, 2000).

The effect of dawn-state females on hopping activity was to make the dawn display 

effort higher in mean amplitude but otherwise, across the remainder of the day, hopping 

activity was near to identical between treatments. Courtship in zebra finches is a 

strongly interactive process, generally initiated by the male and thereafter involving 

stereotypical parallel hopping and hop-pivot dancing, much of which is reciprocated by 

the female (Morris, 1954, Immelmann, 1959 & 1962 as cited by Zann, 1996; Zann, 

1996). Therefore, the role of the female is far from passive and her perceived 

attractiveness and/or responsiveness will influence the duration and amplitude of male 

display. Dawn is the natural time of day for courtship events (Kacelnik & Krebs, 1982; 

Mace, 1987a, 1987b, 1989; Cuthill & MacDonald, 1990; Thomas, 1999a, 1999b) and 

this study has confirmed that females were more attractive and/or responsive to males 

when the females were in a dawn-state as compared to a midday-state. The relationship 

between attractiveness/responsiveness and female state would appear to be context 

dependent as there were apparently no differences in display effort between the two 

groups corresponding to the presentation at midday. We therefore surmise that a dawn- 

state female is only more attractive/responsive when presented in the context of the 

prevailing dawn.
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In conclusion we found that there were effects of both presentation time and time-state 

of the female on diel patterns of display hopping and body mass regulation in male 

zebra finches. We surmise that the effects of presentation time on mass regulation are 

strongly related to differences in male state between dawn and midday- specifically that 

the costs of display relative to male state are much higher at dawn and consequently 

body mass is traded off to finance those costs. This study has also demonstrated that 

female time-state influences her attractiveness and/or responsiveness to courting males- 

an effect never previously demonstrated. Females in the dawn-state evoked a more 

sustained display effort from the males, but only when presented in the context of the 

males’ dawn.
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Table 1. Description of the four treatments. In each case the male experienced dawn at 

1000 hours, so that in treatment 2 he saw a female for the first three hours of his day, 

whereas from her perspective it was already midday. Conversely, in treatment 3, the 

male first encountered the female five hours after his dawn, but when she was just 

experiencing dawn.

Time of 

Presentation 

to Male

Dawn (1000 to 

1300 hours)

Treatment 1 Dawn Female

Female experiences dawn at 

1000 hours (not desynchronised)

Treatment 2 Midday Female

Female experiences dawn at 

0500 hours (desynchronised)

Midday (1500 

to 1800 hours)

Treatment 3 Dawn Female

Female experiences dawn at 

1500 hours (desynchronised)

Treatment 4 Midday Female

Female experiences dawn at 

1000 hours (not desynchronised)
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MPOB

Figure 1. The experimental cage viewed from above. F = feed hopper, OB = opaque 

baffles, MP = microswitch perches mounted on electronic balance, S = stimulus cage. 

Heavy bars represent perches, dotted lines represent wire cage front and Perspex panel 

separating courtship and stimulus compartments. Shaded circles are food and water 

dishes.
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Figure 2. Mean body mass trajectories (± S.E.) of male zebra finches under four treatments, 
differing in both the time of day at which a female was presented and the time of presentation as 
perceived by the female (see text and table 1 for further clarification). X-axis values are offset 
between treatments by 6 minutes for clarity (to prevent error bars from overlapping). Treatment 
L dawn female zebra finch presented to the male at his dawn; Treatment 2. midday female 
presented at dawn; Treatment 3, dawn female presented at midday; Treatment 4. midday female 
presented at midday. Presentation periods were 1000 to 1300 hours (dawn) or 1500 to 1800 
(midday).
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Figure 3. Mean body mass trajectories (± S E ) o f  male zebra finches showing effect

due to presentation time; Treatments 1&2 (female presented at dawn) versus 3&4

(female presented at midday). Otherwise data presented as in Figure 2.
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Figure 5. Mean hop rate trajectories (± S.E.) o f  male zebra finches under the four

treatments Data presented as in Figure 2.
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Chapter 6. Arbitrary symmetrical traits of females: their 

effect on diel patterns of display and mass regulation in 

male zebra finches

Abstract

Within a fixed time interval, increased time devoted to courtship should decrease the 

amount of time available for other activities, such as those related to body mass 

regulation. The attractiveness of prospective mates should influence the amount of time 

that males devote to courtship. Here there is a potential trade-off between investment in 

courtship behaviour and maintenance of body mass. We investigated the effects of 

arbitrary symmetrical and asymmetrical traits of females on the body mass regulation 

and directed courtship display activity of male zebra finches, Taeniopvgia guttata. 

Female conspecifics, wearing leg bands (two per leg) in either symmetrical or cross- 

asymmetrical arrangements, were presented singly to the males and allowed to interact 

through a wire screen. We found no significant differences in male average body mass 

or daily trajectory of body mass between the leg band treatments, suggesting that leg 

bands did not influence the trade-off between courtship and feeding activities. Nor were 

there any effects of leg band treatments on the mean rate or daily pattern of directed 

display activity, or the proportional use of the most preferred hop perch. There was also 

no significant effect of female identity (irrespective of band symmetry) on male body 

mass. However, there was a significant effect of female identity on directed display 

activity performed by the males. Therefore, while males showed preferences for 

particular females there was no evidence that arbitrary symmetry influenced males’ 

perception of female attractiveness. This was in contrast to the case of female choice, 

where symmetry enhances male attractiveness, and indicated that male zebra finches are 

unlikely to be attentive to arbitrary symmetrical traits in females.
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Introduction

Within the boundaries of a given day, an animal must make numerous decisions about 

the amount of time it allocates to different behaviours, and any time allocated to a given 

behaviour must detract from the amount of time spent performing an alternative one. 

Trade-offs between body mass regulation and reproduction have traditionally been 

viewed as ultimate mechanisms affecting survival and reproductive success (Elmberg & 

Lundberg, 1991). However, there is also a proximate trade-off between diurnal body 

mass regulation and investment in reproductive activities. This trade-off could be 

viewed either in terms of the allocation of biochemical resources to somatic tissue as 

opposed to gonadal tissue (McManus & Travis, 1998) and/or in terms of time or energy 

allocated to body mass maintenance and courtship behaviour (Cavallini, 1998;

Michener, 1998).

Theoretical models have examined the optimal diurnal patterns of body mass regulation 

and mate attraction behaviour in birds (Houston & McNamara, 1987; McNamara et al., 

1987) and although the underlying theory was developed with singing in mind, it can 

equally be applied to any courtship behaviour as long as it is both energetically costly 

and incompatible with foraging (Hutchinson et al., 1993). Previous empirical work (e.g. 

Mace, 1989; Cuthill & MacDonald, 1990) has focussed only on the temporal pattern of 

male display behaviour, whereas it is the dynamic interaction between display and mass 

regulation which is central to the theoretical predictions. Since courtship activity tends 

to be greatest in the early morning and late evening, an increase in courtship (besides 

being energetically expensive) may affect both the total amount of time devoted to 

feeding and the temporal pattern of foraging, hence altering the mean body mass and/or 

daily mass trajectory.

There has been much recent interest in the role of fluctuating asymmetry in evolutionary 

processes (Watson & Thornhill, 1994; Moller & Swaddle, 1997). It is hypothesised that 

fluctuating asymmetry may have an effect on the signalling properties of secondary 

sexual traits and therefore play an important role in sexual selection (Moller, 1990). 

There is some empirical evidence to support this (Oakes & Barnard, 1994; Swaddle & 

Cuthill, 1994a; Morris & Casey, 1998) although a growing body of evidence implies 

that this relationship may not be generalised (Swaddle, 1999; Swaddle, 2000).
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Arbitrary symmetrical traits (specifically coloured plastic leg bands) have been shown 

to influence female choice in the zebra finch, Taeniopygia guttata (e.g. Swaddle & 

Cuthill, 1994b; Bennett et al., 1996; Swaddle, 1996; Waas & Wordsworth, 1999; but 

see Jennions, 1998 for an exception). Similar experiments with bluethroats Luscinia s. 

svecica have claimed male and female sexual preferences are both influenced by leg 

band symmetry (Fiske & Amundsen, 1997; Hansen et al., 1999), however both these 

experiments confounded the symmetry manipulation with other visual cues (see Rohde 

et al., 1997; Swaddle, 1997 for a discussion).

Swaddle & Cuthill (1994b) found that female zebra finches preferred males wearing 

symmetrically arranged leg bands. Their experimental design used one-way mirrors 

which allowed the female to see the stimulus male but not vice versa. This prevented 

interaction between the male and female but the orientation of the one-way mirror 

meant that the male stimulus bird may have observed the mirror image of himself which 

could have influenced his behaviour and hence attractiveness. However, studies where 

the male could not view himself have also produced the same results, indicating that 

females preferred males wearing symmetric leg bands (Bennett et al., 1996; Swaddle, 

1996; Waas & Wordsworth, 1999). Waas & Wordsworth (1999) did not find a 

preference for leg band symmetry when males could neither view their own reflection 

nor the female. When taken in the context of the earlier work by Swaddle & Cuthill 

(1994b) this suggests that male zebra finches may be sensitive to arbitrary symmetry in 

an intra-sexual context (c.f. Malyon & Healy, 1994).

Phenomena such as anisogamy and female-biased parental investment are likely to 

make female mate choice more prevalent and influential than male mate choice 

(Andersson, 1994). The latter can however be expected to occur to varying extents in 

monogamous species or in those species in which breeding is highly synchronised 

(Owens & Thompson, 1994; Kuester & Paul, 1996; Amundsen et al., 1997). The zebra 

finch fulfils these criteria (Zann, 1996) and male zebra finches have been shown to 

display quantifiable preferences for specific females (Burley, 1981; Burley et al., 1982; 

Monaghan et al., 1996).
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Having already demonstrated that the presence (chapter 4) or attractiveness/ 

receptiveness (chapter 5) of female zebra finches influenced the dynamic trade-off 

between body mass regulation and courtship behaviour in males, we investigated the 

effect of arbitrary symmetrical traits of stimulus females on this trade-off. This allowed 

us to assess whether an arbitrary symmetrical trait influenced the attractiveness of 

female zebra finches in the same way as it has been shown to affect the attractiveness of 

males of this and other species. As in previous experiments, male preference was 

assessed by the rate and pattern of hopping directed towards the female stimulus bird . 

Simultaneously, we recorded the diurnal pattern of body mass regulation of each male.

If male zebra finches were attentive to arbitrary symmetrical traits in female 

conspecifics we predicted that they would show greater directed hopping activity 

toward symmetrically banded females. Further, if males were attentive to arbitrary 

symmetry we predicted that there would be an interaction between hopping activity and 

body mass regulation whereby individuals would trade-off mass (or time spent 

foraging) for increased time and energy devoted to courtship.



Methods

Subjects & Housing Conditions

Eight male and eight female wild-type zebra finches were used in this study. To ensure 

that the two sexes had no prior knowledge of one another we obtained the sexes from 

separate breeders. None of the males had bred for at least one year prior to the start of 

this study, and none of the females had bred at all. All birds were between 2-4 years old. 

When not being used in the experiment, all birds were housed in single sex cages (99 x 

29 x 39 cm high) located in the same room. The cages were arranged such that the two 

sexes were visually, but not acoustically, isolated from one another. Throughout the 

experiment (and for 3 months beforehand) all birds were maintained on a 14:10 h 

light/dark photoperiod which included one hour of artificial dawn and one hour of 

artificial dusk. During these periods the light intensity increased (at dawn) and 

decreased (at dusk) by means of the sequential switching of a complex lighting array. 

Temperature within the room was maintained at mean ± S.D. = 19.49 ± 2 .10°C, n=864, 

before and during the experiment. Fresh drinking and bathing water, mixed seed, oyster 

shell grit and cuttlebone were provided ad libitum. In addition, all birds were provided 

on alternate days with freshly cut grass except when occupying the experimental 

apparatus. All daily husbandry procedures were carried out during the middle hour of 

the day when activity amongst the birds was relatively low, in order to minimise and 

standardise disturbance.

Experimental Cages

The eight experimental cages (147 x 29 x 39 cm high; Figure 1) consisted of three 

equally sized sections: food, courtship and stimulus. In each cage a male had access to 

the food and courtship sections and a female was placed in the stimulus section. The 

food and courtship sections were separated by a pair of opaque baffles which permitted 

the male bird to move freely between these two sections but prevented the male from 

viewing the female whilst he was in the feeding section. The courtship and stimulus 

sections were separated by a stainless steel mesh composed of vertical wires of 1mm 

diameter set at 15 mm centres with a single horizontal wire set above the birds' line of 

view. The food section contained a water dish and a food hopper that was accessible 

from a microswitch perch, however, the male birds did not always choose to feed from
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here. The courtship section contained a set of four microswitch perches arranged in a 

square with opposite pairs set 12 cm apart and 14 cm above the cage floor, hence these 

perches varied in their distance and orientation to the female. The perches were made 

from 5 cm lengths of 1.3 cm diameter dowel. These perches recorded the temporal and 

spatial pattern of display hopping activity. The wire mesh which separated the courtship 

and stimulus sections was 4 cm from the nearest display perch. The time of day and 

duration of hopping activity on all microswitch perches was recorded remotely on a PC. 

Male zebra finches hop repeatedly between adjacent perches or perform 'head-tail 

twists' as part of their courtship display (Morris, 1954; Zann, 1996), and so this 

apparatus provided a reliable method of automatically recording sexual display activity. 

The set of four display perches was mounted on an electronic balance (Sartorius PT- 

610) which read to 0.1 g accuracy. The balances from each of the 8 experimental cages 

were connected to the PC, allowing automated recording of body mass of each male. 

Computer software automatically detected and corrected for drift in the output of the 

balances.

The stimulus (i.e. female) section was equipped with two perches positioned 7 cm and 

42 cm from the dividing wire mesh and set at the same height as the male display 

perches. The back wall of the stimulus section was white so that the male always 

viewed the stimulus female against a white background. The stimulus section was 

bedded with composted wood bark, but the floor of the food and courtship sections was 

plain hardboard, to prevent excessive debris being deposited by the males on either the 

perch mechanisms or the balances.

Band Combinations

We used four of the band combinations (two symmetrical and two cross-asymmetrical) 

used by previous studies (e.g. Swaddle & Cuthill, 1994b; Waas & Wordsworth, 1999).

It has been shown that male zebra finches prefer black banded females and dislike those 

wearing light green bands (Burley, 1981; Burley et al., 1982). We therefore used these 

two colours, light green (G) and black (B), due to their contrast in both colour and male 

preference. All females wore four bands in total, with one of each colour on each leg. 

The consequence of this was that the total colour per female, and also the total colour on 

each leg, was constant for all treatments, with only relative symmetry being varied. The
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four treatments in order 1 to 4 were GB:GB, BG:BG, BG:GB and GB:BG (given as 'top 

left /bottom left: top right/ bottom right). Treatments 1 and 2 are symmetrical and 

treatments 3 and 4 are asymmetrical. Leg bands were supplied by A C. Hughes Ltd. 

(Middlesex, U.K.)

Experimental Procedure

Each female was presented to each male on four occasions and on each occasion the 

female wore a different leg band arrangement. The experiment was divided into four 

blocks of eight days. During each block the experimental males were presented with 

each of the eight females for one day. The order in which the females appeared and the 

band arrangements they wore were randomised except that the same band arrangement 

(albeit on a different female) was not presented to a given male bird on consecutive 

days. Hence males could not predict which female or leg band treatment they would 

experience on any day of the experiment. In between the four experimental blocks all 

birds were returned to single sex cages (which were in visual isolation) for two full 

days. During trials, female birds were moved between cages during the last six minutes 

of the day during which time the light level had fallen to near darkness and the male 

birds were virtually inactive. This ensured that the correct female was in place at first 

light the next day and that no disruption occurred at dawn.

Statistical Analyses

Repeated-measures ANOVA tests were used to determine whether the different leg 

band combinations had any significant effects on male mass regulation or hopping 

activity patterns. Display perch activity and mass data were condensed into total perch 

movements and mean mass per half hour interval respectively. Only data for the period 

of daylight were used in the analyses, giving 28 data points per parameter for each bird 

on each day. The repeated measures model contained two within-subject variables, 

namely Treatment (4 levels) and Time of Day (28 levels). For each male, body masses 

and hopping rates at each time of day were averaged across the 8 stimulus females 

presented for a given treatment. We also examined the effect of the individual females' 

identity (irrespective of leg banding symmetry) on male mass regulation and activity 

patterns. Data were again condensed into 28 daily intervals, and the repeated-measures
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model contained two within-subject variables, Female (8 levels) and Time (28 levels). 

The attentiveness of males towards females was ranked in terms of total hops performed 

by each male to a particular female. The level of agreement between the attentiveness 

hierarchies of the males was found by calculating Kendall's coefficient of concordance 

(W).

Differences in the proportional use of hop perch 1 (see Figure 1 to identify this perch), 

were considered among treatments and also in terms of female identity. Perch 1 was 

chosen for detailed analysis because it was, on average, the most used perch and offered 

an orientation commonly adopted during courtship (see later). This perch was 

considered in isolation in order to preserve the independence of data points. The 

proportional use was measured by calculating the (arcsin-transformed) proportion of the 

total hops performed on display perch 1 per half hour interval.

The repeated measures ANOVA statistics presented here are either univariate or 

multivariate as appropriate depending on the outcome of Mauchly's test of sphericity 

(Zar, 1996). Two-tailed tests of probability were used throughout.
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Results

There was a significant effect of time on hop rate (F27,i89= 13.60, P < 0.0001) and on 

body mass (F27,i89 = 72.66, P < 0,0001), which simply confirmed that that the temporal 

pattern of both hopping activity and body mass fluctuated throughout the day. Flowever, 

there were no significant effects of leg band combinations on either male mass or 

hopping activity, (mass F3,5= 1.37, P = 0.35, Figure 2; hop rate F3,2i = 0.32, P = 0.81, 

Figure 3). The treatment-by-time interaction term relating to hop rate was also not 

significant (F8i,567 = 0.71, P  = 0.97) and by tending towards unity it suggested that the 

daily trajectory (i.e. pattern) of hopping activity was highly consistent among leg band 

treatments (Figure 3). The treatment-by-time interaction term for body mass was also 

not significant (Fgi)567= 1 06, P = 0.35), indicating that body mass trajectories did not 

differ among leg band treatments.

When effects of leg band combinations were ignored, and data were analysed only in 

terms of effects due to female identity, there was no significant effect of female identity 

on body mass (F^i = 3.36, P = 0.40; Figure 4). However, there was a significant effect 

of female on hopping activity (F^i = 293.6, P  = 0.045; Figure 5). The latter result 

indicates that males displayed more in front of certain females than others. Multivariate 

statistics are given in both cases, due to assumptions about sphericity being broken, and 

therefore female-by-time interaction terms are not available (Zar, 1996). When male 

attentiveness towards particular females was ranked in terms of total hops performed, 

there was a significant level of agreement between males (Kendall's W  = 0.33, P  = 

0.009).

Display perch 1 was the most preferred perch, and display perch 3 the least preferred 

(Figure 6). There were no significant differences in the proportional use of display perch 

1 among leg band treatments (F3>5 = 0.45, P = 0.72) or due to female identity (F7j] =

0.81, P = 0.70). There was however a significant difference in proportional use of perch 

1 across the day, with it being most heavily used in the early morning and least used at 

the very end of the day (F27,i89= 2.56, P<0.0001). The treatment-by-time interaction 

term was available only for the effect due to leg bands and there was no significant 

effect ( F8i,567 = 0.70, P  = 0.98).
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Discussion

Male zebra finches do not appear to respond (in terms of courtship activity or mass 

regulation strategy) to the symmetry of a female's coloured leg bands, in contrast to the 

situation where the sex roles are reversed (Swaddle & Cuthill, 1994b; Bennett et al., 

1996; Swaddle, 1996; Waas & Wordsworth, 1999). In the present study, no significant 

effects of leg band treatment were found on mean hopping activity rate, mean body 

mass of males, their daily pattern of hopping activity, gain in body mass or in their 

proportional usage of display perch 1. This is despite the fact that the males were clearly 

engaging in frequent bouts of courtship as is evident from the intense use of the hop 

perches in the early morning and evening, when courtship normally occurs (Mace,

1987; McNamara et al. 1987; Moller, 1991).

One way of interpreting the absence of a relationship between symmetry treatments and 

display activity may be that the design of the experimental apparatus, in particular the 

absence of a choice chamber design, was not conducive to promoting differential male 

effort in response to the various stimuli. Arguably, when presented with only one 

stimulus at a time the male bird may have opted to display maximally and/or equally to 

all stimuli, largely irrespective of phenotype. However, the aim of this experiment was 

to test the effects of arbitrary symmetrical traits on the dynamic interaction between 

body mass regulation and courtship behaviour. A choice chamber test would have ruled 

out any investigation of mass dynamics in general and specifically whether investment 

in body mass was traded-off against display effort. Therefore, the chosen experimental 

design was the more appropriate to test our specific hypothesis, particularly because it 

has already been shown to be capable of evoking and detecting this trade-off (chapters 

4, 5 & 7).

To test the idea that because rejecting an unfavourable stimulus meant refraining from 

courtship, males would opportunistically display maximally and/or equally to all 

stimuli, we removed any effects due to banding from the analysis and examined 

whether males exhibited any consistent differences in attentiveness towards the 

individual female birds. Our approach was appropriate as each female appeared before 

each male on four occasions, each time wearing a different arrangement of leg bands. 

The order in which the females were presented was randomised to minimise any
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potential systematic effects that may otherwise have arisen. Therefore, the effect of leg 

banding in this analysis is balanced and may be disregarded without risk of bias. 

Females will naturally vary in attractiveness, hence this form of analysis could reveal 

the influence of natural variance in female attractiveness on male courtship activity and 

male body mass regulation. When the data were analysed purely in terms of female 

identity (leg band treatment being ignored), there was still no effect on body mass. 

However, males did show significant and consistent (between-male) variation in their 

hopping activity in front of particular females. This refutes the notion that the male 

birds, through lack of real time choice, were displaying (or directing hopping) 

maximally to all stimulus females irrespective of artificial or natural phenotypic 

qualities. Indeed, there was a significantly consistent hierarchy of attentiveness towards 

individual females by the experimental males, as indicated by hop rate (when leg band 

symmetry was removed from the analysis).

The absence of any change in mean body mass or the daily body mass trajectory despite 

significant variation in attentiveness to individual females is somewhat anomalous. 

Theory predicts that the cost of increased courtship will be reflected in decreased body 

mass (Hutchinson et al., 1993). However, zebra finches spend approximately half of the 

day inactive (Dali & Witter, 1998) so there is considerable scope for balancing 

increased display with strategically increased foraging at the expense of time devoted to 

inactivity. An examination of the length or frequency of feeding bouts would confirm 

this, but although the experimental apparatus employed a microswitch feeding perch, it 

was, unfortunately, impossible to ensure that the male birds always perched there to 

feed. Certain individuals opted to land on the rim of the feeding dish despite efforts to 

make this an unattractive platform. Consequently, the idea that males increased their 

courtship activity but maintained their body mass by increasing their rate of food intake 

while feeding is difficult to test here (c.f. Dali & Witter, 1998, where food deprived 

zebra finches maintained their body mass but traded off energetic behaviours in favour 

of increased inactivity).

Although contrary to theoretical predictions, the lack of relationship between 

investment in courtship activity and change in body mass regulation strategies is 

supported by some observational data in other taxa. For example, there is no 

relationship between investment of time in costly mate attraction behaviour and body
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mass in a wolf spider Hygrolvcosa rubrofasciata (Kotiaho et al., 1999). Similarly, male 

body mass does not vary with rates of intrusions on to neighbouring territories to gain 

extra-pair copulations in hooded warblers Wilsonia citrina (Stutchbury, 1998).

However, several other researchers have provided correlational evidence of a trade-off 

between body mass reserves and amount of mate solicitation behaviour, e.g., in 

Richardson’s ground squirrels Spermophilus richardsonii (Michener, 1998), red foxes 

Vulpes vulpes (Cavallini, 1998) and female black grouse Tetrao tetrix (Rintamaki et al., 

1995).

Given the very marked differences in adult male and female zebra finch plumage 

(Morris, 1954; Zann, 1996) it is perhaps unsurprising that females do and males do not 

exhibit intrinsic preferences for arbitrary symmetrical traits in the opposite sex. The 

male plumage (as perceived by a human observer, but see Bennett et al., 1996 and Hunt 

et al., 1997) is greatly predisposed to reveal asymmetries due to the prevalence of 

bilateral colourful and contrasting markings. In sharp contrast the female birds' most 

prominent features (albeit from a human perspective) are her cheek bars and beak, and 

here there is limited scope to provide mate choice cues pertaining to the degree of 

plumage symmetry. It seems more likely that other signals such as bill colour (Price & 

Burley, 1994), vocalisations (Eens & Pinxten, 1998) or age and plumage brightness 

(Hill, 1993) will be used by male zebra finches in assessing potential mates.

Although males zebra finches are not attentive to arbitrary symmetry in females, there is 

a strong indication that they may use it as a signal in an intra-sexual context (see 

Swaddle & Cuthill, 1994b and Waas & Wordsworth, 1999). There is evidence in the 

literature to indicate that male zebra finches provide symmetry cues via their plumage 

(Swaddle & Cuthill, 1994a) and females are undoubtedly attentive to artificial 

symmetry cues in males. Given this evidence, but in the absence of a study which 

measures females responses to pre-existing natural fluctuating asymmetries, it would 

appear that at least one way in which male zebra finches signal their fitness is by means 

of the level of plumage or corporeal symmetry. Assuming that such signals exist, they 

could potentially be exploited by other males in male-male competitive encounters and 

in the establishment of hierarchies (Malyon & Healy, 1994). However, Swaddle (1996) 

found that the same leg band treatments as used in this study do not influence male 

dominance hierarchies when males are housed in single-sex or mixed-sex groups.
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Perch 1, which was perpendicular to the female and nearest the cage front (Figure 1), 

was generally the preferred perch with the male typically spending around 40% of his 

time there. The proportional use of this perch did not vary with leg band treatment or 

the identity of the female, but it did vary with time of day. The use of this perch 

declined throughout the day, most noticeably at dusk, while the use of perch 2 (nearest 

the female) increased sharply at this time (Figure 6). By alighting on perch 1, the male 

afforded the female a view of one or other of his flanks. This posture is typically 

adopted during the initial 'static' phase of the courtship process, when the male bird 

typically engages in serial lateral presentations to the female (Morris, 1954; Workman 

& Andrew, 1986). His posture during these displays would serve to display prominently 

his sex-specific markings (e.g. chestnut cheek patches, white spotted chestnut flanks,

I finely barred black and white throat and chest with large black margin to lower breast)

and presumably also provide an opportunity for females to assess bilateral symmetryI
| (c.f. Morris & Casey, 1998; but see Shettleworth, 1999).
i!

! The extreme difference in the use of perches 1 and 3 (Figure 6), either of which would

| afford a side-on posture, is most likely due to perch 1 being in closer proximity to the

I wire cage front from where the male had a better view of his surroundings and
j
| experienced marginally higher ambient light levels. In addition, Workman & Andrew

(1986) found a significant tendency for courting male zebra finches to display their right 

hand flanks (and thus view the female using their right eye). Perch 1 is more suited to 

presenting the right flank as it allows the male to view the other three perches and to 

access them without first turning. Presenting the right flank from perch 3 would prevent 

this, and would entail facing the back of the cage, in slightly less intense light, both of 

which are factors that may hamper vigilance.

In conclusion, this study is the first to experimentally test the attentiveness of male birds 

to arbitrary symmetrical traits in females in a manner which does not confound effects 

due to symmetry with other factors. Although there is evidence that male zebra finches 

may be attentive to such artificial traits in males, they are not attentive to arbitrary 

symmetry in females. However, there is an effect of natural variation in female 

appearance on male display activity, but this increased investment in display does not 

apparently influence body mass regulation strategies of males.
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OB

Figure 1. The experimental cage viewed from above. F = feed hopper, OB = opaque 

baffles, MP = microswitch perches mounted on electronic balance, S = stimulus cage. 

Heavy bars represent perches, dotted lines represent cage front and wire mesh 

separating courtship and stimulus compartments. Shaded circles are food and water 

dishes.
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F i g u r e  2. Mean body mass trajectories (± S.E.) of male zebra finches presented with a female 

wearing one of the four leg band treatments. X-axis values are staggered among treatments by 

7.5 minutes for clarity (to prevent error bars from overlapping). Treatment 1. GBGB; 

Treatment 2. BG BG: Treatment 3, BG:GB and Treatment 4, GB BG (G is light green, B is 

Black. Order shown as top lett/bottom left: top right/bottom right).
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Figure 3. Mean hop rate trajectories (± S.E.) o f  male zebra finches presented with a

female wearing one o f  the four leg band treatments. Data presented as in Figure 2.
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Figure 4. Mean body mass trajectories o f  male zebra finches when presented with each 

o f  the eight stimulus females (banding ignored). Error bars omitted for clarity.
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Figure 5. Mean hop rate trajectories o f  male zebra finches when presented with each of  

the eight stimulus females (banding ignored). Error bars omitted for clarity.
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Figure 6 Mean proportion o f  the total hops performed on each individual hop perch.

Data presented as in Figure 2.
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Chapter 7. The effects of food restriction on diel 

patterns of body mass and display activity in male 

zebra finches

Abstract

In general, foraging behaviour is incompatible with courtship behaviour, therefore, the 

decision to engage in courtship creates a trade-off against body mass regulation. 

Stochastic dynamic programming models predict how patterns of change in the 

environment, for example variable food availability, will influence that trade-off, and 

they examine the role of those patterns in forming and modulating the peaks of display 

behaviour at dawn and dusk common in many small passerines. We investigated the 

effects of food restrictions on the temporal patterns of body mass regulation and 

directed hopping display of male zebra finches (Taeniopygia guttata). Our results are 

contrary to theoretical predictions and a number of similar empirical studies. We found 

significant effects of variable foraging success on the trajectory of body mass across the 

day, however, we found no effects on mean body mass, mean directed hopping activity 

or hopping activity trajectories. There was in fact a non-significant tendency for 

hopping activity to be higher or highest specifically during periods of the day when 

food was unavailable. A cost of courtship is time lost from foraging and an anomaly is 

that when foraging is not possible these costs become zero. During food restriction 

therefore, courtship is relatively less costly but the risk of starvation is greater - however 

male zebra finches appeared to overlook this increased risk. Males responded quickly to 

changes in the temporal pattern of food availability and their responses remained 

consistent throughout the duration of each treatment. This implied that the males’ 

strategy was to base the state of their reserves on current as opposed to historical 

information. Given the plasticity with which somatic reserves were regulated, male 

zebra finches would appear to be well equipped to adopt that strategy.
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Introduction

Recent stochastic dynamic programming models of the diurnal organisation of courtship 

and foraging in small passerines (Houston & McNamara, 1987; McNamara et al., 1987; 

Hutchinson et al., 1993) have explored the optimal routines which arise from the basic 

assumptions that courtship is both costly and mutually exclusive with foraging activity. 

These models predict the ways in which the dynamic interaction between foraging and 

courtship behaviour will vary with circadian patterns in the environment (for example 

ambient temperature and food availability) to allow the individual to maximise its gain 

from courtship while simultaneously avoiding starvation. Specifically the models 

predict daily routines of courtship with peaks at dawn and dusk, similar to those of 

many species of songbird, and that variability in foraging success will reduce display 

levels and increase body mass. A key assumption of these models is the existence of a 

crossover point in food reserves below which it is optimal to forage and above which it 

is optimal to display. An increased probability of foraging being interrupted increases 

the level of this crossover point, as an insurance against arriving at dusk with 

insufficient reserves, which therefore leads to the reduced display effort and elevated 

body mass as described.

Several empirical studies have tested certain predictions of these models. In 

greenfinches fCarduelis chloris L .V predictable foraging success led to reduced body 

masses and vice versa (Ekman & Hake, 1990). In great tits (Paras major), delaying the 

start of feeding led to increased dawn masses, while unpredictable food availability led 

to greater daily mass gains (Bednekoff & Krebs, 1995). In blackbirds (Turdus meralaL 

food supplementation has been shown to increase the duration and magnitude of 

courtship song in paired males (Cuthill & MacDonald, 1990) while food deprivation has 

been shown to induce increased body masses in European starlings (Sturnus vulgaris) 

(Witter et al, 1995; Witter & Swaddle, 1997). A study by Dali & Witter (1998) on zebra 

finches (Taeniopygia guttata) found no variation in body mass regulation before and 

after a period of unpredictable foraging interruptions, but did find a reduction in 

energetically expensive activities following the treatment. Lucas et al. (1999) 

considered the effects of body mass and food availability on both song and non-song 

vocalisations. They found, in general agreement with theory, that song rates were 

highest in birds with relatively high dawn mass but that non-song vocalisations were
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negatively correlated with body mass and therefore may be a signal used by birds facing 

energetic stress. Other empirical tests have shown, in European robins (Erithacus 

rubecula), that both an increase in foraging success and a reduction in the variability of 

foraging increased the output of display (singing) behaviour (Thomas, 1999a, 1999b). 

Cuthill et al. (2000) tested the effects of unpredictable food availability on the body 

mass regulation of European starlings and found that dawn mass, dusk mass and daily 

mass gain were all increased. With the exception of Dali & Witter (1998), these 

examples collectively support the modelling predictions that predictable foraging 

success will lead to decreased body mass and increased display effort, and vice versa.

All of these studies have examined the effects of feeding manipulations on either body 

mass regulation or courtship activity in isolation but none have looked at the dynamic 

interaction between body mass regulation and courtship behaviour that is central to the 

models. By restricting food during distinct periods in an individual’s day we explored 

the short-term consequences for body mass maintenance and display hopping activity 

with particular reference to the period of restriction. The predictions of Hutchinson et al. 

(1993) assumed that shortening daylength decreased the energy available to a bird but 

this did not allow for the possibility of compensatory foraging if feeding conditions 

were particularly good, and the predictions of McNamara et al. (1987) envisaged the 

timing of interruptions being variable within and between days. Our experiment did not 

therefore explicitly test predictions of either model as birds enjoyed ad libitum food 

availability outwith restriction periods and the timing of our restrictions were constant 

within a treatment. We predicted that during the third of the day when food was 

unavailable, individuals would seek to limit their mass loss by reducing energetic 

activities such as display behaviour. However, the extent to which individuals varied the 

trade-off between body mass maintenance and display activity when faced with food 

restriction was predicted to vary also with the timing of the restriction. Display 

behaviour appears to be more important at certain times of day (e.g. dawn) therefore 

individuals are predicted to guard their performance of that behaviour, at those times of 

day when it is typically performed most, with the decrease in body mass and increase in 

starvation risk it would entail.
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Methods

Subjects and Housing Conditions

We conducted this experiment using an experimental group of eight male and a stimulus 

group of eight female zebra finches. The two groups of individuals had no prior 

experience of one another except during a period of two days prior to the first data being 

collected when they were introduced into the experimental cages. All birds used in the 

experiment were sexually mature. Before and during the experiment all individuals were 

maintained on a 12:12 hour light:dark photoperiod (lights on 0930 to 2130) at a 

temperature of mean ± S.D. = 19.2 ± 4.5°C. Simulated dawn and dusk was applied 

during the first and last 30 minutes of the daylight period by means of the sequential 

switching of a lighting array. The light was provided by eight 40 watt incandescent 

bulbs in a ceiling-mounted linear array, six ceiling-mounted 58 watt fluorescent tubes 

with diffusers and two ceiling-mounted 300 watt halogen floodlights. Daylight was 

completely excluded. During dawn and dusk the light level increased and decreased 

approximately exponentially (see chapter 3). We provided the birds with ad libitum 

food (Haiths’ Foreign Finch Mix, Haiths, Cleethorpes, UK), except during imposed 

food restrictions (see experimental procedure), and water. Birds were given access to 

shell-grit and cuttlebone prior to the experiment but not during it.

Experimental Cages

Eight experimental cages (1.5 x 0.3 x 0.4 m high, Figure 1) were employed, each 

consisting of three equally sized sections: food, courtship and stimulus. In each cage the 

experimental male had access to the food and courtship sections and the stimulus 

section was occupied by the same female zebra finch throughout. The food and 

courtship sections were separated by opaque baffles which permitted the male to move 

freely from one section to the other but prevented him from simultaneously feeding and 

being in visual contact with the stimulus section. The courtship and stimulus sections 

were separated by a transparent Perspex panel (0.15 cm thick). The food section 

contained a food hopper and water dish together with a microswitch feeding perch that 

recorded the time and duration of feeding bouts (provided that the bird chose to feed 

from this perch). The courtship section contained a set of four microswitch perches that
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recorded the temporal and spatial patterns of hopping activity. The four perches, made 

from 5 cm lengths of wooden dowel, were arranged in a square with opposite pairs set 

12 cm apart and each perch 14 cm above the cage floor. Male zebra finches hop 

repeatedly between adjacent perches or perform 'head-tail twists' as part of their 

courtship display (Morris, 1954; Zann, 1996), and so this apparatus provided a suitable 

and reliable method of automatically recording display activity (Swaddle & Cuthill, 

1994). The perch nearest to the Perspex window that separated the middle and right- 

hand sections was 4 cm from it. The set of four hop perches was itself mounted on top 

of an electronic balance (Sartorius PT-610) reading to 0.1 g accuracy. The eight 

balances were connected to a PC which recorded real-time changes in the body masses 

of the male birds, and simultaneously corrected for drift from zero in the balances' 

outputs (see chapter 2).

The stimulus section was equipped with two perches set at the same height as the 

microswitch perches, one of which was positioned 7 cm and the other 42 cm from the 

perspex panel. The wall of the right-hand subsection that faced the male’s hop perches 

was white such that stimulus birds were always viewed against a white background. The 

stimulus section was bedded with composted wood bark. The food and courtship 

sections however had no substrate and the floor was plain hardboard. This was to 

prevent excessive debris being deposited by the males on either the perch mechanisms 

or the balances.

Experimental Procedure

All male birds were subjected in sequence to four food restriction treatments as follows: 

food available over entire day (treatment 1), food removed for four hours starting at 

dawn (treatment 2: 0930 to 1330), food removed for middle four hours of day 

(treatment 3: 1330 to 1730), food removed for last four hours of day (treatment 4: 1730 

to 2130). The order of treatments was randomised between cages such that each male 

experienced each treatment once for a period of seven consecutive days. Treatments 

followed on from one another without any interim break as any break would have been 

equivalent to treatment 1. However, to minimise any carry-over effects from one 

treatment into the next the initial day of every treatment was disregarded in the 

analyses. The procedure for preventing access to the food involved removal of the food
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dish then removal, brushing and replacement of the cage floor. The same procedure was 

applied for treatment 1 except the food dish was immediately replaced. In the case of 

treatment 4 the food was removed at the appropriate time then replaced immediately 

prior to first light the following morning at which time other manipulations were taking 

place anyway. Since zebra finches do not forage in darkness this was equivalent to 

replacing the food at onset of darkness but was less disruptive for the birds.

Statistical Analyses

We investigated the effects of food restriction treatments on within-individual variation 

in body mass, hop rate and the total time spent on the hop perches, using repeated 

measures ANOVA designs. In addition we investigated the effect of treatment on the 

diurnal mass trajectory and organisation of hopping behaviour by considering the 

interaction between treatment and time of day (treatment*time). For the purposes of the 

analyses the data for each individual were averaged across all six days of each 

treatment, unless otherwise specified. Body mass data were averaged for 30 minute 

intervals covering the period of daylight (producing 24 intervals). The number of 

display hops and total duration of display hops were totalled for the same intervals to 

produce measures of hop rate and total hop duration per half hour interval, respectively. 

The ANOVA models therefore specified two factors: treatment (four levels) and time of 

day (twenty-four levels). The identity of individual males was inherent in the repeated 

measures design of the model. To determine the effects of food restriction per se on 

body mass and on hop rate we tested specific contrasts between treatments 1 (control) 

versus 2, 3 & 4. We also tested pairwise contrasts, for hop rate and body mass, between 

each food restriction treatment and treatment 1 (control).

To determine if the one day changeover period between adjacent treatments was 

sufficient or if males continued to modify their display and mass regulation strategies 

during the course of the treatments we tested a model which included ‘day’ as a factor 

with four levels in addition to treatment and time (only days 2 through to 5 were used as 

the statistical package used would not support this model with more than four days in 

place).
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The repeated measures ANOVA statistics are univariate and where assumptions about 

sphericity were violated, Huynh-Feldt epilson corrected statistics are cited. Two-tailed 

tests of probability are used throughout.

Results

There were no effects of treatment on either overall body mass (Fig.2; F3,2i = 1.64, P = 

0.21) or display hopping activity (Fig.3; F1.56, 10.96 = 106, P = 0.36). We considered 

specific contrasts, for both body mass and hopping activity, between the three 

restriction treatments together versus the cno interruption’ (i.e. ad libitum food) 

treatment, and also pairwise contrasts between each of the restriction treatments in turn 

versus the ‘no interruption’ treatment (see Table 1). Overall hopping activity and body 

masses were not significantly different for any of the contrasts. Therefore reducing the 

availability of food for periods of the day did not affect the mean body mass of the birds 

or the mean amount of courtship that they displayed each day.

However, there was a highly significant effect of treatment on the temporal pattern of 

mass over the course of the day (treatment*time; F69.483= 28.26, P < 0.0001), whereas 

hopping activity curves were not significantly different between treatments 

(treatment*time; F4.39,30.74 = 1.57, P = 0.20). We investigated the effect of treatment on 

the total time spent on the hop perches for each half hour interval through the day. We 

found that neither the overall amount of time spent on the hop perches (Figure 4; 

treatment; Fi.7> 8.20= 0.96, P = 0.37) nor the temporal pattern (treatment*time; F10.55.73.82 

= 1.65, P = 0.10) varied significantly between treatments. There were marked peaks in 

the time spent on the perches during the periods when food was being replaced or 

removed from cages (see Figure 4). As the birds only experienced human intrusion at 

these times it appears that activity at the food section of the cage displaced birds 

towards the stimulus section (and therefore the display perches). Similarly, males may 

have sought the relative security of associating with the female during human intrusions 

(c.f. Lombardi & Curio, 1985).

The more complex models which included day as a factor revealed that neither overall 

body mass (treatment*day; F9.63 = 0.94, P = 0.50) nor overall hopping activity 

(treatment*day; F ^  = 0.45, P = 0.90) varied over the course of a treatment. These
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results suggest that the one day lead into each treatment was sufficient for males to 

respond to the change in food restriction pattern and that subsequent mass regulation 

and hopping patterns remained consistent during the treatment.

Discussion

Despite food restrictions during which the daily foraging period was cut by one third, 

there were no effects on overall body masses of male zebra finches. Nor was there any 

effect on their hopping activity rates, the temporal organisation of hopping activity, the 

total time spent per day on the hop perches or the temporal organisation of time spent 

on the hop perches. Instead the effect of food restriction manifested itself as a highly 

significant difference in the body mass trajectories of the males. To some extent the 

significant effect of treatment on the body mass trajectories is not at all surprising.

Aside from drinking, which would on average have balanced water loss (Cade et al., 

1965), a male could not have gained body mass during a food interruption treatment.

The consequence of this, even if his metabolic rate was only sufficient to support life, 

would have been that his mass would begin to drop. In the present study we saw activity 

levels that were clearly far above those corresponding to baseline metabolism and 

consequently we also saw sharp drops in body mass associated with the absence of food 

in each of the three food restriction treatments. Coupled with these dramatic mass losses 

were equally dramatic gains once food access was restored: the highest mean mass gain 

over a half an hour during the control treatment (no interruption to food supply) was 

1.51% of initial body mass compared to a peak gain of 3.82% in the 30 minutes 

following re-introduction of food in a food restriction treatment (i.e. the rate of mass 

gain more than doubled). These figures indicated that males had a substantial amount of 

spare gut and/or digestive capacity which was only brought into play under 

circumstances of intermittent food availability (c.f. Sibly & Calow, 1986; Kersten & 

Piersma, 1987; Lepczyk et al., 1998; Lepczyk & Karasov, 2000). In starlings, Bautista 

et al. (1998) have shown that under conditions of energetic stress, the efficiency of food 

utilisation increased (as indicated by a lower calorific density of faeces). It has also been 

shown that starlings have the capacity to change gut morphology and improve gut 

biochemistry in response to changes in nutrient intake (Martinez del Rio et al., 1995).
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The fact that many bird species maintain their body masses below what would be 

physiologically possible is widely held as evidence that carrying fat is costly (for a 

review see Witter et al., 1993; see also Gosler et al., 1995). It seems reasonable to 

assume therefore that, since birds maintain their rates of mass gain below those that we 

have shown are physiologically possible, there must be costs associated with elevated 

levels o f mass compensation. In the absence of any such costs it could be argued that a 

plausible alternative to the typical diurnal mass trajectory (e.g. Fig. 2, ‘no interruption’ 

curve) might be to maintain a relatively low and constant mass throughout the day 

before sharply increasing in mass during late afternoon to meet a target dusk mass. This 

strategy would substantially reduce mass-dependent costs through much of the day. 

However, such a pattern has never been observed in birds either in the wild or in 

laboratory studies, and it is highly unlikely to be biologically feasible due to the 

assumption of reliable ad libitum food availability and due also to the pathological costs 

of prolonged periods of extreme rates of mass gain (Sjodin et al., 1990).

Although overall hopping activity levels were not significantly different between 

treatments, it was particularly surprising that under the dawn interruption treatment the 

males were second most active, and under the other two interruption treatments the 

males were at their most active levels, specifically during the period corresponding to 

the food restriction. However, balancing this was a non-significant pattern of reduced 

hopping activity in the period immediately after the food-restriction, during which the 

rate of mass gain rose sharply. Kacelnik & Krebs (1982) argued that a functional 

explanation for the dawn chorus in passerines may be that foraging is less profitable at 

twilight owing to low light intensities. Since foraging and displaying are mutually 

exclusive, time devoted to displaying is time lost from foraging. When the availability 

of food is low, or as in the present case nil, the disadvantage of lost foraging time is also 

nil and therefore the net benefit of displaying is substantially increased. Further, body 

mass will decrease during food restriction, especially if activity is raised, which serves 

to reduce mass-dependent costs and therefore make the activity less expensive still. 

While in one sense engaging in display activity during food restriction is therefore cost- 

free, the heightened metabolic costs will increase the risk of starvation. Without 

starving a zebra finch to death it is impossible to say exactly how resilient they may be, 

or at what point the threat of starvation starts to become physiologically relevant. What 

is clear is that in the present study male zebra finches appeared to overlook the
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possibility of starvation in favour of maintaining or (non-significantly) increasing 

display hopping and were able to compensate rapidly for sustained losses in body mass 

upon food restoration.

Dali & Witter (1998) examined the responses of zebra finches to unpredictable foraging 

interruptions in terms of their diurnal mass changes and behavioural routines. That 

study found that zebra finches did not alter their mass trajectories or their body mass but 

did respond by reducing energetically expensive activities. The authors suggested that 

the length of the restriction period relative to the total feeding period (25%) was too 

short to noticeably increase the perception of food shortage. This was dismissed 

however, as similar durations evoked mass changes in other studies, and moreover their 

manipulation was sufficient to significantly affect behaviour in other ways. Another 

possibility they discussed for the lack of effect on body mass was that the overall 

duration of the feeding period was too short at just six hours. Again this was dismissed 

as birds were clearly not gaining mass at their maximal rate over the course of the day 

which implied that the capacity to modify their mass regulation strategies was available.

Irrespective of the explanation, the result from that study is incongruous with the 

existing theoretical (Houston & McNamara, 1987, McNamara et al., 1987; Hutchinson 

et al., 1993) and other empirical (Ekman & Hake, 1990; Bednekoff & Krebs, 1995; 

Witter et al., 1995; Witter & Swaddle, 1997) literature and also with the present work. 

There was an important key difference in experimental protocol between that adopted 

by Dali & Witter (1998) and the present study. Dali & Witter (1998) measured body 

masses and behaviour for five days before and after a 14 day period when food 

availability was reduced. Therefore the data being compared were all from individuals 

experiencing ad libitum food supply with the only difference being in their prior 

experience. The effects of food restriction seen in that study were tentatively attributed 

to the natural feeding ecology of the zebra finch (Zann & Straw, 1984) and the 

temporally and spatially unpredictable patterns of grass seed availability (Morton & 

Davies, 1983). Data from a study of the White Crowned Sparrow (Zonotrichia 

albicollis) indicated increased locomotory activity during a period of food restriction 

which was interpreted as an adaptation to changing foraging site more frequently 

(Ketterson & King, 1977). Dali & Witter (1998) suggested that the activity patterns they 

saw following the period of restricted food availability were an adaptation to the
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unpredictable nature of the species’ food resource. Coupled to the possibility of 

increased locomotion as a foraging adaptation during food shortage (on which they 

presented no data) is their observed pattern of decreased locomotion accompanying 

restoration of food supply, as a means of restoring an energy balance.

We tested our data taking into account the effect of day of treatment, using the second 

to fifth days (inclusive) from each treatment. These results indicated that (for both body 

mass and hopping rate) the overall effect of food interruption did not differ between 

days over the duration of the treatment and nor did the effect of treatment with time (i.e. 

the trajectory). These are important results as they show that the birds’ mass regulation 

strategies and hopping behaviour responded quickly to the changing schedules of food 

availability and then remained consistent for the whole of each treatment. In other 

words, the effects were not progressive over the course of the treatment. From this we 

propose that in male zebra finches, information on current food availability is more 

important than (even recent) historical information in shaping body mass regulation 

strategies and hopping activity patterns in the presence of a female (c.f. Cuthill et al., 

2000 on starlings). This may explain why Dali & Witter (1998) failed to see an effect of 

their food restriction treatment on mass regulation strategy since their effect of food 

restriction was measured during a five day period of ad libitum food availability 

immediately following the 14 day restriction period. Our data would suggest that within 

approximately one day of returning to ad libitum food their finches would have re­

modelled their mass regulation strategies and no effects of the previous food restriction 

period would have remained apparent.

Rogers et al. (1994) discuss three mechanisms by which individuals might reconcile 

environmental conditions with body mass. These are described as (1) ‘predictors’ who 

follow a fixed (e.g. seasonal) pattern of mass change, (2) ‘responders’ who monitor 

food availability and adjust mass accordingly and (3) ‘predictor-responders’ who 

combine mechanisms (1) & (2). Field studies indicate some evidence of all three of 

these types (see Dali & Witter, 1998). Given the various mass-dependent costs of 

carrying food/fat reserves it would appear that if physiology permits, the optimal policy 

is to make real-time responses to current conditions (i.e. to be a very efficient 

‘responder’). Consider a case where foraging conditions fluctuate between two states; 

good or bad. Individuals basing current state on historical information will always be
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disadvantaged during the period of change from one foraging condition to the other by 

being either too light (so incurring a greater risk of starvation) or too heavy (incurring 

undue costs of feeding and fat storage). As the information used to set current state 

becomes more recent so the duration of this disadvantage decreases. The ability to 

respond to current conditions would require extremely plastic body mass regulation 

such as we saw in the zebra finch with its potential for relatively large daily mass gains 

and its capacity to achieve high rates of mass gain in the very short term.

In conclusion, our results did not agree with our specific hypotheses formed around the 

general theoretical predictions of the effect of foraging interruptions on the dynamic 

trade-off between body mass maintenance and courtship behaviour. Males defended 

their diel pattern of display activity vigorously and equally between treatments and there 

was no evidence of food interruptions affecting the trade-off of investment in reserves 

against display activity. Indeed there was a non-significant tendency for hopping 

activity to actually be higher or highest specifically during the period of food restriction. 

This may relate to the net costs of courtship being lower in the absence of a foraging 

option, irrespective of any variability in the gross benefit of displaying within certain 

temporal contexts. Males responded quickly to introduction of the treatments and their 

response remained consistent throughout the duration of the treatment. This implied that 

current information was more important than historical information in re-modelling diel 

patterns of courtship and mass regulation, and given the extreme plasticity with which 

somatic reserves were regulated this seemed to be a very attractive and workable policy.
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Table 1. Specific contrasts between treatments for body mass and hopping activity. The 

control (treatment 1) was compared to each of the other treatments in turn, and to the 

mean effect of the other three treatments.

Body Mass

Hopping Activity

F-value (1i7 df) P-value

1 v 2, 3 & 4 3.83 0.09

1 v 2 3.70 0.096

1 v3 0.60 0.48

1 v 4 3.61 0.099

1 v 2, 3 & 4 0.12 0.75

1 v 2 0.37 0.56

1 v3 1.55 0.25

1 v 4 1.83 0.22
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Figure 1. View of the experimental cage layout. Food (left) and Courtship (middle) 

sections were partially separated by opaque baffles and housed food hopper and 

electronic balance/microswitch perch mechanism respectively. Stimulus section (right) 

housed the stimulus bird (a female zebra finch) and was separated from the middle
j

section by a perspex window. Cages were solid on all but the front face, which was wire 

mesh.
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Figure 2. Mean body mass trajectories (±S.E.) of male zebra finches for each of the four 

treatments. X-axis values are staggered among treatments by 6 minutes for clarity (to prevent 

error bars from overlapping) Treatment 1, 'no interruption to food’; Treatment 2, ‘dawn 

interruption’; Treatment 3. midday interruption’; Treatment 4, ‘dusk interruption'.
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Figure 3 Mean hop rate trajectories (±S.E.) o f  male zebra finches for each o f  the four

treatments. Data presented as in Fig. 2.
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Figure 4. Mean o f  total time spent on hop display perches (±S.E.) (expressed here as a 

proportion o f  each half hour interval) by male zebra finches experiencing each o f  the 

four treatments. Data presented as in Fig. 2.
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Chapter 8. General Discussion

The predominant theme of this series of experiments was factors affecting the putative 

dynamic trade-off in the short term allocation of resources to investment in reproduction 

(courtship activity) versus investment in the soma (body mass regulation), using the 

male zebra finch as a model. Previously, this trade-off had not been investigated in 

birds, although theoretical predictions pointed to its probable existence (Houston & 

McNamara, 1987; McNamara et al., 1987; Hutchinson et al., 1993). Such a trade-off has 

been shown to exist in mammals, for example Richardson’s ground squirrels 

(Spermophilus richardsonii) (Michener, 1998) and in the red fox (Vulpes vulpes) 

(Cavallini, 1998), although in both these cases the trade-off was apparent not in the 

short term, but over the course of an entire breeding season. Given the nature of the 

trade-off I predicted that it would be influenced by manipulations of the opportunity to 

forage or conduct courtship (i.e. the presence or absence of a mate, or the state of that . 

mate).

The experiment described in chapter 4 demonstrated clearly that this trade-off existed, 

an effect never before demonstrated in birds. The experimental design allowed me to 

specifically test for the effects of the presence/absence of a potential mate (female 

conspecific), since two further treatments controlled for effects due simply to the 

presence of another bird. Although males conducted hopping activity in all treatments, 

performance of that behaviour was significantly higher during the female zebra finch 

stimulus treatment, and at the same time mean body masses were significantly 

depressed throughout the day in that treatment, while the diel trajectory of body mass 

remained unaffected.

This experiment provided an excellent basis for the other work which I performed as it 

confirmed the existence of a trade-off, and further it indicated that the design of the 

experimental environment, which was largely unchanged throughout the series of 

experiments, was both appropriate and sensitive enough to detect this trade-off. As will 

be evident from chapter 2, a tremendous amount was invested in the design and 

implementation of the experimental environment, which is one justification for using it 

repeatedly. However, the principal justification was its suitability for this series of
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experiments. The design of the cages created a conflict between display behaviour and 

foraging behaviour and simultaneously recorded both body mass regulation and display 

behaviour.

The fact that the food source was close at hand and easily accessible, and that food was 

available ad libitum (for exceptions see chapter 7), could be suggested as possible 

weaknesses in the design. It could further be argued that such a situation was not 

necessarily conducive to creating or underlining a trade-off. There are several 

convincing lines of defence to this argument. The first is that this argument supposes 

that the only cost of foraging was in time lost from other activities. This was of course 

only one factor. Because it inevitably leads to increased body mass, foraging incurs 

numerous mass-dependent costs (e.g. Witter & Cuthill, 1993), including the mass- 

dependent costs of foraging itself. There are also time-dependent costs of foraging 

which include exposure to parasites, pathogens or predators (Deerenberg et al., 1998), 

together with risks associated with leaving a potential mate unattended (e.g. Birkhead et 

al., 1988; Mace, 1989a; Moller, 1991).

Further, the argument against the sensitivity of the experimental arrangement to evoke 

or detect a trade-off, inferred that although a male bird may have increased his energy 

expenditure by displaying to a female, he had a ready supply of food and could 

therefore compensate by consuming more. This ignored putative short term costs of 

increasing the rate of food consumption (Sjodin et al., 1990), and it both assumed that 

individuals will have been able to also digest this food at a higher rate, and ignored the 

possible costs of changes occurring in gut morphology and/or gut mass (Martinez del 

Rio et al., 1995). Coupled to this was the possibility of a metabolic ceiling which may 

have restricted the energy available to an individual over a period of time (Hammond & 

Diamond, 1992; Suarez, 1996; Rosen et al., 1999). Studies on European starlings 

(Sturnus vulgaris) (Bautista et al., 1998) and on zebra finches (Dali & Witter, 1998) 

indicated that those species respectively spent around 90% and 30% to 50% of time 

during daylight being inactive. Inactivity becomes necessary whenever an animal 

approaches its limit for aerobic work, but of course simply because an animal chooses 

to be inactive does not imply that it has reached its aerobic limit. However, in chapter 4 

there was the situation where the body masses of birds which were displaying most, 

were depressed across the whole day. In this situation, the fact that individuals chose
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not to maintain their body mass by assigning time to foraging did suggest that there was 

either a digestive or metabolic limitation acting on them. Assuming that there was an 

upper limit to the digestive rate or the rate of aerobiosis, there was consequently a finite 

amount of energy available to an individual which had to be apportioned over the course 

of a day. If the overall level of activity had risen, as it may have done in those males 

that increased their rate of display, one means of funding this would have been to reduce 

metabolic overheads by reducing body mass, and consequently reducing mass- 

dependent costs also. Lowering body mass throughout the day is consistent with this 

hypothesis and also indicated that males had an interest in guarding their diel mass 

trajectories (c.f. Dali & Witter, 1998; Cuthill et al., 2000), an effect also apparent in 

chapters 5, 6 & 7.

The trade-off between investment in courtship versus investment in body mass 

regulation was manifested in chapters 5 & 7 as well as in chapter 4. In chapter 5 ,1 

investigated time of day changes in the effect of presentation of a female stimulus bird, 

and by removing the natural association between the time-states of the two sexes I was 

also able to investigate time of day changes in the females’ attractiveness/ 

responsiveness to the males. The data were analysed such that effects due to the time of 

presentation could be separated from effects due to the female’s time-state. The first 

analysis considered the differences between a discrete three-hour presentation of the 

female at dawn versus midday. There was no effect of presentation time on the overall 

level of hopping activity, although the trajectories were significantly different. In short 

the males’ hopping activity levels were no different overall, but the peak of display was 

time-shifted to coincide with the time at which the female was present. Although dawn 

is the time of day when males normally display most (e.g. Kacelnik & Krebs, 1982; 

Mace, 1987a, 1987b, 1989b; Thomas, 1999a, 1999b), this occurs when the female is 

present for the whole duration of the day (e.g. chapters 3, 4, 6 & 7). In this case, because 

the female was presented for one quarter of the daylight period, it appears that the males 

were maximising their potential gain from that opportunity, irrespective of the time of 

presentation, which is in keeping with the opportunistic breeding nature of the species 

(Morris, 1954; Zann, 1996).

Although there was no effect of presentation time on overall hopping activity levels 

(chapter 5, figure 6), there was a significant effect on males’ mean body masses, with
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lower masses during the ‘dawn presentation’ treatment. At first glance this may seem 

incongruous; however, there were clear differences in the state of the males during their 

respective display bouts at dawn and at midday. At dawn the male had just emerged 

from a 12 hour fast and his relative body mass, fat/food reserves and gut contents would 

all have been at their lowest point in the diurnal cycle, and certainly lower than at 

midday. Given these differences in state, the relative costs of the display bouts (at dawn 

versus midday) would also have differed, with the risk of starvation for the male 

displaying at dawn being higher. One means of offsetting part of this increased risk 

would have been to reduce the display output at dawn, but this would have restricted the 

males’ reproductive opportunities (e.g. Mace, 1987b; Cuthill & MacDonald, 1990). An 

alternative would have been to reduce mass-dependent costs (see Witter & Cuthill,

1993) in general and specifically those of the display activity, by reducing overall body 

mass, and such an effect was apparent (chapter 5, figure 3).

Also in chapter 5 ,1 considered the effect of time of day changes in the females’ 

attractiveness/responsiveness on male behaviour, independently of the time at which 

females were presented to the male. Males displayed significantly more to females who 

were in the dawn-state, but only when those females were presented at dawn, making 

this a context-dependent effect. Female fertility has been shown to peak around dawn 

(Mace, 1987b) which in turn favours courtship and mate guarding behaviour at this time 

(Mace, 1989a). This experiment indicated that the attractiveness/ responsiveness of 

females was higher at dawn than midday, and the context-dependence of the effect 

implied that there was also a time of day variation in the behavioural interaction 

between the male and female. Similar to the case for the time of presentation, there was 

a tendency (although in this case a non-significant one) for body mass to be lower under 

the treatment during which most display behaviour occurred (i.e. the ‘dawn-state’ 

treatment), which again may have been a means of financing increased energy 

expenditure by reducing mass-dependent costs. No corresponding differences were 

discernible between male displays during midday, to either female time-state treatment.

Similar effects are apparent in chapters 4 & 5, insofar as an increase in the investment in 

reproduction was traded off principally against the overall mean body mass of the male, 

with the shape of the mass regulation trajectories tending to be ‘defended’ (i.e. kept 

constant). Chapter 7, which was concerned with the effects of food interruptions on
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male courtship effort and mass regulation, showed that male zebra finches had the 

ability to more than double their usual rate of mass gain, at least in the short term. These 

dramatic mass gain rates occurred upon restoration of food following a period when 

food was absent, which lasted for a third of the feeding day. What was interesting here 

was that when faced with this energetic stress, they did not reduce but in fact tended to 

increase (non-significantly) their level of display hopping activity, specifically during 

the period when food was absent. A possible reason for this may be that when food 

availability was nil, the cost of courtship, measured in the currency of lost foraging 

opportunities, was also nil (c.f. Kacelnik & Krebs, 1982).

What was also interesting, and related to the results from chapters 4 & 5, was that 

despite the significant disruption that the food restriction treatments caused to the body 

mass trajectories, males appeared to prioritise the restoration of their mean mass and 

mass trajectory. During the period when food was absent a male had no means, aside 

from drinking, of maintaining his mass trajectory, and as he continued to metabolise 

food his body mass inevitably decreased. However, upon restoration of the food supply, 

males adopted a ‘catch up’ strategy of a high rate of mass gain for a brief period of two 

to three hours before resorting to the more usual (compared, for example, to the control 

treatment) rate of mass gain.

This recovery response of energetically stressed birds and ‘defence’ of the diel mass 

trajectory, is likely to be an adaptive mechanism and may have been mediated by 

endocrine secretions of corticosterone (e.g. Harvey et al., 1984; Schwabl et al., 1985). 

Astheimer et al. (1992) performed a series of experiments in which they examined the 

effects of plasma corticosterone on feeding behaviour following a period of fasting. In 

one experiment white-crowned sparrows fZonotrichia leucophrvs) and song sparrows 

(Z. melodiaj were implanted with sources of corticosterone and their responses to a 24 

hour fast were measured. Upon food restoration, implanted birds fed for longer and at a 

higher intensity than control birds. In a second study, dark-eyed juncos (Junco 

hyemalis) had higher endogenous levels o f corticosterone following a 24 hour fast 

compared to a control group which had been allowed access to food for 1 hour upon 

completion of their fast. Astheimer et al. (1992) concluded that corticosterone secretions 

were an important endocrine mechanism for initiating/encouraging foraging during 

periods of food deprivation. The fact that only small increases in the level of circulating
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corticosterone were required to evoke intense foraging would have facilitated a rapid 

return to homeostasis once food was located.

An alternative to the two-step strategy that the males adopted of guarding mass 

trajectory following food restriction, would have been for them to have a linear (but 

higher than normal) rate of mass gain from the point of food restoration until the end of 

the feeding day. There are a number of possible reasons why this may not have been the 

mode of choice and the observed pattern of mass regulation arose instead. The length of 

time for which an individual could sustain an above-average level of mass gain may 

have been limited by factors such as pathological costs of high energy turnover (Harvey 

et al., 1984; Sjodin et al., 1990), a digestive bottleneck (Sibly & Calow, 1986; Kersten 

& Piersma, 1987; Lepczyk et al., 1998; Lepczyk & Karasov, 2000) or limitations of the 

gut biochemistry (Martinez del Rio et al., 1995; Suarez, 1996; Bautista et al., 1998). 

Also, individuals may have perceived the food supply to be stochastic, even though the 

timing and duration of restrictions were not variable within a treatment, and they may 

therefore have prioritised rapid short-term gain as an insurance against future 

restrictions (McNamara et al., 1987). Theoretical models of avian mass regulation and 

courtship strategies (Houston & McNamara, 1987; McNamara et al., 1987; Hutchinson 

et al., 1993) assume the existence of a threshold point of body reserves above which an 

individual should display and below which it should forage, and predict that reserves 

should oscillate around this threshold. Theory would predict that an individual should 

be intolerant of any deviation from this threshold. Therefore, the pattern of high mass 

gain rate followed by a return to a more typical rate, could be viewed as a mechanism to 

return birds to this threshold level as rapidly as possible, a mechanism which is wholly 

compatible with an endocrine mechanism mediated by circulating corticosterone.

The experiment described in chapter 6 tested the effect of arbitrary symmetric and 

asymmetric traits (applied in the form of coloured leg-bands) on the dynamic trade-off 

between body mass regulation and display hopping activity in male zebra finches. A 

body of literature has demonstrated in zebra finches, (Swaddle & Cuthill, 1994b; 

Bennett et al., 1996; Swaddle, 1996; Waas & Wordsworth, 1999; but see Jennions, 1998 

for an exception) and in the bluethroat, fLuscinia s. svecica) (Fiske & Amundsen, 1997) 

that coloured leg-bands applied in symmetric patterns make males more attractive to 

females. Hansen et al. (1999) demonstrated also that male bluethroats preferred
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symmetrically banded females, although the methodology of both bluethroat studies, 

specifically the way in which colour bands were applied, differed from the methodology 

adopted here and elsewhere (see Rohde et al., 1997 & Swaddle, 1997 for a discussion). 

While the extent of any preferences of male zebra finches for arbitrary symmetrical 

traits in females has never been tested, male mate choice has been demonstrated in 

zebra finches (Burley, 1981; Burley et al., 1982; Ten Cate & Mug, 1984; Monaghan et 

al., 1996).

We found no effects of arbitrary symmetry of stimulus females on the diel patterns of 

courtship and body mass regulation in male zebra finches, and in fact the trajectories for 

both mass regulation (chapter 6, figure 2) and display hopping activity (chapter 6, figure 

3) were highly consistent between treatments. From this, two possible conclusions could 

be reached. The first is that male zebra finches are not attentive to arbitrary symmetrical 

traits (or if there are any preferences then they are very weak). The second is that in the 

present experiment, because females were presented singly, males displayed equally to 

all females irrespective of their leg-band arrangement, and therefore no firm conclusions 

about the effects of symmetry can be drawn. However, a separate analysis looked at the 

effect of individual females (irrespective of leg-band arrangements) on male mass 

regulation and hopping activity and found a significant effect of female identity on male 

hopping activity. This indicated that males did not display to all females equally, despite 

their having been presented singly. The results from chapter 4 confirmed that the trade­

off between body mass and investment in reproduction existed, and that the 

experimental design was able to detect it. Chapter 5 then confirmed that natural 

variation in female attractiveness/responsiveness affected this trade-off, and again that 

the experimental design could evoke and detect these differences. Given this evidence it 

seems most likely that male zebra finches were not attentive to arbitrary symmetry or 

that any preferences were very weak, and were over-ridden by preferences for natural 

secondary sexual traits.

Chapter 3 describes an experiment designed to test whether a novel lighting apparatus 

would have any influence on body mass or hopping activity trajectories. There were no 

significant effects of lighting regime on either the overall levels or the trajectories of 

body mass and display hopping activity. However, a pairwise contrast between the 

rectangular treatment and the ensuing (second) sigmoidal treatment indicated a
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significant decrease in body mass. This effect may have been due to a systematic factor 

such as change in ambient temperature (c.f. Lehikoinen, 1987; Meijer et al., 1996), 

although such an explanation may have expected a change in mass between the first two 

treatments, which was not apparent (although there was a slight non-significant 

increase). A record of temperatures would have allowed this issue to be clarified but 

unfortunately this was the only study of those described in this thesis where detailed 

temperature measurements were not recorded. Alternatively, the rectangular lighting 

regime, which presented no extrinsic cues relating to the beginning or end of the feeding 

day, may have created an impression of stochasticity as birds had no indication of when 

their foraging opportunities would end. Certainly, theory would predict that a change 

from a stochastic to a predictable food supply would cause individuals’ mean body 

masses to decrease (McNamara et al., 1987; Hutchinson et al., 1993), as occurred in the 

changeover from a rectangular to a sigmoidal regime. This explanation is somewhat 

incompatible with the fact that mean body masses did not significantly increase when 

feeding day length switched from being predictable (first sigmoidal treatment) to 

perceptibly stochastic (rectangular treatment). However, there is a small non-significant 

increase in body mass during this transition which lends some support to this idea.

The preferred explanation relates to the fact that following the rectangular treatment, the 

males had five days to re-acclimatise to the new lighting conditions of the second 

sigmoidal treatment, whereas before the first sigmoidal treatment, the males had the five 

experimental acclimation days in addition to the 28 days prior to the experiment during 

which the lighting conditions had also been sigmoidal. Passerines do not feed in 

darkness or very dim light (Kacelnik, 1979). Therefore, the periods nearest to dawn and 

dusk during the sigmoidal treatments, when light intensities were lowest, may have 

shortened the perceived length of the feeding day. However, feeding would have been 

possible for the full fourteen hours of the rectangular treatment. It was recently 

demonstrated that zebra finches decreased their body masses in response to shortening 

daylength, and vice versa (Meijer et al., 1996). The observed decrease in body mass 

between treatments 2 and 3 may therefore have been a reaction to a perceived 

shortening of the feeding day length following the transition from the rectangular to the 

sigmoidal lighting regime. During the 28 acclimation days prior to the experiment, 

males may have adapted to the prevailing sigmoidal lighting conditions and learned to 

utilise the periods of lower light around dawn and dusk more effectively. The effect of
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this would have been that following the first transition, from sigmoidal to rectangular 

lighting, the change in perceived feeding day would have been relatively less, and 

therefore the expected change in mass (in this case an increase) would also have been 

less.

The mass trajectory during the rectangular regime, although not significantly different 

from those of the sigmoidal regimes, was slightly higher overall and showed certain 

peculiarities. In particular, the initial rate of mass gain at dawn tended to be higher 

(chapter 3, figure 2). Kacelnik (1979) suggested that foraging at dawn under natural 

conditions may be less profitable due to low light levels. The higher rate of mass gain at 

dawn during the rectangular treatment may therefore be due to the instantaneous full 

light intensity promoting an earlier and/or increased foraging effort. The pattern of body 

mass regulation during the rectangular treatment also suggested a guarded approach. 

During the rectangular treatment, following a midday plateau, males increased their 

mass nearly linearly up until just before the onset of darkness. This is in contrast to the 

sigmoidal treatments where males delayed a final push towards their target dusk mass 

until around three hours from darkness. This change in the rate of mass gain under the 

sigmoidal treatments was too early to be directly triggered by any lighting cues (as 

‘dusk’ only began to descend 90 minutes from darkness). However, the fact that the 

birds postponed the increase until later, compared to during the rectangular treatment, 

was perhaps due to the fact that there was a warning of imminent darkness that would 

have permitted adjustments to body mass if required. This experiment also indicated 

that during the rectangular regime, individuals were able to anticipate the end of the 

feeding day in the absence of cues linked to decreasing light levels. Patterns of display 

hopping were very similar to those during the sigmoidal regimes. The sudden upturn in 

display rate, at about an hour before darkness, indicated that males had an intrinsic 

means of measuring daylength, which was probably a circadian clock (e.g. Hau & 

Gwinner, 1992, 1994, 1996, 1997).

The simulated dawn and dusk provided by the lighting apparatus described in chapter 3 

was employed in all other experiments except that described in chapter 5, where it was 

not compatible with the experimental design. The system was relatively inexpensive to 

build, and provided lighting conditions at dawn and dusk very like those of nature and
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very different to those provided by the rectangular lighting regimes that are in common 

usage in indoor aviaries and animal houses.

Future Work

The work described in chapter 5 makes a significant contribution to the understanding 

of time of day effects on male-female courtship encounters by demonstrating that males 

displayed more to females whose internal time-state was set to dawn. Furthermore, this 

effect was context dependent insofar as the preference for dawn-state females was only 

apparent during the males’ dawn. This experiment was, however, unable to differentiate 

between time of day changes in the attractiveness versus the responsiveness of the 

stimulus female. Indeed, the two effects are very closely related as courtship in zebra 

finches is strongly interactive therefore being responsive could be construed as also 

being attractive (Morris, 1954; Immelmann, 1959 & 1962 as cited by Zann, 1996). A 

worthwhile extrapolation of this study would be to attempt to separate the effects of 

time of day changes in female attractiveness and responsiveness. This could be studied 

by removing the interaction between the male and female, such that the male could view 

the female but she could not view or respond to him. To achieve this it would be 

necessary to replace the wire screen between the courtship and stimulus sections with 

one-way glass, and to remove or limit auditory contact between the experimental and 

stimulus birds. One-way glass windows have been used in previous studies to eliminate 

interaction between experimental and stimulus birds (e.g. Sullivan, 1994; Swaddle & 

Cuthill, 1994a, 1994b; Waas & Wordsworth, 1999). Waas & Wordsworth (1999) 

highlighted a potential problem with the one-way glass used by Swaddle & Cuthill 

(1994a, 1994b), which was that the experimental bird, although unable to see the 

stimulus bird, was confronted with its own mirror image reflected by the one-way glass. 

This could have a significant influence on the experimental bird’s behaviour (e.g.

Moller & Hoglund, 1991) but can be eliminated by making certain design changes (see 

Waas & Wordsworth, 1999). Using such an experimental design would remove effects 

due to female responsiveness and enable any changes in male display effort or mass 

regulation to be reliably attributed to female attractiveness as opposed to her 

responsiveness.
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Chapter 6 indicated that the display and mass dynamics of male zebra finches were not 

affected by presenting males with females that differed in an arbitrary symmetrical trait. 

From this I drew the tentative conclusion that arbitrary symmetry of female zebra 

finches did not affect their attractiveness to males, in contrast to the same situation in 

bluethroats (Hansen et al., 1999), or in zebra finches when the sex roles were reversed. 

To provide a conclusive answer to the question of whether arbitrary symmetrical traits 

of females influences male choice in zebra finches, it would be necessary to adopt a 

different experimental design. Previous studies that have investigated the effects of 

symmetry on mate choice have presented stimuli in two or four-way choice chamber 

tests (e.g. Swaddle & Cuthill, 1994a, 1994b; Bennett et al., 1996; Swaddle, 1996; Fiske 

& Amundsen, 1997; Jennions, 1998; Waas & Wordsworth, 1999; Hansen et al., 1999). 

Such approaches were deemed necessary because they gave the choosing sex the 

opportunity to reject unfavourable stimuli without completely refraining from courtship 

activity. In the present study however, a choice chamber test would have ruled out any 

investigation of mass dynamics in general and specifically whether investment in body 

mass was traded-off against display effort. Therefore, the experimental design described 

in chapter 6 was appropriate to test the specific hypothesis that the putative 

attractiveness of females would influence the dynamic trade-off between investment in 

courtship versus body mass. However, it would be beneficial if an experiment to test the 

effects of female arbitrary symmetry on male choice in zebra finches was performed 

using a choice chamber design in order to provide a definitive answer to the question of 

whether arbitrary symmetrical traits of female zebra finches influence their 

attractiveness to males.

Closing Summary

In summary, there has been shown to be a trade-off between investment in reproductive 

behaviour versus somatic investment in male zebra finches. Males were sensitive to 

natural time of day variation in female attractiveness/responsiveness and this along with 

time of day variation in male-state was shown to influence the dynamics of the trade­

off. Manipulating the appearance of stimulus females had no effect on the trade-off 

which led to the conclusion that males are unlikely to be attentive to arbitrary 

symmetrical traits of females, in contrast to the case when the sex roles are reversed. 

When faced with food restrictions, males chose to guard or even increase their courtship
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behaviour at the expense of behaviours that would have limited mass loss. Male zebra 

finches demonstrated that their ability to regulate body mass was very plastic in the 

short term, which may have implications for the way in which they manage their 

somatic reserves relative to environmental conditions.
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Appendix 1

Full listing of programming code (in Delphi/ Object Pascal) for the DataLog 

program described in Chapter 2.
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unit Loggerunitl; 

interface
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L a b e l 2 0 :  T L a b e l  

T i m e r 2 :  T T i m e r ;
L a b e l 2 1 :  T L a b e l ;

I m a g e l :  T l r n a g e ;

M i n s :  T M e n u I t e m ;

S e c s :  T M e n u I t e m ;

E x i t 2 :  T M e n u I t e m ;

L a b e l 2 2 :  T L a b e l ;

L a b e l 2 3 :  T L a b e l ;

M e n u H i n t :  T M e n u I t e m ;

S h a p e l :  T S h a p e ;

S h o w P e r c h l n d i c a t o r s 1 :  T M e n u I t e m ;
P a n e l 6 :  T P a n e l ;
L a b e l 2  8 

L a b e l 2  9 

L a b e l 3 0

T L a b e l ;  

T L a b e l ; 

T L a b e l ;
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7 3 L a b e l 3 1 T L a b e l ;

7 4 L a b e l 3 2 T L a b e l ;

7 5 L a b e l 3 3 T L a b e l ;

7 6 L a b e l  3 4 T L a b e l ;
7 7 L a b e l 3 5 T L a b e l ;

7 8 L a b e l 3 6 T L a b e l ;

7 9 B e e p C l i c k : T M e n u I t e m ;

8 0 L a b e l l : T L a b e l ;

8 1 L a b e l 2 : T L a b e l ;

8 2 L a b e l 4  6 T L a b e l ;

8 3 L a b e l 5 3 T L a b e l ;

8 4 L a b e l 5 4 T L a b e l ;

8 5 L a b e l 5 5 T L a b e l ;

8 6 L a b e l 5 6 T L a b e l ;
8 7 L a b e l 5 7 T L a b e l ;

8 8 e d i t l t a r e : T E d i t ;

8 9 e d i t 3 t a r e : T E d i t ;

9 0 e d i t 4 t a r e : T E d i t ;
9 1 e d i t 2 t a r e : T E d i t ;

9 2 e d i t 7  t a r e : T E d i t ;

9 3 e d i t 5 t a r e : T E d i t ;

9 4 e d i t 6 t a r e : T E d i t ;

9 5 e d i t 8 t a r e : T E d i t ;

9 6 e d i t 8 1 o g : T E d i t ;

9 7 e d i t 6 1 o g : T E d i t ;

9 8 e d i t 4 1 o g : T E d i t ;

9 9 e d i t 3 1 o g : T E d i t ;

1 0 0 e d i t 5 1 o g : T E d i t ;
1 0 1 e d i t 2 1 o g : T E d i t ;

1 0 2 e d i t 7 1 o g : T E d i t ;

1 0 3 e d i t l l o g : T E d i t ;

1 0 4 L a b e l 3 : T L a b e l ;

1 0 5 L a b e l 4 : T L a b e l ;
1 0 6 L a b e l 8 : T L a b e l ;
1 0 7 L a b e l 1 0 T L a b e l ;

' 1 0 8 L a b e l 2 4 T L a b e l ;
1 0 9 L a b e l 2  5 T L a b e l ;

1 1 0 procedure O p e n P o r t s C l i c k ( S e n d e r : T O b j e c t ) ;
1 1 1 procedure c o m m l R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h :
1 1 2 procedure E x i t C l i c k ( S e n d e r : T O b j e c t ) ;

1 1 3 procedure C o m m 2 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h :

1 1 4 procedure c o m m 3 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h :

1 1 5 procedure c o m m 4 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h :

1 1 6 procedure c o m m 5 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h :
1 1 7 procedure c o m m 6 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h :
1 1 8 procedure c o m m 7 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h :
1 1 9 procedure c o m m 8 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h :

1 2 0 procedure T i m e r I T i m e r ( S e n d e r : T O b j e c t ) ;
1 2 1 procedure F o r m C r e a t e ( S e n d e r : T O b j e c t ) ;

1 2 2 procedure C r e a t e C l e a r F i l e s l C l i c k ( S e n d e r : T O b j e c t ) ;

1 2 3 procedure E x i t l C l i c k ( S e n d e r : T O b j e c t ) ;

1 2 4 procedure T i m e r 2 T i m e r ( S e n d e r : T O b j e c t ) ;

1 2 5 procedure B t n S u s p e n d C l i c k ( S e n d e r : T O b j e c t ) ;

1 2 6 procedure U p D o w n 2 C l i c k ( S e n d e r : T O b j e c t ;  B u t t o n :  T U D B t n T y p
1 2 7 procedure A b o u t l C l i c k  ( S e n d e r : T O b j e c t ) ;

1 2 8 procedure M i n s C l i c k  ( S e n d e r : T O b j e c t ) ;

1 2 9 procedure S e c s C l i c k ( S e n d e r : T O b j e c t ) ;

1 3 0 procedure E x i t 2 C l i c k ( S e n d e r : T O b j e c t ) ;
1 3 1 procedure M e n u H i n t C l i c k ( S e n d e r : T O b j e c t ) ;

1 3 2 procedure S h o w P e r c h l n d i c a t o r s l C l i c k ( S e n d e r : T O b j e c t ) ;

1 3 3

1 3 4 private
1 3 5 { P r i v a t e d e c l a r a t i o n s  }
1 3 6 public
1 3 7

1 3 8 { P u b l i c d e c l a r a t i o n s  }
1 3 9 end;
1 4 0
1 4 1 var
1 4 2 s t r l ,  s t r 2 s t r 3 ,  s t r 4 ,  s t r 5 ,  s t r 6 ,  s t r 7 ,  str8:string ;
' 14 3 { f o r  B a l a n c e s i d e  o f  t h i n g s , p l u s  common o n e s }
1 4 4 t o g g l i e : b o o l e a n ;
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1 4 5 :  D a y X ,  D a y Y : i n t e g e r ;

1 4 6 :  d d a t e A : s t r i n g ;
1 4 7 :  d a y f l a g ,  i n i t i a t e :  b o o l e a n ;

1 4  8 :  F o r m l :  T F o r m l ;
1 4 9 :  G l o b a l T i m e ,  t l ,  t 2 ,  t 3 ,  t 4 ,  t 5 ,  t 6 ,  t 7 ,  t 8 ,  T i m e M a r k e r ,
1 5 0 :  t i m e l l ,  t i m e l 2 ,  t i m e l 3 ,  t i m e l 4 ,  t i m e 2 1 ,  t i m e 2 2 ,  t i m e 2 3 ,  t i m e 2 4 ,  t i m e 3 1 ,

t i m e 3 2 ,
1 5 1 :  t i m e 3 3 ,  t i m e 3 4 ,  t i m e 4 1 ,  t i m e 4 2 ,  t i m e 4 3 ,  t i m e 4 4 ,  t i m e 5 1 ,  t i m e 5 2 ,  t i m e 5 3 ,

t i m e 5 4 ,
1 5 2 :  t i m e 6 1 , t i m e 6 2 ,  t i m e 6 3 ,  t i m e 6 4 ,  t i m e 7 1 ,  t i m e 7 2 ,  t i m e 7 3 ,  t i m e 7 4 ,  t i m e 8 1 ,

t i m e 8 2 ,
1 5 3 :  t i m e 8 3 ,  t i m e 8 4 ,  d D a t e ,  T i m e l b ,  T i m e 2 b ,  T i m e 3 b ,  T i m e 4 b ,  T i m e 5 b ,

1 5 4 :  T i m e 6 b ,  T i m e 7 b ,  T i m e 8 b ,
1 5 5 :  t l b ,  t 2 b ,  t 3 b ,  t 4 b ,  t 5 b ,  t 6 b ,  t 7 b ,  t 8 b : s t r i n g ;
1 5 6 :  i 1 ,  i 2 ,  i 3 ,  i 4 ,  i 5 ,  i 6 ,  i 7 ,  i 8 ,

1 5 7 :  j l ,  j  2 ,  j  3 ,  j  4 ,  j 5 ,  j 6 ,  j 7 ,  j 8 ,
1 5 8 :  k l ,  k 2 ,  k 3 ,  k 4 ,  k 5 ,  k 6 ,  k 7 ,  k 8 ,  L o g P e r i o d ,
1 5 9 :  O n l ,  O n 2 ,  O n 3 ,  O n 4 ,  O n 5 ,  O n 6 ,  O n 7 ,  O n 8 ,  d a y c o r r e c t i o n ,  l o g g i n g c a p t i o n c o u n t e r ,

1 6 0 :  l o g p e r i o d D e f i n e r , V a l u e B i r d O n O f f  : i n t e g e r ;

1 6 1 :  T i m e l n t e r v a l : e x t e n d e d ; { c h a n g e d  f r o m  E x t e n d e d  T y p e }
1 6 2 :  F e e d T B D a t a : T e x t f i l e ;
1 6 3 :  F l a g l ,  F l a g 2 ,  F l a g 3 ,  F l a g 4 ,  F l a g 5 ,  F l a g 6 ,  F l a g 7 ,  F l a g 8 ,

1 6 4 :  f l ,  f 2 ,  f 3 ,  f  4 ,  f 5 ,  f 6 ,  f 7 ,  f 8 ,  t o g g l e , L o g g e r F l a g ,  I n i t i a l i s e ,  F l a g ,

1 6 5 :  l o g g e r f l a g a d d i t i o n a l , P e r c h l n d i c a t o r F l a g ,  T o g g l e F l a g ,

1 6 6 :  f i b ,  f 2 b ,  f 3 b ,  f 4 b ,  f 5 b ,  f 6 b ,  f 7 b ,  f 8 b :  B o o l e a n ;

1 6 7  :

1 6 8 :  { V a r i a b l e s  a s s o c i a t e d  w i t h  P e r c h  L o g g e r  O p e r a t i o n }
1 6 9 :  i ,  m l ,  m 2 ,  m 3 ,  m 4 ,  m 5 ,  m 6 ,  m 7 , m 8 , m b l ,  m b 2 ,  m b 3 ,  m b 4 ,  m b 5 ,  m b 6 ,  m b 7 ,  m b 8 ,

1 7 0 :  J a m l ,  J a m 2 ,  J a m 3 ,  J a m 4 ,  J a m 5 ,  J a m 6 ,  J a m 7 ,  J a m 8 ,  C o u n t l ,  C o u n t 2 ,  C o u n t 3 ,

C o u n t 4 ,
1 7 1 :  C o u n t 5 ,  C o u n t 6 ,  C o u n t 7 ,  C o u n t 8 ,
1 7 2 :  e t l ,  e t 2 ,  e t 3 ,  e t 4 ,  e t 5 ,  e t 6 ,  e t 7 ,  e t 8  : i n t e g e r ;

1 7 3 :  d a t a l ,  d a t a 2 ,  d a t a 3 ,  d a t a 4 ,  d a t a 5 : l o n g i n t ;
1 7 4 :  P s t r l ,  P s t r 2 ,  P s t r 3 ,  P s t r 4 ,  P s t r 5 ,
1 7 5 :  S t r P e r c h l ,  S t r P e r c h 2 ,  S t r P e r c h 3 ,  S t r P e r c h 4 ,  S t r P e r c h 5 ,  S t r P e r c h 6 ,

1 7 6 :  S t r P e r c h 7 ,  S t r P e r c h 8 ,  B i r d l P o s ,  B i r d 2 P o s ,  B i r d 3 P o s ,  B i r d 4 P o s ,  B i r d 5 P o s ,

1 7 7 :  B i r d 6 P o s ,  B i r d 7 P o s ,  B i r d 8 P o s : s t r i n g ;

1 7 8 :  a ,  b ,  c ,  d ,  e ,  f ,  g ,  h ,  P e r c h T B D a t a ,
1 7 9 :  F e e d l ,  F e e d 2 ,  F e e d 3 ,  F e e d 4 ,  F e e d 5 ,  F e e d b ,  F e e d 7 ,  F e e d 8 ,  B a l l ,  B a l 2 ,  B a l 3 ,

B a l 4 ,
1 8 0 :  B a l 5 ,  B a l 6 ,  B a l 7 ,  B a l 8  : t e x t f i l e ;

1 8 1 :  f ' l p ,  f 2 p ,  f  3 p , f  4 p , f 5 p ,  f 6 p ,  f 7 p ,  f 8 p ,  f 9 p ,  f l O p ,  f l i p ,  f l 2 p ,  f l 3 p ,  f l 4 p ,

f l 5 p ,  f l 6 p ,  f l 7 p ,
1 8 2 :  f 1 8 p , f l 9 p ,  f 2 0 p ,  f 2 1 p ,  f 2 2 p ,  f 2 3 p ,  f 2 4 p ,  f 2 5 p ,  f 2 6 p ,  f 2 7 p ,  f 2 8 p ,  f 2 9 p ,  f 3 0 p ,

f 3 1 p ,  f 3 2 p : B o o l e a n ;
1 8 3 :  t i p ,  t 2 p ,  t 3 p ,  t 4 p ,  t 5 p ,  t 6 p ,  t 7 p ,  t 8 p ,  t 9 p ,  t l O p ,  t l l p ,  t l 2 p ,  t l 3 p ,  t l 4 p ,

t l 5 p ,  t l 6 p ,  t l 7 p ,
1 8 4 :  t l 8 p ,  t l 9 p ,  t 2 0 p ,  t 2 1 p ,  t 2 2 p ,  t 2 3 p ,  t 2 4 p ,  t 2 5 p ,  t 2 6 p ,  t 2 7 p ,  t 2 8 p ,  t 2 9 p ,  t 3 0 p ,

t 3 1 p ,  t 3 2 p : s t r i n g ;
1 8 5 :  O n l p ,  O n 2 p ,  O n 3 p ,  O n 4 p ,  O n 5 p ,  O n 6 p ,  O n 7 p ,  O n 8 p ,  O n 9 p ,  O n l O p ,

1 8 6 :  O n l l p ,  O n l 2 p ,  O n l 3 p ,  O n l 4 p ,  O n l 5 p ,  O n l 6 p ,  O n l 7 p ,  O n l 8 p ,  O n l 9 p ,  O n 2 0 p ,

1 8 7 :  O n 2 1 p ,  O n 2 2 p ,  O n 2 3 p ,  O n 2 4 p ,  O n 2 5 p ,  O n 2 6 p ,  O n 2 7 p ,  O n 2 8 p ,  O n 2 9 p ,  O n 3 0 p ,  O n 3 1 p ,

O n 3 2 p ,

1 8 8 :  O n P e r c h l ,  O n P e r c h 2 ,  O n P e r c h 3 ,  O n P e r c h 4 ,  O n P e r c h 5 ,  O n P e r c h 6 ,

1 8 9 :  O n P e r c h 7 ,  O n P e r c h 8 ,  O n l b ,  O n 2 b ,  O n 3 b ,  O n 4 b ,  O n 5 b ,  O n 6 b ,  O n 7 b ,  O n 8 b ,

1 9 0 :  P E x t l ,  P E x t 2 , P E x t 3 ,  P E x t 4 ,  P E x t 5 ,  P E x t 6 ,  P E x t 7 ,  P E x t 8 ,

1 9 1 :  T a r e l ,  T a r e 2 ,  T a r e 3 ,  T a r e 4 ,  T a r e 5 ,  T a r e 6 ,  T a r e 7 ,  T a r e 8 ,

1 9 2 :  P E x t l a ,  P E x t 2 a ,  P E x t 3 a ,  P E x t 4 a ,  P E x t 5 a ,  P E x t 6 a ,  P E x t 7 a ,  P E x t 8 a : s i n g l e ;

1 9 3 :  B i r d l ,  B i r d 2 ,  B i r d 3 ,  B i r d 4 ,  B i r d 5 ,  B i r d 6 ,  B i r d 7 ,  B i r d 8 ,

1 9 4 :  P r e B a l O u t l ,  P r e B a l O u t 2 ,  P r e B a l O u t 3 ,  P r e B a l O u t 4 ,  P r e B a l O u t 5 ,  P r e B a l O u t 6 ,

P r e B a l O u t 7 ,

1 9 5 :  P r e B a l O u t 8 ,  B a l O u t l ,  B a l O u t 2 ,  B a l O u t 3 ,  B a l O u t 4 ,  B a l O u t 5 ,  B a l O u t 6 ,  B a l O u t 7 ,

B a l O u t 8 :  S t r i n g ;

1 9 6 :  i m p l e m e n t a t i o n

1 9 7  :

1 9 8 :  u s e s  U n i t l a b o u t b o x ;

1 9 9 :

2  0 0 :  {$R * . DFM}
2 0 1 :
2 0 2 :  F u n c t i o n  r e g i s t e r B o a r d ( m o d e l , b a ,  i r q : i n t e g e r ) : i n t e g e r ; s t d c a l l ; e x t e r n a l  

1 D i o _ t c . d l l ' ;

2 0 3 :  F u n c t i o n  f r e e B o a r d ( h : i n t e g e r ) : i n t e g e r ; s t d c a l l ; e x t e r n a l  ' D i o _ t c . d l l 1 ;
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2 0 4 :  F u n c t i o n  DIOsetMode(h, chip, port, isInput : integer ) : integer ; s t d c a l l ; e x t e r n a l  

' D i o _ t c . d l l ' ;
2 0 5 :  F u n c t i o n  DIOsetChanWidth(h, chip, numBits : integer ) : integer ; s t d c a l l ; e x t e r n a l  

'Dio_tc.dll';
2 0 6 :  F u n c t i o n  DIOgetData (h , chip, chan : integer ;

d a t : p l o n g i n t ) : i n t e g e r ; s t d c a l l ; e x t e r n a l  ' D i o _ t c . d l l ' ;
2 0 7  :

2 0 8  :
2 0 9 :  f u n c t i o n  timetointegerMs(ATime : TdateTime ) :  longint;
2 1 0 :  v a r
2 1 1 :  h o u r s ,  m i n u t e s ,  s e c o n d s ,  m i l l i s e c o n d s  : w o r d ;

212: hours 1:longint;
2 1 3 :  b e g i n
2 1 4 :  decodetime (Atime, Hours, minutes, seconds, milliseconds);
2 1 5 :  h o u r s  1 : = h o u r s ;
2 1 6 :  T i m e t o i n t e g e r M s : = h o u r s 1 * 3 6 0 0 0 0 0 + m i n u t e s * 6 0 0 0 0 + s e c o n d s * 1 0 0 0 + m i l l i s e c o n d s ;

2 1 7 :  e n d ;
2 1 8  :

2 1 9 :  F u n c t i o n  D e c T o B i n ( d e c : l o n g i n t ) : s t r i n g ;

2 2 0 :  v a r  x : i n t e g e r ;

2 2 1 :  b e g i n
2 2 2 :  x : = 2 0 0 0 0 0 0 0 0 ;
2 2 3 :  i f  d e c - 1 2  8 > = 0  t h e n  b e g i n  d e c : = d e c - 1 2 8 ;  x : = x  +  1 0 0 0 0 0 0 0 ; e n d ;
2 2 4 :  i f  d e c - 6 4 > = 0  t h e n  b e g i n  d e c : = d e c - 6 4 ;  x : = x + 1 0 0 0 0 0 0 ; e n d ;

2 2 5 :  i f  d e c - 3 2 > = 0  t h e n  b e g i n  d e c : = d e c - 3 2 ;  x : = x + 1 0 0 0 0 0 ; e n d ;

2 2 6 :  i f  d e c —1 6 > = 0  t h e n  b e g i n  d e c : —d e c - 1 6 ;  x : —x + 1 0 0 0 0 ; e n d ;
2 2 7 :  i f  d e c - 8 > = 0  t h e n  b e g i n  d e c : = d e c - 8 ;  x : = x + 1 0 0 0 ; e n d ;

2 2 8 :  i f  d e c - 4 > = 0  t h e n  b e g i n  d e c : = d e c - 4 ;  x : = x + 1 0 0 ; e n d ;

2 2 9 :  i f  d e c - 2 > = 0  t h e n  b e g i n  d e c : = d e c - 2 ;  x : = x + 1 0 ; e n d ;

2 3 0 :  i f  d e c - 1 > = 0  t h e n  b e g i n  d e c : = d e c - l ;  x : = x + l ; e n d ;  .
2 3 1 :  r e s u l t : = i n t t o s t r ( x )

2  3 2 :  e n d ;
2 3 3 :

2  3 4 :  {BEGINNING OF COMM EVENT HANDLERS}
2 3 5 :  p r o c e d u r e  T F o r m l . c o m m l R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h : W o r d ) ;

2 3 6 :  b e g i n
2 3 7 :  i f  G e t T i c k C o u n t > e t l + 4 0 0 0  t h e n  e d i t l l o g . t e x t : = ' — . - g * ;
2 3 8 :  s e t l e n g t h ( s t r 1 ,  b u f f e r l e n g t h ) ;
2 3 9 :  M o v e  ( B u f  f e r ' ' , s t r l [ l ] ,  B u f  f  e r L e n g t h )  ;
2 4 0 :  PreBalOutl : =BalOut1 ;

2  4 1 :  B a l O u t 1 : = c o n c a t ( s t r l [ l ] + s t r l [ 7 ] + s t r l [ 8 ] + s t r l [ 9 ] + s t r l [ 1 0 ] ) ;

2 4 2 :  e d i t 1 . t e x t : = B a l O u t l ;

2 4 3 :  i f  B a l O u t l = P r e B a l O u t l  t h e n  C o u n t l : = C o u n t 1 + 1

2 4 4 :  e l s e  C o u n t l : = 0 ;

2 4 5 :  i f  Countl>=8 t h e n  b e g i n  
2 4 6 :  PExtla : =PExtl ;

2 4 7 :  P E x t l : = s t r T o F l o a t ( c o n c a t ( s t r l [ 7 ] + s t r l [ 8 ] + s t r l [ 9 ] + s t r l [ 1 0 ] ) ) ;
2 4 8 :  i f  s t r l [ 1 ] = ' - '  t h e n  P E x t l : = P E x t l * - l ;
2 4 9 :  i f  P E x t l < 5  t h e n  i f  P E x t l > - 5  t h e n  T a r e l : = P E x t l ;

2 5 0 :  e d i t l t a r e . t e x t : = F l o a t T o S t r F ( T a r e l , f f F i x e d ,  3 ,  1 ) ;

2 5 1 :  i f  P E x t l - T a r e l > = 1 0  t h e n  b e g i n

2 5 2 :  B i r d l : = F l o a t t o S t r F ( P E x t l - T a r e l ,  f f F i x e d ,  3 ,  1 ) ;

2 5 3 :  Append ( B a l 1 ) ;

2 5 4 :  i f  e t l + 1 5 0 0 0 < g e t t i c k c o u n t  t h e n  P E x t l a : = 0 ; / /  15  s e c o n d s  a f t e r  l a s t  w r i t e  d o
t h i s

2 5 5 :  i f  P e x t l a O P e x t  1 t h e n  b e g i n
2 5 6 :  E d i t l l o g . t e x t : = B i r d l + ' g ' ;  e t 1 : = g e t t i c k c o u n t ;

2 5 7 :  W r i t e L n ( B a l l ,  G l o b a l T i m e t ' ,  ' + B i r d l + ' ,  1 + T i m e t o S t r ( T i m e ) ) ;  e n d ;
2 5 8 :  C l o s e F i l e ( B a l l ) ;  C o u n t l : = - l ;

2  5  9 :  e n d ;

2  6 0 :  e n d ;

2 6 1 :  e n d ; / / o f  p r o c e d u r e
2 6 2  :

2 6 3 :  p r o c e d u r e  T F o r m l . c o m m 2 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h : W o r d ) ;

2  6 4 :  v a r
2 6 5 :  t a r e L i m i t : s i n g l e ;

2 6 6 :  b e g i n
2 6 7 :  T a r e L i m i t : = 6 ;

2 6 8 :  i f  G e t T i c k C o u n t > e t 2 + 4 0 0 0  t h e n  e d i t 2 1 o g . t e x t : = 1 - - . - g ' ;

2 6 9 :  s e t l e n g t h ( s t r 2 , b u f f e r l e n g t h ) ;

2 7 0 :  M o v e ( B u f f e r ^ , s t r 2 [ l ] ,  B u f f e r L e n g t h ) ;

2 7 1 :  P r e B a l O u t 2 : = B a l O u t 2 ;
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2 7 2 :  B a l O u t 2 : = c o n c a t ( s  t  r 2  [ 1  ] + s t r 2  [ 7  ] + s  t  r 2  [ 8 ] + s  t  r 2  [ 9  ] + s  t  r 2  [ 1 0  ] ) ;

2 7 3 :  e d i t 2 . t e x t : = B a l O u t 2 ;
2 7 4 :  i f  B a l O u t 2 = P r e B a l O u t 2  t h e n  C o u n t 2 : = C o u n t 2 + l

2 7 5 :  e l s e  C o u n t 2 : = 0 ;

2 7  6 :  i f  C o u n t 2 > = : 8 t h e n  b e g i n  
2 7 7 :  P E x t 2 a : = P E x t 2 ;
2 7 8 :  P E x t 2 : = s t r T o F l o a t ( c o n c a t ( s t r 2 [ 7 ] + s t r 2 [ 8 ] + s t r 2 [ 9 ] + s t r 2 [ 1 0 ] ) ) ;

2 7 9 :  i f  s t r 2 [ 1 ]  =  1 -  1 t h e n  P E x t 2 : = P E x t 2 * - 1 ;
2 8 0 :  i f  P E x t 2 < T a r e L i m i t  t h e n  i f  P E x t 2 > - T a r e L i m i t  t h e n  T a r e 2 : = P E x t 2 ;
2 8 1 :  e d i t 2 t a r e . t e x t : = F l o a t T o S t r F ( T a r e 2 , f f F i x e d ,  3 ,  1 ) ;

2 8 2 :  i f  P E x t 2 - T a r e 2 > = 1 0  t h e n  b e g i n
2 8 3 :  B i r d 2 : = F l o a t t o S t r F ( P E x t 2 - T a r e 2 , f f F i x e d ,  3 ,  1 ) ;

2  8 4 :  A p p e n d ( B a l 2 ) ;
2 8 5 :  i f  e t 2 + 1 5 0 0 0 < g e t t i c k c o u n t  t h e n  P E x t 2 a : = 0 ;

2 8 6 :  i f  P e x t 2 a < > P e x t 2  t h e n  b e g i n
2 8 7 :  E d i t 2 1 o g . t e x t : = B i r d 2 + ' g ' ;  e t 2 : = g e t t i c k c o u n t ;
2 8 8 :  W r i t e L n ( B a l 2 , G l o b a l T i m e t ' ,  ' + B i r d 2 + ' ,  ' t T i m e t o S t r ( T i m e ) ) ;  e n d ;

2 8 9 :  C l o s e F i l e ( B a l 2 ) ; C o u n t 2 : = - l ;

2  9 0 :  e n d ;

2  9 1 :  e n d ;

2 9 2 :  e n d ; / / o f  p r o c e d u r e
2 9 3 :

2 9 4 :  p r o c e d u r e  T F o r m l . c o m m 3 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h : W o r d ) ;  

2 9 5 :  b e g i n
2 9 6 :  i f  G e t T i c k C o u n t > e t 3 + 4 0 0 0  t h e n  e d i t 3 1 o g . t e x t - g 1 ;

2 9 7 :  s e t l e n g t h ( s t r 3 , b u f f e r l e n g t h ) ;

2 9 8 :  M o v e ( B u f f e r A , s t r 3 [ l ] ,  B u f f e r L e n g t h ) ;

2 9 9 :  P r e B a l O u t 3 : = B a l O u t 3 ;

3 0 0 :  B a l O u t 3 : = c o n c a t  ( s t r 3 [ l ] + s t r 3 [ 7 ] + s t r 3 [ 8 ] + s t r 3 [ 9 ] + s t r 3 [ 1 0 ]  ) ;

3 0 1 :  e d i t 3 . t e x t : = B a l O u t 3 ;

3 0 2 :  i f  B a l O u t 3 = P r e B a l O u t 3  t h e n  C o u n t 3 : = C o u n t 3 + 1

3 0 3 :  e l s e  C o u n t 3 : = 0 ;

3 0 4 :  i f  C o u n t 3 > = 8  t h e n  b e g i n  
3 0 5 :  P E x t 3 a : = P E x t 3 ;
3 0 6 :  P E x t 3 : = s t r T o F l o a t ( c o n c a t ( s t r 3 [ 7 ] + s t r 3 [ 8 ] + s t r 3 [ 9 ] + s t r 3 [ 1 0 ] ) ) ;

3 0 7 :  i f  s t r 3 [ 1 ]  =  ' -  1 t h e n  P E x t 3 : = P E x t 3 * - l ;

3 0 8 :  i f  P E x t 3 < 5  t h e n  i f  P E x t 3 > - 5  t h e n  T a r e 3 : = P E x t 3 ;
3 0 9 :  e d i t 3 t a r e . t e x t : = F l o a t T o S t r F ( T a r e 3 , f f F i x e d ,  3 ,  1 ) ;

3 1 0 :  i f  P E x t 3 - T a r e 3 > = l 0  t h e n  b e g i n
3 1 1 :  B i r d 3 : = F l o a t t o S t r F ( P E x t 3 - T a r e 3 ,  f f F i x e d ,  3 ,  1 ) ;

3 1 2 :  A p p e n d ( B a l 3 ) ;
3 1 3 :  i f  e t 3 + 1 5 0 0 0 < g e t t i c k c o u n t  t h e n  P E x t 3 a : = 0 ;

3 1 4 :  i f  P e x t 3 a < > P e x t 3  t h e n  b e g i n
3 1 5 :  E d i t 3 1 o g . t e x t : = B i r d 3 + ' g ' ;  e t 3 : = g e t t i c k c o u n t ;

3 1 6 :  W r i t e L n ( B a l 3 ,  G l o b a l T i m e t ' ,  ' + B i r d 3 + ' ,  ' t T i m e t o S t r ( T i m e ) ) ;  e n d ;

3 1 7 :  C l o s e F i l e ( B a l 3 ) ; C o u n t 3 : = - l ;

3 1 8 :  e n d ;

3 1 9 :  e n d ;

3 2  0 :  e n d ; / / o f  p r o c e d u r e
3 2 1 :

3 2 2  :
3 2 3 :  p r o c e d u r e  T F o r m l . c o m m 4 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h : W o r d ) ;

3 2  4 :  b e g i n
3 2 5 :  i f  G e t T i c k C o u n t > e t 4 + 4 0 0 0  t h e n  e d i t 4 1 o g . t e x t - g 1 ;

3 2 6 :  s e t l e n g t h ( s t r 4 , b u f f e r l e n g t h ) ;

3 2 7 :  M o v e ( B u f f e r A , s t r 4 [ l ] ,  B u f f e r L e n g t h ) ;

3 2 8 :  P r e B a l O u t 4 : = B a l O u t 4 ;

3 2 9 :  B a l O u t 4 : = c o n c a t ( s t r 4 [ 1 ] + s t r 4 [ 7 ] + s t r 4 [ 8 ] + s t r 4 [ 9 ] + s t r 4 [ 1 0 ] ) ;

3 3 0 :  e d i t 4 . t e x t : = B a l O u t 4 ;

3 3 1 :  i f  B a l O u t 4 = P r e B a l O u t 4  t h e n  C o u n t 4 : = C o u n t 4 + 1

3 3 2 :  e l s e  C o u n t 4 : = 0 ;

3 3 3 :  i f  C o u n t 4 > = 8  t h e n  b e g i n  

3 3 4 :  P E x t 4 a : = P E x t 4 ;
3 3 5 :  P E x t 4 : = s t r T o F l o a t ( c o n c a t ( s t r 4 [ 7 ] + s t r 4 [ 8 ] + s t r 4 [ 9 ] + s t r 4 [ 1 0 ] ) ) ;

3 3 6 :  i f  s t r 4 [ 1 ]  =  1 -  1 t h e n  P E x t 4 : = P E x t 4 * - l ;

3 3 7 :  i f  P E x t 4 < 5  t h e n  i f  P E x t 4 > —5  t h e n  T a r e 4 : = P E x t 4 ;

3 3 8 :  e d i t 4 t a r e . t e x t : = F l o a t T o S t r F ( T a r e 4 , f f F i x e d ,  3 ,  1 ) ;

3 3 9 :  i f  P E x t 4 - T a r e 4 > = 1 0  t h e n  b e g i n
3 4 0 :  B i r d 4 : = F l o a t t o S t r F ( P E x t 4 - T a r e 4 , f f F i x e d ,  3 ,  1 ) ;

3 4 1 :  A p p e n d ( B a l 4 ) ;
3 4 2 :  i f  e t 4 + 1 5 0 0 0 < g e t t i c k c o u n t  t h e n  P E x t 4 a : = 0 ;

3 4 3 :  i f  P e x t 4 a O P e x t 4  t h e n  b e g i n
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3 4 4 :  E d i t 4 1 o g . t e x t : = B i r d 4 + ' g 1 ; e t 4 : = g e t t i c k c o u n t ;
3 4 5 :  W r i t e L n ( B a l 4 , G l o b a l T i m e + ' ,  ' + B i r d 4 + ' ,  ' + T i m e t o S t r ( T i m e ) ) ;  e n d ;

3 4 6 :  C l o s e F i l e ( B a l 4 ) ;  C o u n t 4 : = - l ;

3  4 7 :  e n d ;

3  4 8 :  e n d ;

3 4  9 :  e n d ; / / o f  p r o c e d u r e  
3 5 0 :
3 5 1 :
3 5 2 :  p r o c e d u r e  T F o r m l . c o m m 5 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h : W o r d ) ;  

3 5 3 :  b e g i n
3 5 4 :  i f  G e t T i c k C o u n t > e t 5 + 4 0 0 0  t h e n  e d i t 5 1 o g . t e x t - g 1 ;

3 5 5 :  s e t l e n g t h ( s t r 5 , b u f f e r l e n g t h ) ;
3 5 6 :  M o v e ( B u f f e r A , s t r 5 [ l ] ,  B u f f e r L e n g t h ) ;
3 5 7 :  P r e B a l O u t 5 : = B a l O u t 5 ;

3 5 8 :  B a l O u t 5 : = c o n c a t ( s t r 5 [ l ] + s t r 5 [ 7 ] + s t r 5 [ 8 ] + s t r 5 [ 9 ] + s t r 5 [ 1 0 ] ) ;

3 5 9 :  e d i t 5 . t e x t : = B a l O u t 5 ;
3 6 0 :  i f  B a l O u t 5 = P r e B a l O u t 5  t h e n  C o u n t 5 : = C o u n t 5 + 1

3 6 1 :  e l s e  C o u n t 5 : = 0 ;

3 6 2 :  i f  C o u n t 5 > = 8  t h e n  b e g i n  
3 6 3 :  P E x t 5 a : = P E x t 5 ;

3 6 4 :  P E x t 5 : = s t r T o F l o a t ( c o n c a t ( s t r 5 [ 7 ] + s t r 5 [ 8 ] + s t r 5 [ 9 ] + s t r 5 [ 1 0 ] ) ) ;

3 6 5 :  i f  s t r 5 [ l ] = ' - '  t h e n  P E x t 5 : = P E x t 5 * - 1 ;

3 6 6 :  i f  P E x t 5 < 5  t h e n  i f  P E x t 5 > - 5  t h e n  T a r e 5 : = P E x t 5 ;
3 6 7 :  e d i t 5 t a r e . t e x t : = F l o a t T o S t r F ( T a r e 5 ,  f f F i x e d ,  3 ,  1 ) ;

3 6 8 :  i f  P E x t 5 - T a r e 5 > = 1 0  t h e n  b e g i n
3 6 9 :  B i r d 5 : = F l o a t t o S t r F ( P E x t 5 - T a r e 5 ,  f f F i x e d ,  3 ,  1 ) ;

3 7 0 :  A p p e n d ( B a l 5 ) ;

3 7 1 :  i f  e t 5 + 1 5 0 0 0 < g e t t i c k c o u n t  t h e n  P E x t 5 a : = 0 ;

3 7 2 :  i f  P e x t 5 a O P e x t 5  t h e n  b e g i n
3 7 3 :  E d i t 5 1 o g . t e x t : = B i r d 5 + ' g ' ;  e t 5 : = g e t t i c k c o u n t ;

3 7 4 :  W r i t e L n ( B a l 5 ,  G l o b a l T i m e + ' ,  ' + B i r d 5 + ' ,  1 + T i m e t o S t r ( T i m e ) ) ;  e n d ;

3 7 5 :  C l o s e F i l e ( B a l 5 ) ;  C o u n t 5 : = - l ;

3 7  6 :  e n d ;

3 7 7 :  e n d ;

3 7  8 :  e n d ; / / o f  p r o c e d u r e  
3 7 9 :
3 8 0 :

3 8 1 :  p r o c e d u r e  T F o r m l . c o m m 6 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h : W o r d ) ;  

3 8 2 :  b e g i n
3 8 3 :  i f  G e t T i c k C o u n t > e t 6 + 4 0 0 0  t h e n  e d i t 6 1 o g . t e x t - g 1 ;

3 8 4 :  s e t l e n g t h ( s t r 6 ,  b u f f e r l e n g t h ) ;

3 8 5 :  M o v e ( B u f f e r A , s t r 6 [ l ] ,  B u f f e r L e n g t h ) ;

3 8 6 :  P r e B a l O u t 6 : = B a l O u t 6 ;

3 8 7 :  B a l O u t 6 : = c o n c a t ( s t r 6 [ l ] + s t r 6 [ 7 ] + s t r 6 [ 8 ] + s t r 6 [ 9 ] + s t r 6 [ 1 0 ]  ) ;
3 8 8 :  e d i t 6 . t e x t : = B a l O u t 6 ;

3 8 9 :  i f  B a l O u t 6 = P r e B a l O u t 6  t h e n  C o u n t 6 : = C o u n t 6 + 1

3 9 0 :  e l s e  C o u n t 6 : = 0 ;

3 9 1 :  i f  C o u n t 6 > = 8  t h e n  b e g i n  
3 9 2 :  P E x t 6 a : = P E x t 6 ;

3  9 3 :  P E x t 6 : = s t r T o F l o a t ( c o n c a t ( s t r 6 [ 7 ] + s t r 6 [ 8 ] + s t r 6 [ 9 ] + s t r 6 [ 1 0 ] ) ) ;

3 9 4 :  i f  s t r 6 [ 1 ] = ' -  1 t h e n  P E x t 6 : = P E x t 6 * - l ;

3 9 5 :  i f  P E x t 6 < 5  t h e n  i f  P E x t 6 > - 5  t h e n  T a r e 6 : = P E x t 6 ;
3 9 6 :  e d i t 6 t a r e . t e x t : = F l o a t T o S t r F ( T a r e 6 ,  f f F i x e d ,  3 ,  1 ) ;

3 9 7 :  i f  P E x t 6 - T a r e 6 > = 1 0  t h e n  b e g i n
3 9 8 :  B i r d 6 : = F l o a t t o S t r F ( P E x t 6 - T a r e 6 ,  f f F i x e d ,  3 ,  1 ) ;

3 9 9 :  A p p e n d ( B a l 6 ) ;

4 0 0 :  i f  e t 6 + 1 5 0 0 0 < g e t t i c k c o u n t  t h e n  P E x t 6 a : = 0 ;

4 0 1 :  i f  P e x t 6 a O P e x t 6  t h e n  b e g i n
4 0 2 :  E d i t 6 1 o g . t e x t : = B i r d 6 + 1 g ' ;  e t 6 : = g e t t i c k c o u n t ;

4 0 3 :  W r i t e L n ( B a l 6 ,  G l o b a l T i m e + 1 , ' + B i r d 6 + ' ,  ' + T i m e t o S t r ( T i m e ) ) ;  e n d ;
4 0 4 :  C l o s e F i l e ( B a l 6 ) ;  C o u n t 6 : = - l ;

4 0 5 :  e n d ;

4 0 6 :  e n d ;

4 0 7 :  e n d ; / / o f  p r o c e d u r e
4 0 8  :

4 0 9 :

4 1 0 :  p r o c e d u r e  T F o r m l . c o m m 7 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h : W o r d ) ; 

4 1 1 :  b e g i n

4 1 2 :  i f  G e t T i c k C o u n t > e t 7 + 4 0 0 0  t h e n  e d i t 7 1 o g . t e x t - g ' ;

4 1 3 :  s e t l e n g t h ( s t r 7 , b u f f e r l e n g t h ) ;

4 1 4 :  M o v e ( B u f f e r A , s t r 7 [ l ] ,  B u f f e r L e n g t h ) ;

4 1 5 :  P r e B a l O u t 7 : = B a l O u t 7 ;
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4 1 6 :  B a l O u t 7 : = c o n c a t ( s t r 7 [ l ] t s t r 7 [ 7 ] t s t r 7 [ 8 ] t s t r 7 [ 9 ] t s t r 7 [ 1 0 ] ) ;

4 1 7 :  e d i t 7 . t e x t : = B a l O u t 7 ;

4 1 8 :  i f  B a l O u t 7 = P r e B a l O u t 7  t h e n  C o u n t 7 : = C o u n t 7 + 1

4 1 9 :  e l s e  C o u n t 7 : = 0 ;

4 2 0 :  i f  C o u n t 7 > = 8  t h e n  b e g i n  
4 2 1 :  P E x t 7  a : = P E x t 7 ;
4 2 2 :  P E x t 7 : = s t r T o F l o a t ( c o n c a t ( s t r 7 [ 7 ] + s t r 7 [ 8 ] + s t r 7 [ 9 ] + s t r 7 [ 1 0 ] ) ) ;

4 2 3 :  i f  s t r 7 [ 1 ]  =  1 - '  t h e n  P E x t 7 : = P E x t 7 * - 1 ;
4 2 4 :  i f  P E x t 7 < 5  t h e n  i f  P E x t 7 > - 5  t h e n  T a r e 7 : = P E x t 7 ;
4 2 5 :  e d i t 7 t a r e . t e x t : = F l o a t T o S t r F ( T a r e 7  , f f F i x e d ,  3 ,  1 ) ;

4 2 6 :  i f  P E x t 7 - T a r e 7 > = 1 0  t h e n  b e g i n
4 2 7 :  B i r d 7 : = F l o a t t o S t r F ( P E x t 7 - T a r e 7 , f f F i x e d ,  3 ,  1 ) ;

4 2 8 :  A p p e n d ( B a l 7 ) ;

4 2 9 :  i f  e t 7 + 1 5 0 0 0 < g e t t i c k c o u n t  t h e n  P E x t 7 a : = 0 ;

4 3 0 :  i f  P e x t 7 a O P e x t 7  t h e n  b e g i n
4 3 1 :  E d i t 7 1 o g . t e x t : = B i r d 7 + ' g ' ;  e t 7 : = g e t t i c k c o u n t ;

4 3 2 :  W r i t e L n ( B a l 7 , G l o b a l T i m e t ' ,  ' + B i r d 7 + ' ,  ' t T i m e t o S t r ( T i m e ) ) ;  e n d ;

4 3 3 :  C l o s e F i l e ( B a l 7 ) ;  C o u n t 7 : = - l ;

4 3 4 :  e n d ;

4 3 5 :  e n d ;

4 3 6 :  e n d ; / / o f  p r o c e d u r e
4 3 7  :

4 3 8  :
4 3 9 :  p r o c e d u r e  T F o r m l . c o m m 8 R e c e i v e D a t a ( B u f f e r : P o i n t e r ;  B u f f e r L e n g t h : W o r d ) ;  

4 4 0 :  b e g i n
4 4 1 :  i f  G e t T i c k C o u n t > e t 8 + 4 0 0 0  t h e n  e d i t 8 1 o g . t e x t - g ' ;

4 4 2 :  s e t l e n g t h ( s t r 8 ,  b u f f e r l e n g t h ) ;
4 4 3 :  M o v e ( B u f f e r ^ , s t r 8 [ l ] ,  B u f f e r L e n g t h ) ;

4 4 4 :  P r e B a l O u t 8 : = B a l O u t 8 ;
4 4 5 :  B a l O u t 8 : = c o n c a t ( s t r 8 [ l ] + s t r 8 [ 7 ] + s t r 8 [ 8 ] + s t r 8 [ 9 ] + s t r 8 [ 1 0 ] ) ;
4 4 6 :  e d i t 8 . t e x t : = B a l O u t 8 ;

4 4 7 :  i f  B a l O u t 8 = P r e B a l O u t 8  t h e n  C o u n t 8 : = C o u n t 8 + 1

4 4 8 :  e l s e  C o u n t 8 : = 0 ;

4 4 9 :  i f  C o u n t 8 > = 8  t h e n  b e g i n  
4 5 0 :  P E x t 8 a : = P E x t 8 ;
4 5 1 :  P E x t 8 : = s t r T o F l o a t ( c o n c a t ( s t r 8 [ 7 ] + s t r 8 [ 8 ] + s t r 8 [ 9 ] + s t r 8 [ 1 0 ] ) ) ;

4 5 2 :  i f  s t r 8 [ 1 ]  =  1 - '  t h e n  P E x t 8 : = P E x t 8 * - l ;
4 5 3 :  i f  P E x t 8 < 5  t h e n  i f  P E x t 8 > - 5  t h e n  T a r e 8 : =  P E x t 8 ;
4 5 4 :  e d i t 8 t a r e . t e x t : = F l o a t T o S t r F ( T a r e S , f f F i x e d ,  3 ,  1 ) ;

4 5 5 :  i f  P E x t 8 - T a r e 8 > = 1 0  t h e n  b e g i n
4 5 6 :  B i r d 8 : = F l o a t t o S t r F ( P E x t 8 - T a r e 8 , f f F i x e d ,  3 ,  1 ) ;

4 5 7 :  A p p e n d ( B a l 8 ) ;

4 5 8 :  i f  e t 8 + 1 5 0 0 0 < g e t t i c k c o u n t  t h e n  P E x t 8 a : = 0 ;

4 5 9 :  i f  P e x t 8 a O P e x t 8 t h e n  b e g i n
4 6 0 :  E d i t 8 1 o g . t e x t : = B i r d 8 + ' g ' ;  e t 8 : = g e t t i c k c o u n t ;

4 6 1 :  W r i t e L n ( B a l 8 ,  G l o b a l T i m e t ' ,  ' t B i r d 8 t ' ,  ' t T i m e t o S t r ( T i m e ) ) ;  e n d ;

4 6 2 :  C l o s e F i l e ( B a l 8 ) ;  C o u n t 8 : = - l ;

4 6 3 :  e n d ;

4 6 4 :  e n d ;

4 6 5 :  e n d ; / / o f  p r o c e d u r e
4 6 6 :

4 6 7 :

4 6 8 :  {END OF COMM EVENT HANDLERS AND ST AR T  OF S T A R T / S T O P  EVENTS}
4 6 9 :  p r o c e d u r e  T F o r m l . O p e n P o r t s C l i c k ( S e n d e r : T O b j e c t ) ;

4 7 0 :  b e g i n
4 7 1 :  i f  t o g g l i e = f a l s e  t h e n  b e g i n  

4 7 2 :  b e e p ;

4 7 3 :  c o m m l . s t a r t c o m m ;

4 7 4 :  c o m m 2 . s t a r t c o m m ;

4 7 5 :  c o m m 3 . s t a r t c o m m ;

4 7 6 :  c o m m 4 . s t a r t c o m m ;

4 7 7 :  c o m m 5 . s t a r t c o m m ;

4 7 8 :  c o m m 6 . s t a r t c o m m ;

4 7 9 :  c o m m 7 . s t a r t c o m m ;

4 8 0 :  c o m m 8 . s t a r t c o m m ;

4 8 1 :  L a b e l 5 . c a p t i o n : = 1 P o r t s  O p e n  ' ;

4 8 2 :  L a b e l 5 . c o l o r : = c l l i m e ;

4 8 3 :  l a b e l  5 . w i d t h : = 1 2 1 ;

4 8 4 :  O p e n P o r t s . c a p t i o n : = ' C l o s e  C o m m  P o r t s ' ;

4 8 5 :  s h a p e l . b r u s h . c o l o r : = c l r e d ;

4 8 6 :  e n d ;
4 8 7 :  i f  t o g g l i e = t r u e  t h e n  b e g i n
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4 8 8 b e e p ;

4 8 9 c o m m l . s t o p c o r n m ;

4 9 0 c o m m 2 . s t o p c o r n m ;
4 9 1 c o m m 3  . s t o p c o r n m ;

4 9 2 c o m m 4  . s t o p c o r n m ;

4 9 3 c o m m 5  . s t o p c o r n m ;

4 9 4 c o m m 6 . s  t o p c o m m ;

4 9 5 c o m m 7  . s t o p c o r n m ;

4 9 6 c o m m 8  . s t o p c o r n m ;

4 9 7 L a b e l 5 . c a p t i o n : =  ' P o r t s  C l o s e d  ' ;

4 9 8 L a b e l 5 . c o l o r : = c l r e d ;

4 9 9 l a b e l 5 . w i d t h : = 1 2 1 ;

5 0 0 O p e n P o r t s . c a p t i o n : =  1 O p e n  C o m m  P o r t s ' ;
5 0 1 s h a p e l . b r u s h . c o l o r : = c l l i m e ;

5 0 2 end;
5 0 3 if t o g g l i e = t r u e  then t o g g l i e : = f a l s e  else t o g g l i e : = t r u e ;

5 0 4
5 0 5

5 0 6

end;

5 0 7 procedure T F o r m l . E x i t C l i c k ( S e n d e r : T O b j e c t ) ;

5 0 8 begin
5 0 9 C l o s e ;

5 1 0
5 1 1

end;

5 1 2 procedure T F o r m l . T i m e r I T i m e r ( S e n d e r : T O b j e c t ) ;

5 1 3 begin
5 1 4 D d a t e : = D a t e T o S t r ( D a t e ) ;

5 1 5 D d a t e A : = '  ' + ' [ 1 t d d a t e [ 1 ] t d d a t e [ 2 ] + '  ' + d d a t e [ 4 ] t d d a t e  

' t d d a t e [ 7 ] t d d a t e [ 8 ] + ' ]
[ 5 ]  +  '

5 1 6 D a y X : = D a y O f W e e k ( D a t e ) ;  { C u r r e n t  D a y  o f  Week .

5 1 7

5 1 8
D a y  Y i s  P r e v i o u s  d a y  o f  w e e k }

5 1 9 if d a y x o d a y y  { t h e n  i f  i n i t i a t e - t r u e  jthen begin { i f  
r e a s s i g n  f i l e n a m e s

d a t e  h a s  j u s t  c h a n g e d  t h

5 2 0 f o r  b o t h  p e r c h  f i l e s  a n d  b a l a n c e  f i l e s }
5 2 1 A s s i g n F i l e ( a ,  ' c : \ P e r c h D a t a \ P e r c h l 1 + D d a t e A + 1 . t x t ' ) { c r e a t e s  t e x t  f i l e s }
5 2 2 A s s i g n F i l e ( b ,  ' c : \ P e r c h D a t a \ P e r c h 2 ' + D d a t e A + ' . t x t ' )

5 2 3 A s s i g n F i l e ( c ,  ' c : \ P e r c h D a t a \ P e r c h 3 1 + D d a t e A + ' . t x t ' )

5 2 4 A s s i g n F i l e ( d ,  1 c : \ P e r c h D a t a \ P e r c h 4 ' + D d a t e A + ' . t x t 1 )

5 2 5 A s s i g n F i l e ( e ,  ' c : \ P e r c h D a t a \ P e r c h 5 ' t D d a t e A t ' . t x t 1 )

5 2 6 A s s i g n F i l e ( f ,  ' c : \ P e r c h D a t a \ P e r c h 6 ' t D d a t e A t ' . t x t ' )

5 2 7 A s s i g n F i l e ( g ,  ' c : \ P e r c h D a t a \ P e r c h 7 ' + D d a t e A + ' . t x t ' )

5 2 8 A s s i g n F i l e ( h ,  ' c : \ P e r c h D a t a \ P e r c h 8 ' + D d a t e A + ' . t x t 1 )

5 2 9 A s s i g n F i l e ( P e r c h T B D a t a , 1 c : \ P e r c h D a t a \ P e r c h T B D a t a ' t D d a t e A t 1 . t x t ' ) ;

5 3 0 if F i l e E x i s t s ( ' c : \ P e r c h D a t a \ P e r c h l 1 + D d a t e A + ' . t x t ' ) = - t r u e  then begin
5 3 1 r e s e t ( a ) ;  r e s e t ( b ) ;  r e s e t ( c ) ;  r e s e t ( d ) ;

5 3 2 r e s e t ( e ) ;  r e s e t ( f ) ;  r e s e t ( g ) ;  r e s e t ( h ) ;  r e s e t ( P e r c h T B D a t a ) ;  end else begin
5 3 3 r e w r i t e ( a ) ;  r e w r i t e ( b ) ;  r e w r i t e ( c ) ;  r e w r i t e ( d ) ;  r e w r i t e ( e ) ;

5 3 4
5 3 5

r e w r i t e ( f ) ;  r e w r i t e ( g ) ;  r e w r i t e ( h ) ;  r e w r i t e ( P e r c h T B D a t a ) ;  end;

5 3 6 A s s i g n F i l e ( F e e d T B D a t a ,  ' c : \ F e e d P e r c h D a t a \ F e e d T B D a t a ' t D d a t e A t ' . t x t ' ) ;

5 3 7 A s s i g n F i l e ( F e e d 1 ,  ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h i ' + D d a t e A + ' . t x t ' ) ;

5 3 8 A s s i g n F i l e ( F e e d 2 , 1 c : \ F e e d P e r c h D a t a \ F e e d P e r c h 2 1 t D d a t e A t 1 . t x t 1 ) ;

5 3 9 A s s i g n F i l e ( F e e d 3 ,  ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 3 ' t D d a t e A t ' . t x t ' ) ;

5 4 0 A s s i g n F i l e ( F e e d 4 ,  ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 4 1 t D d a t e A t 1 . t x t ' ) ;
5 4 1 A s s i g n F i l e ( F e e d 5 , ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 5 + D d a t e A + ' . t x t 1 ) ;
5 4 2 A s s i g n F i l e ( F e e d 6 ,  ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 6 ' + D d a t e A + 1 . t x t ' ) ;
5 4 3 A s s i g n F i l e ( F e e d 7 , ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 7 ' + D d a t e A + 1 . t x t ' ) ;

5 4 4

5 4 5
A s s i g n F i l e ( F e e d 8 ,  ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 8 1 t D d a t e A t ' . t x t 1 ) ;

5 4 6 A s s i g n F i l e ( B a l l ,  ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e l ' t D d a t e A t ' . t x t 1 ) ;

5 4 7 A s s i g n F i l e ( B a l 2 ,  ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e 2 1 t D d a t e A t 1 . t x t ' ) ;

5 4 8 A s s i g n F i l e ( B a l 3 ,  ' c : \ E v e r y B a l a n c e 0 u t p u t \ C a g e 3 ' + D d a t e A + 1 . t x t 1 ) ;

5 4 9 A s s i g n F i l e ( B a l 4 ,  ' c : \ E v e r y B a l a n c e 0 u t p u t \ C a g e 4 ' t D d a t e A t ' . t x t 1 ) ;

5 5 0 A s s i g n F i l e ( B a l 5 ,  ' c : \ E v e r y B a l a n c e 0 u t p u t \ C a g e 5 ' + D d a t e A + 1 . t x t ' ) ;

5 5 1 A s s i g n F i l e ( B a l 6 ,  ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e 6 ' + D d a t e A + ' . t x t 1 ) ;

5 5 2 A s s i g n F i l e ( B a l 7 ,  ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e 7 ' t D d a t e A t 1 . t x t 1 ) ;

5 5 3

5 5 4

A s s i g n F i l e ( B a l 8 ,  ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e 8 ' + D d a t e A + 1 . t x t 1 ) ;

5 5 5 if F i l e E x i s t s ( ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e l ' + D d a t e A + ' . t x t ' )  then begin
5 5 6 r e s e t ( b a l l ) ;  r e s e t ( b a ! 2 ) ;  r e s e t  ( b a l 3 ) ;  r e s e t  ( b a l 4 ) ;

5 5 7 r e s e t ( b a l 5 ) ;  r e s e t ( b a l 6 ) ;  r e s e t  ( b a l 7 ) ;  r e s e t !b a l 8 )  ; end else begin
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5 5 8 :  r e w r i t e ( B a l l ) ; r e w r i t e ( B a l 2 ) ;  r e w r i t e ( B a l 3 ) ;  r e w r i t e ( B a l 4 ) ;
5 5 9 :  r e w r i t e ( B a l 5 ) ;  r e w r i t e ( B a l 6 ) ; r e w r i t e ( B a l 7 ) ;  r e w r i t e ( B a l 8 ) ;  end;
5 6 0  :
5 6 1 :  if F i l e E x i s t s ( ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h l ' t D d a t e A t t x t ' ) = t r u e  then begin
5 6 2 :  r e s e t ( F e e d T B D a t a ) ;  r e s e t ( f e e d l ) ;  r e s e t ( f e e d 2 ) ;  r e s e t ( f e e d 3 ) ;

5 6 3 :  r e s e t ( f e e d 4 ) ; r e s e t ( f e e d 5 ) ; r e s e t  ( f e e d 6 ) ;  r e s e t ( f e e d 7 ) ; r e s e t  ( f e e d 8 ) ; end
else begin

5 6 4 :  r e w r i t e ( F e e d T B D a t a ) ;  r e w r i t e ( f e e d l ) ;  r e w r i t e ( f e e d 2 ) ;  r e w r i t e ( f e e d 3 ) ;

5 6 5 :  r e w r i t e ( f e e d 4 ) ;  r e w r i t e ( f e e d 5 ) ;  r e w r i t e ( f e e d 6 ) ;  r e w r i t e ( f e e d 7 ) ;

r e w r i t e ( f e e d 8 ) ;

5 6 6 :  end;
5 6 7  :
5 6 8 :  C l o s e F i l e ( a ) ;  C l o s e F i l e ( b ) ;  C l o s e F i l e ( c ) ; C l o s e F i l e ( d ) ;

5 6 9 :  C l o s e F i l e ( e ) ;  C l o s e F i l e ( f ) ; C l o s e F i l e ( g ) ;  C l o s e F i l e ( h ) ;
5 7 0 :  C l o s e F i l e ( P e r c h T B D a t a ) ;  C l o s e F i l e ( F e e d T B D a t a ) ;

5 7 1 :  C l o s e F i l e ( f e e d l ) ;  C l o s e F i l e ( f e e d 2 ) ;  C l o s e F i l e ( f e e d 3 ) ;  C l o s e F i l e ( f e e d 4 ) ;

5 7 2 :  C l o s e F i l e ( f e e d 5 ) ;  C l o s e F i l e ( f e e d 6 ) ;  C l o s e F i l e ( f e e d 7 ) ;  C l o s e F i l e ( f e e d 8 ) ;
5 7 3 :  C l o s e F i l e ( B a l 1 ) ;  C l o s e F i l e ( B a l 2 ) ;  C l o s e F i l e ( B a l 3 ) ;  C l o s e F i l e ( B a l 4 ) ;

5 7 4 :  C l o s e F i l e ( B a l 5 ) ;  C l o s e F i l e ( B a l 6 ) ;  C l o s e F i l e ( B a l 7 ) ;  C l o s e F i l e ( B a l 8 ) ;

5 7  5 :  end;
5 7 6 :
5 7 7 :  if L o g g i n g C a p t i o n C o u n t e r < 1 0 0  then i n c ( L o g g i n g C a p t i o n C o u n t e r ) ;  if 

L o g g i n g C a p t i o n C o u n t e r = 1 0 0  then 
5 7 8 :  if l o g g e r f l a g = t r u e  then begin L a b e l 2 1 . c a p t i o n : =  1 W a i t i n g  t o  L o g  T . B .

D a t a  1 ;

5 7 9 :  l a b e l 2 1 . w i d t h : = 1 2 1 ;

5 8 0 :  L a b e l 2 1 . c o l o r : = c l r e d ;  end;
5 8 1 :  G l o b a l T i m e : = i n t t o s t r ( T i m e T o I n t e g e r M s ( t i m e ) ) ; { s e t s  g l o b a l  t i m e }
5 8 2  :
5 8 3 :  (/-* * * * * * * * * * *  * c o d e  f o r  P e r c h  L o g g e r * * * * * * * * * * * * * *  j

5 8 4 :  D I O g e t D a t a ( i , 0 ,  0 ,  S d a t a l

5 8 5 :  D I O g e t D a t a ( i , 0 ,  1 ,  @ d a t a 2 ) ;  { g e t s  1 0  d a t a  f r o m  p o r t s }
5 8 6 :  D I O g e t D a t a  ( i , 0 ,  2 ,  @ d a t a 3 )

5 8 7 :  D I O g e t D a t a ( i , 8 ,  0 ,  @ d a t a 4 )

5 8 8 :  D I O g e t D a t a ( i , 8 ,  1,  @ d a t a 5 ) ;  / / n e w  c o d e  f o r  f e e d  p e r c h
{ c o n v e r t s  10  d a t a  i n t o  a b i n a r y  s t r i n g }5 8 9 :  P s t r l : = D e c t o B i n ( d a t a l )

5 9 0 :  P s t r 2 : = D e c t o B i n ( d a t a 2 )
5 9 1 :  P s t r 3 : = D e c t o B i n ( d a t a 3 )

5 9 2 :  P s t r 4 : = D e c t o B i n ( d a t a 4 )

5 9 3 :  P s t r 5 : = D e c t o B i n ( d a t a 5 ) ; / / n e w  c o d e  f o r  f e e d  p e r c h  
5 9 4  :

5 9 5 :  if l o g g e r F l a g = t r u e  then begin { s a m p l e s  a l l  o f  t h e  e i g h t  p e r c h  u n i t s  
5 9 6 :  p l u s  t h e  e i g h t  f e e d i n g  p e r c h e s -  p r o v i d e d  t h a t  l o g g e r f l a g  
5 9 7 :  i s  s e t  t o  t r u e }
5 9 8 :  { Z e r o  i s  o n ,  o n e  i s  o f f }
5 9 9 :

6 0 0 :  if P s t r 5 [ 9 ] = ' 0 '  then if f l b = f a l s e  then begin f l b : = t r u e ;

T i m e l b : = T i m e t o S t r ( t i m e ) ;

6 0 1 :  t l b : = G l o b a l T i m e ; end; / / c o d e  f o r  f e e d  p e r c h  o n e
6 0 2 :  if P s t r 5 [ 9 ] = ' l '  then if f l b = t r u e  then begin f l b : = f a l s e ;  i n c ( m b l ) ;

A p p e n d ( f e e d l ) ;

6 0 3 :  if s t r t o f l o a t ( g l o b a l T i m e ) > s t r t o f l o a t ( t l b )  then / / p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y  

6 0 4 :  W r i t e L n ( f e e d l , t l b  + ' ,  ' + t i m e l b + ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l T i m e ) - s t r t o f l o a t ( t l b ) ) ) ;

6 0 5 :  C l o s e F i l e ( F e e d l ) ;

6 0 6 :  O n l b : = O n l b + s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l b ) ; end;
6 0 7  :

6 0 8 :  if P s t r 5 [ 8 ] = 1 0 1 then if f 2 b = f a l s e  then begin f 2 b : = t r u e ;

T i m e 2 b : = T i m e t o S t r ( t i m e ) ;

6 0 9 :  t 2 b : = G l o b a l T i m e ; end; / / c o d e  f o r  f e e d  p e r c h  tw o
6 1 0 :  if P s t r 5 [ 8 ] = ' l '  then if f 2 b = t r u e  then begin f 2 b : = f a l s e ;  i n c ( m b 2 ) ;

A p p e n d ( f e e d 2 ) ;

6 1 1 :  if s t r t o f l o a t ( g l o b a l T i m e ) > s t r t o f l o a t ( t 2 b )  then / / p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y  

6 1 2 :  W r i t e L n ( f e e d 2 , t 2 b  + ' ,  ' + t i m e 2 b + ' ,

' t f l o a t t o s t r  ( s t r t o f l o a t ( g l o b a l T i m e ) - s t r t o f l o a t ( t 2 b )  ) ) ;

6 1 3 :  C l o s e F i l e ( F e e d 2 ) ;

6 1 4 :  0 n 2 b : = O n 2 b + s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 b ) ; end;
6 1 5 :

6 1 6 :  if P s t r 5 [ 7 ] = ' 0 '  then if f 3 b = f a l s e  then begin f 3 b : = t r u e ;

T i m e 3 b : = T i m e t o S t r ( t i m e ) ;
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6 1 7  :

6 1 8  :

6 1 9  :

6 2 0 :

6 2 1 :  

6 2 2  : 

6 2 3 :  

6 2 4  :

6 2 5 :
6 2 6 :

6 2 7  :

6 2 8 :

6 2 9 :

6 3 0 :

6 3 1 :

6 3 2 :

6 3 3 :  

6 3 4  :

6 3 5 :

6 3 6 :

6 3 7  : 

6 3 8 :  

6 3 9 :  

6 4 0 :

6 4 1 :  

6 4 2  :

6 4 3 :

6 4  4 :

6 4 5 :
6 4  6 :

6 4 7  :

6 4 8  :

6 4 9 :

6 5 0 :

6 5 1 :

6 5 2  :

6 5  3 :  

6 5 4  : 

6 5 5 :  

6 5 6 :

6 5 7  :

6 5 8  :

6 5 9 :

6 6 0 :

6 6 1

6 6 2

6 6 3

6 6 4

6 6 5

t 3 b : = G l o b a l T i m e ; end; / / c o d e  f o r  f e e d  p e r c h  t h r e e
if P s t r 5 [ 7 ] = ' 1 '  then if f 3 b = t r u e  then begin f 3 b : = f a l s e ;  i n c ( m b 3 ) ;

A p p e n d ( f e e d 3 ) ;
if s t r t o f l o a t ( g l o b a l T i m e ) > s t r t o f l o a t ( t 3 b ) then / / p r e v e n t s  w r i t i n g  t o  f i l e  a t  

t u r n  o f  d a y  
W r i t e L n ( f e e d 3 , t 3 b  + ' ,  ' t t i m e 3 b t ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l T i m e ) - s t r t o f l o a t ( t 3 b ) ) ) ;

C l o s e F i l e ( F e e d 3 ) ;
0 n 3 b : = 0 n 3 b + s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 3 b ) ;  end;

if P s t r 5 [ 6 ] = ' 0 '  then if f 4 b = f a l s e  then begin f 4 b : = t r u e ;

T i m e 4 b : = T i m e t o S t r ( t i m e ) ;  

t 4 b : = G l o b a l T i m e ; end; / / c o d e  f o r  f e e d  p e r c h  f o u r
if P s t r 5 [ 6 ] = 1 1 1 then if f 4 b = t r u e  then begin f 4 b : = f a l s e ;  i n c ( m b 4 ) ;

A p p e n d ( f e e d 4 ) ;
if s t r t o f l o a t ( g l o b a l T i m e ) > s t r t o f l o a t ( t 4 b )  then / / p r e v e n t s  w r i t i n g  t o  f i l e  a t  

t u r n  o f  d a y  
W r i t e L n ( f e e d 4 , t 4 b  + ' ,  ' + t i m e 4 b + ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l T i m e ) - s t r t o f l o a t ( t 4 b ) ) ) ;

C l o s e F i l e ( F e e d 4 ) ;
O n 4 b : = 0 n 4 b t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 4 b ) ; end;

if P s t r 5 [ 5 ] = ' 0 1 then if f 5 b = f a l s e  then begin f 5 b : = t r u e ;
T i m e 5 b : = T i m e t o S t r ( t i m e ) ;  

t 5 b : = G l o b a l T i m e ; end; / / c o d e  f o r  f e e d  p e r c h  f i v e
if P s t r 5 [ 5 ] = 1 1 '  then if f 5 b = t r u e  then begin f 5 b : = f a l s e ;  i n c ( m b 5 ) ;

A p p e n d ( f e e d 5 ) ;
if s t r t o f l o a t ( g l o b a l T i m e ) > s t r t o f l o a t ( t 5 b )  then / / p r e v e n t s  w r i t i n g  t o  f i l e  a t  

t u r n  o f  d a y  
W r i t e L n ( f e e d 5 , t 5 b  + ' ,  ' t t i m e 5 b t ' ,

1 t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l T i m e ) - s t r t o f l o a t ( t 5 b ) ) ) ;

C l o s e F i l e ( F e e d 5 ) ;
O n 5 b : = 0 n 5 b + s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 5 b ) ; end;

if P s t r 5 [ 4 ] = ' 0 '  then if f 6 b = f a l s e  then begin f 6 b : = t r u e ;
T i m e 6 b : = T i m e t o S t r ( t i m e ) ;  

t 6 b : = G l o b a l T i m e ;  end; / / c o d e  f o r  f e e d  p e r c h  s i x
if P s t r 5 [ 4 ] = ' 1 '  then if f 6 b = t r u e  then begin f 6 b : = f a l s e ;  i n c ( m b 6 ) ;

A p p e n d ( f e e d 6 ) ;
if s t r t o f l o a t ( g l o b a l T i m e ) > s t r t o f l o a t ( t 6 b )  then / / p r e v e n t s  w r i t i n g  t o  f i l e  a t  

t u r n  o f  d a y  
W r i t e L n ( f e e d 6 ,  t 6 b  + ' ,  ' t t i m e 6 b t ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l T i m e ) - s t r t o f l o a t ( t 6 b )  ) ) ;

C l o s e F i l e ( F e e d 6 ) ;
O n 6 b : = 0 n 6 b t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 6 b ) ; end;

if P s t r 5 [ 3 ]  =  ' 0 '  then if f 7 b = f a l s e  then begin f 7 b : = t r u e ;

T i m e 7 b : = T i m e t o S t r ( t i m e ) ;  

t 7 b : = G l o b a l T i m e ; end; / / c o d e  f o r  f e e d  p e r c h  s e v e n
if P s t r 5 [ 3 ] = ' l '  then if f 7 b = t r u e  then begin f 7 b : = f a l s e ;  i n c ( m b 7 ) ;

A p p e n d ( f e e d 7 ) ;

if s t r t o f l o a t ( g l o b a l T i m e ) > s t r t o f l o a t ( t 7 b )  then / / p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y  

W r i t e L n ( f e e d 7 , t 7 b  t ' ,  ' t t i m e 7 b t ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l T i m e ) - s t r t o f l o a t ( t 7 b ) ) ) ;

C l o s e F i l e ( F e e d 7 ) ;

0 n 7 b : = 0 n 7 b t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 7 b ) ; end;

if P s t r 5 [ 2 ] = ' 0 '  then if f 8 b = f a l s e  then begin f 8 b : = t r u e ;

T i m e 8 b : = T i m e t o S t r ( t i m e ) ;  

t 8 b : = G l o b a l T i m e ; end; / / c o d e  f o r  f e e d  p e r c h  e i g h t
if P s t r 5 [ 2 ] = ' l '  then if f 8 b = t r u e  then begin f 8 b : = f a l s e ;  i n c ( m b 8 ) ;

A p p e n d ( f e e d 8  ) ;

if s t r t o f l o a t ( g l o b a l T i m e ) > s t r t o f l o a t ( t 8 b )  then / / p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y  

W r i t e L n ( f e e d 8 , t 8 b  t ' ,  ' t t i m e 8 b t ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l T i m e ) - s t r t o f l o a t ( t 8 b ) ) ) ;

C l o s e F i l e ( F e e d 8 ) ;

0 n 8 b : = 0 n 8 b t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 8 b ) ;  end;

if Ps t r 1 [9 ] =' 0 ' then if f l p = f a l s e  then begin f l p : —t r u e ;  T i m e l 1 : —T i m e t o s t r ( t i m e )
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6 6 6 :  t l p := G l o b a l T i m e ; end;{P e r c h i . 1 }
6 6 7 :  if P s t r 1 [ 9 ] = ' 1 '  then if f l p = t r u e  then begin f l p : = f a l s e ;  i n c ( m l ) ;  A p p e n d ( a ) ;  
6 6 8 :  if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t i p ) then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  

t u r n  o f  d a y }
6 6 9 :  W r i t e L n ( a ,  ' 1 ,  1 +  t i p  + ' ,  ' t t i m e l l t ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t i p ) ) ) ;

6 7 0 :  C l o s e F i l e ( a ) ;
6 7 1 :  O n l p : = O n l p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t i p ) ; end;
6 7 2  :
6 7 3 :  if P s t r 1 [ 8 ]  =  1 0 1 then if f 2 p = f a l s e  then begin f 2 p : = t r u e ;  T i m e l 2 : = T i m e t o s t r ( t i m e ) 

6 7 4 :  t 2 p : = G l o b a l T i m e ; end; { P e r c h l . 2 }
6 7 5 :  if P s t r 1 [ 8 ] = ' 1 '  then if f 2 p = t r u e  then begin f 2 p : = f a l s e ;  i n c ( m l ) ; A p p e n d ( a ) ;
6 7 6 :  if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 2 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  

t u r n  o f  d a y }
6 7 7 :  W r i t e L n ( a ,  ' 2 ,  ' +  t 2 p + ' ,  ' + t i m e l 2 + ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 p ) ) ) ; C l o s e F i l e ( a ) ;

6 7  8 :  0 n 2 p : = O n 2 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 p ) ;end;
6 7 9 :
6 8 0 :  if P s t r l [ 7 ] = 1 0 ' then if f 3 p = f a l s e  then begin f 3 p : = t r u e ;  T i m e l 3 : = T i m e t o s t r ( t i m e ) 

6 8 1 :  t 3 p : = G l o b a l T i m e ; end; { P e r c h l . 3}
6 8 2 :  if P s t r l [ 7 ] = ' l '  then if f 3 p = t r u e  then begin f 3 p : = f a l s e ;  i n c ( m l ) ;  A p p e n d ( a ) ;  

6 8 3 :  if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 3 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

6 8 4 :  W r i t e L n ( a ,  ' 3 ,  ' +  t 3 p + ' ,  1 + t i m e l 3 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 3 p ) ) ) ; C l o s e F i l e ( a ) ;

6 8  5 :  0 n 3 p : = 0 n 3 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 3 p ) ; end;
6 8 6 :
6 8 7 :  if P s t r l [ 6 ] = ' 0 ' then if f 4 p = f a l s e  then begin f 4 p : = t r u e ;  T i m e l 4 : = T i m e t o s t r ( t i m e ) 

6 8  8 :  t 4 p : = G l o b a l T i m e ; end; { P e r c h l . 4}
6 8 9 :  if P s t r l [ 6 ] = ' 1 '  then if f 4 p = t r u e  then begin f 4 p : = f a l s e ;  i n c ( m l ) ;  A p p e n d ( a ) ;  
6 9 0 :  if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 4 p ) then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  

t u r n  o f  d a y }
6 9 1 :  W r i t e L n ( a ,  ' 4 ,  ' + t 4 p + ' ,  ' + t i m e l 4 + ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 4 p ) ) ) ; C l o s e F i l e ( a ) ;

6 9 2 :  0 n 4 p : = 0 n 4 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 4 p ) ;end;
6 9 3 :
6 9 4 :  if P s t r l [ 5 ] = ' 0 ' then if f 5 p = f a l s e  then begin f 5 p : = t r u e ;  T i m e 2 1 : = T i m e t o s t r ( t i m e ) 

6 9 5 :  t 5 p  : = G l o b a l T i m e ; end; { P e r c h ’2 . 1 }
6 9 6 :  if P s t r l [ 5 ] = ' 1 '  then if f 5 p = t r u e  then begin f 5 p : = f a l s e ;  i n c ( m 2 ) ; A p p e n d ( b ) ;
6 9 7 :  if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 5 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t

t u r n  o f  d a y }
6 9 8 :  W r i t e L n ( b ,  ' 1 ,  ' +  t 5 p t ' ,  ' + t i m e 2 1 + ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 5 p ) ) ) ; C l o s e F i l e ( b ) ;

6 9 9 :  O n 5 p : = 0 n 5 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 5 p ) ; end;
7 0 0 :

7 0 1 :  if P s t r 1 [ 4 ] = ' 0 ' then if f 6 p = f a l s e  then begin f 6 p : = t r u e ;  T i m e 2 2 : = T i m e t o s t r ( t i m e ) 

7  0 2 :  t 6 p : = G l o b a l T i m e ; end; { P e r c h  2 . 2 }
7 0 3 :  if P s t r l [ 4 ] = ' 1 '  then if f 6 p = t r u e  then begin f 6 p : = f a l s e ;  i n c ( m 2 ) ; A p p e n d ( b ) ;

7 0 4 :  if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 6 p ) then { p r e v e n t s  w r i t i n g  t o  f i l e  a t
t u r n  o f  d a y }

7 0 5 :  W r i t e L n ( b ,  ' 2 ,  ' +  t 6 p t ' ,  ' t t i m e 2 2 t ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 6 p ) ) ) ; C l o s e F i l e ( b ) ;

7 0 6 :  0 n 6 p : = O n 6 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 6 p ) ; end;
7 0 7  :

7 0 8 :  if P s t r l [ 3 ] = 1 0 ' then if f 7 p = f a l s e  then begin f 7 p : = t r u e ;  T i m e 2 3 : = T i m e t o s t r ( t i m e ) 

7  0 9 :  t 7 p : = G l o b a l T i m e ; end; { P e r c h  2 . 3 }
7 1 0 :  if P s t r l [ 3 ] = ' l '  then if f 7 p = t r u e  then begin f 7 p : = f a l s e ;  i n c ( m 2 ) ;  A p p e n d ( b ) ;  

7 1 1 :  if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 7 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t
t u r n  o f  d a y }

7 1 2 :  W r i t e L n ( b ,  ' 3 ,  ' +  t 7 p f ,  ' + t i m e 2 3 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 7 p ) ) ) ; C l o s e F i l e ( b ) ;

7 1 3 :  0 n 7 p : = 0 n 7 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 7 p ) ; end;
7 1 4  :

7 1 5 :  if P s t r l [ 2 ] = ' 0 ' then if f 8 p = f a l s e  then begin f 8 p : = t r u e ;  T i m e 2 4 : = T i m e t o s t r ( t i m e ) 

7 1 6 :  t 8 p : = G l o b a l T i m e ; end; { P e r c h  2 . 4 }
7 1 7 :  if P s t r l [ 2 ] = ' 1 '  then if f 8 p = t r u e  then begin f 8 p : = f a l s e ;  i n c ( m 2 ) ;  A p p e n d ( b ) ;  

7 1 8 :  if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 8 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t
t u r n  o f  d a y }

7 1 9 :  W r i t e L n ( b ,  ' 4 ,  ' +  t 8 p + ' ,  ' + t i m e 2 4 + ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 8 p ) ) ) ; C l o s e F i l e ( b ) ;

7  2 0 :  0 n 8 p : = 0 n 8 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 8 p ) ;end;
7 2 1 :
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7 2 2  : 

7 2 3 :  

7 2 4  : 

7 2 5 :

7 2 6 :

7 2 7  :

7 2 8  : 
7 2 9 :

7 3 0 :  
7 3 1 :

7 3 2  :

7 3 3  :

7 3 4  : 

7 3 5 :  

7 3 6 :

7 3 7  :

7 3 8  :

7 3 9  :

7 4 0 :

7 4 1 :  

7 4 2  : 

7 4 3 :

7 4 4  : 
7 4 5 :  

7 4 6 :

7 4 7 :

7 4 8  : 
7 4 9 :  

7 5 0 :

7 5 1 :  

7 5 2 :  

7 5 3 :

7 5 4  :

7 5 5 :

7 5 6 :

7 5 7 :

7 5 8  : 

7 5 9 :  

7 6 0  :

7 6 1 :

7 6 2  : 

7 6 3 :

7 6 4  :

7 6 5  : 

7 6 6 :

7 6 7  :

7 6 8  :

7 6 9 :  

7 7 0 :  
7 7 1 :

772 :

if P s t r 2 [ 9 ] = ' 0 ' then if f 9 p = f a l s e  then begin f 9 p : = t r u e ;  T i m e 3 1 : = T i m e t o s t r ( t i m e ) ;  

t 9 p : = G l o b a l T i m e ; end ; { P e r c h  3 . 1 }
if P s t r 2 [ 9 ] = ' 1 1 then if f 9 p = t r u e  then begin f 9 p : = f a l s e ;  i n c ( m 3 ) ;  A p p e n d ( c ) ;  

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 9 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n  ( c ,  ' 1 ,  ' +  t 9 p t ' ,  I + t i m e 3 1 + ' /
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 9 p ) ) ) ; C l o s e F i l e ( c ) ;

0 n 9 p : = O n 9 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t { 1 9 p ) ; end;

if P s t r 2 [ 8 ] = ' 0 ' then if f l 0 p = f a l s e  then begin f l 0 p : = t r u e ;
T i m e 3 2 : = T i m e t o s t r ( t i m e ) ;  

t  l O p  : = G l o b a l T i m e  ; end ' , { P e r c h  3 . 2 }
if P s t r 2 [ 8 ] = ' 1 '  then if f l 0 p = t r u e  then begin f l 0 p : = f a l s e ;  i n c ( m 3 ) ;  A p p e n d ( c ) ;  

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t l O p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n ( c ,  ' 2 ,  1 +  t l O p f ,  ' t t i m e 3 2 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l O p ) ) ) ; C l o s e F i l e ( c ) ;

O n l O p : = O n l O p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l O p ) ; end;

if P s t r 2 [ 7 ] = ' 0 ' then if f l l p = f a l s e  then begin f l l p : = t r u e ;
T i m e 3 3 : = T i m e t o s t r ( t i m e ) ; 

t l l p : = G l o b a l T i m e ;  end; { P e r c h  3 . 3 }
if P s t r 2 [ 7 ] = ' 1 '  then if f l l p = t r u e  then begin f l l p : = f a l s e ;  i n c ( m 3 ) ;  A p p e n d ( c ) ;  

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t l l p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t
t u r n  o f  d a y }

W r i t e L n ( c ,  ' 3 ,  ' t  t l l p f ,  ' t t i m e 3 3 t ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l l p )  ) )  ; C l o s e F i l e ( c )  ;

O n l l p : = O n l l p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l l p ) ; end;

if P s t r 2 [ 6 ] = ' 0 ' then if f l 2 p = f a l s e  then begin f l 2 p : = t r u e ;

T i m e 3 4 : = T i m e t o s t r ( t i m e ) ;  

t 1 2 p : = G l o b a l T i m e ; end; {P e r c h 3  . 4 }
if P s t r 2 [ 6 ] = ' l '  then if f l 2 p = t r u e  then begin f l 2 p : = f a l s e ;  i n c ( m 3 ) ;  A p p e n d ( c ) ;  

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t l 2 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t
t u r n  o f  d a y }

W r i t e L n ( c ,  ' 4 ,  ' +  t l 2 p + ' ,  ' t t i m e 3 4 t ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 2 p ) ) ) ; C l o s e F i l e ( c ) ;

0 n l 2 p : = O n l 2 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 2 p ) ; end;

if P s t r 2 [ 5 ] = ' 0 ' then if f l 3 p = f a l s e  then begin f l 3 p : = t r u e ;

T i m e 4 1 : = T i m e t o s t r ( t i m e ) ;  

t 1 3 p : = G l o b a l T i m e ; end; { P e r c h  4 . 1 }
if P s t r 2 [ 5 ] = ' l '  then if f l 3 p = t r u e  then begin f l 3 p : = f a l s e ;  i n c ( m 4 ) ;  A p p e n d ( d ) ;

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t l 3 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t
t u r n  o f  d a y }

W r i t e L n ( d ,  ' 1 ,  ' +  t l 3 p + ' ,  ' + t i m e 4 1 + ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 3 p ) ) ) ; C l o s e F i l e ( d ) ;

O n l 3 p : = O n l 3 p L s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 3 p ) ; end;

if P s t r 2 [ 4 ] = ' 0 ' then if f l 4 p = f a l s e  then begin f l 4 p : = t r u e ;
T i m e 4 2 : = T i m e t o s t r ( t i m e ) ;  

t 1 4 p : = G l o b a l T i m e ; end; { P e r c h  4 . 2 }
if P s t r 2 [ 4 ] = ' l '  then if f l 4 p = t r u e  then begin f l 4 p : = f a l s e ;  i n c ( m 4 ) ;  A p p e n d ( d ) ;  

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t l 4 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n ( d ,  ' 2 ,  ' t  t l 4 p t ' ,  ' t t i m e 4 2 t ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 4 p ) ) ) ; C l o s e F i l e ( d ) ;

0 n l 4 p : = O n l 4 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 4 p ) ; end;

if P s t r 2 [ 3 ] = ' 0 ' then if f l 5 p = f a l s e  then begin f l 5 p : = t r u e ;
T i m e 4 3 : = T i m e t o s t r ( t i m e ) ;  

t 1 5 p : = G l o b a l T i m e ; end; { P e r c h  4 . 3 }
if P s t r 2 [ 3 ] = ' l '  then if f l 5 p = t r u e  then begin f l 5 p : = f a l s e ;  i n c ( m 4 ) ; A p p e n d ( d ) ; 

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t l 5 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n ( d ,  ' 3 ,  ' +  t l 5 p + ' ,  ' + t i m e 4 3 + ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 5 p ) ) ) ; C l o s e F i l e ( d ) ;

0 n l 5 p  : = O n l 5 p t s  t r t o f  l o a t  ( g l o b a l  t i m e )  -  s t r t o f l o a t  ( t ' 1 5 p )  ; end;

if P s t r 2 [ 2 ] = ' 0 ' then if f l 6 p = f a l s e  then begin f ! 6 p : = t r u e ;

T i m e 4 4 : = T i m e t o s t r ( t i m e ) ;  

t 1 6 p : = G l o b a l T i m e ; end; { P e r c h  4 . 4 }
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if P s t r 2 [ 2 ] = ' 1 '  then if f l 6 p = t r u e  then begin f l 6 p : = f a l s e ;  i n c ( m 4 ) ; A p p e n d ( d ) ;  
if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t l 6 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  

t u r n  o f  d a y }
W r i t e L n ( d ,  ' 4 ,  1 +  t l 6 p + ' ,  ' + t i m e 4 4 + ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 6 p ) ) ) ; C l o s e F i l e ( d ) ;

0 n l 6 p : = O n l 6 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 6 p ) ;end;

if P s t r 3 [ 9 ] = ' 0 ' then if f l 7 p = f a l s e  then begin f l 7 p : = t r u e ;

T i m e 5 1 : = T i m e t o s t r ( t i m e ) ;

1 1 7 p  : = G l o b a l T i m e ; end ’, {  P e r c h  5 . 1 }
if P s t r 3 [ 9 ] = ' 1 '  then if f l 7 p = t r u e  then begin f l 7 p : = f a l s e ;  i n c ( m 5 ) ;  A p p e n d ( e ) ;  
if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t l 7 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  

t u r n  o f  d a y }
W r i t e L n  ( e ,  ' 1 ,  ' +  t l 7 p  + ' ,  ' + t i m e 5 1 + ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 7 p ) ) ) ; C l o s e F i l e ( e ) ;

0 n l 7 p : = 0 n l 7 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 7 p ) ; end;

if P s t r 3 [ 8 ] = ' 0 ' then if f l 8 p = f a l s e  then begin f l 8 p : = t r u e ;

T i m e 5 2 : = T i m e t o s t r ( t i m e ) ;  

t 1 8 p : = G l o b a l T i m e ; e n d } { P e r c h  5 . 2 }
if P s t r 3 [ 8 ] = ' 1 '  then if f l 8 p = t r u e  then begin f l 8 p : = f a l s e ;  i n c ( m 5 ) ;  A p p e n d ( e )  

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t l 8 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n  ( e , ' 2 ,  ' +  t l 8 p + ' ,  ' + t i m e 5 2 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 8 p ) ) ) ; C l o s e F i l e ( e ) ;

0 n l 8 p : = 0 n l 8 p + s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 8 p ) ; end;

if P s t r 3 [ 7 ] = ' 0 ' then if f l 9 p = f a l s e  then begin f l 9 p : = t r u e ;
T i m e 5 3 : = T i m e t o s t r ( t i m e ) ; 

t 1 9 p : = G l o b a l T i m e ; end; { P e r c h  5 . 3 }
if P s t r 3 [ 7 ] = ' 1 '  then if f l 9 p = t r u e  then begin f l 9 p : = f a l s e ;  i n c ( m 5 ) ;  A p p e n d ( e )  

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t l 9 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n ( e ,  ' 3 ,  ' +  t l 9 p + ' ,  ' + t i m e 5 3 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 9 p ) ) ) ; C l o s e F i l e ( e ) ;

0 n l 9 p : = O n l 9 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t l 9 p ) ; end;

if P s t r 3 [ 6 ] = ' 0 ' then if f 2 0 p = f a l s e  then begin f 2 0 p : = t r u e ;
T i m e 5 4 : = T i m e t o s t r ( t i m e ) ;  

t 2 O p : = G l o b a l T i m e ; end; { P e r c h  5 . 4 }
if P s t r 3 [ 6 ] = ' 1 '  then if f 2 0 p = t r u e  then begin f 2 0 p : = f a l s e ;  i n c ( m 5 ) ;  A p p e n d ( e )  

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 2 0 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n ( e ,  ' 4 ,  ' +  t 2 0 p + ' ,  ' + t i m e 5 4 + ' /
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( 1 2  O p ) ) ) ; C l o s e F i l e ( e ) ;

O n 2  0 p : = O n 2 O p + s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2  0 p ) ;end;

if P s t r 3 [ 5 ] = ' 0 ' then if f 2 1 p = f a l s e  then begin f 2 1 p : = t r u e ;
T i m e 6 1 : = T i m e t o s t r ( t i m e ) ;  

t 2 l p : = G l o b a l T i m e ; end; { P e r c h  6 . 1 }
if P s t r 3 [ 5 ] = ' 1 '  then if f 2 1 p = t r u e  then begin f 2 1 p : = f a l s e ;  i n c ( m 6 ) ;  A p p e n d ( f )

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 2 1 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t
t u r n  o f  d a y }

W r i t e L n ( f ,  ' 1 ,  ' +  t 2 1 p + ' ,  ' + t i m e 6 1 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 1 p ) ) ) ; C l o s e F i l e ( f ) ;

0 n 2 l p : = O n 2 1 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 1 p ) ; end;

if P s t r 3 [ 4 ] = ' 0 ' then if f 2 2 p = f a l s e  then begin f 2 2 p : = t r u e ;

T i m e 6 2 : = T i m e t o s t r ( t i m e ) ; 

t 2 2 p : = G l o b a l T i m e ; end; { P e r c h  6 . 2 }
if P s t r 3 [ 4 ] = ' l '  then if f 2 2 p = t r u e  then begin f 2 2 p : = f a l s e ;  i n c ( m 6 ) ;  A p p e n d ( f )

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 2 2 p ) then { p r e v e n t s  w r i t i n g  t o  f i l e  a t
t u r n  o f  d a y }

W r i t e L n ( f ,  ' 2 ,  ' +  t 2 2 p + ' ,  ' + t i m e 6 2 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 2 p ) ) ) ; C l o s e F i l e ( f ) ;

O n 2 2 p : = O n 2 2 p + s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 2 p ) ; end;

if P s t r 3 [ 3 ] = ' 0 ' then if f 2 3 p = f a l s e  then begin f 2 3 p : = t r u e ;

T i m e 6 3 : = T i m e t o s t r ( t i m e ) ;  

t 2 3 p : = G l o b a l T i m e ;  end; { P e r c h  6 . 3 }
if P s t r 3 [ 3 ] = ' 1 '  then if f 2 3 p = t r u e  then begin f 2 3 p : = f a l s e ;  i n c ( m 6 ) ;  A p p e n d ( f ) ;

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 2 3 p ) then { p r e v e n t s  w r i t i n g  t o  f i l e  a t
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t u r n  o f  d a y }
W r i t e L n ( f , ' 3 ,  1 +  t 2 3 p + ' ,  ' + t i m e 6 3 + ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 3 p ) ) ) ; C l o s e F i l e ( f ) ;

O n 2 3 p : = O n 2 3 p + s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 3 p ) ;end;

if P s t r 3 [ 2 ] = ' 0 ' then if f 2 4 p = f a l s e  then begin f 2 4 p : = t r u e ;

T i m e 6 4 : = T i m e t o s t r ( t i m e ) ;  

t 2  4 p : = G l o b a l T i m e ; end; { P e r c h  6 . 4 }
if P s t r 3 [ 2 ] = ' 1 '  then if f 2 4 p = t r u e  then begin f 2 4 p : = f a l s e ;  i n c ( m 6 ) ;  A p p e n d ( f ) ;  

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 2 4 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n ( f ,  ' 4 ,  ' +  t 2 4 p + ' ,  ' + t i m e 6 4 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 4 p ) ) ) ; C l o s e F i l e ( f ) ;

O n 2  4 p : = O n 2  4 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2  4 p ) ;end;

if P s t r 4 [ 9 ] = ' 0 ' then if f 2 5 p = f a l s e  then begin f 2 5 p : = t r u e ;

T i m e 7 1 : = T i m e t o s t r ( t i m e ) ; 

t 2 5 p : = G l o b a l T i m e ; end ; { P e r c h  7 . 1 }
if P s t r 4 [ 9 ] = ' 1 '  then if f 2 5 p = t r u e  then begin f 2 5 p : = f a l s e ;  i n c ( m 7 ) ;  A p p e n d ( g ) ;  

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 2 5 p ) then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n ( g , ' 1 ,  ' +  t 2 5 p + ' ,  ' + t i m e 7 1 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2  5 p ) ) ) ; C l o s e F i l e ( g ) ;

O n 2 5 p : = O n 2 5 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 5 p ) ;end;

if P s t r 4 [ 8 ] = ' 0 ' then if f 2 6 p = f a l s e  then begin f 2 6 p : = t r u e ;

T i m e 7 2 : = T i m e t o s t r ( t i m e ) ;  

t 2 6 p : = G l o b a l T i m e ;  end } { P e r c h  7 . 2 }
if P s t r 4 [ 8 ] = ' 1 '  then if f 2 6 p = t r u e  then begin f 2 6 p : = f a l s e ;  i n c ( m 7 ) ;  A p p e n d ( g ) ;  
if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 2 6 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  

t u r n  o f  d a y }
W r i t e L n ( g ,  ' 2 ,  ' t  t 2 6 p  + ' ,  ' t t i m e 7 2 t ' /

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2  6 p ) ) ) ; C l o s e F i l e ( g ) ;

O n 2  6 p : = O n 2  6 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 6 p ) ;end;

if P s t r 4 [ 7 ] = ' 0 ' then if f 2 7 p = f a l s e  then begin f 2 7 p : = t r u e ;
T i m e 7 3 : = T i m e t o s t r ( t i m e ) ; 

t 2 7 p : = G l o b a l T i m e ; end; { P e r c h  7 . 3 }
if P s t r 4 [ 7 ] = ' 1 '  then if f 2 7 p = t r u e  then begin f 2 7 p : = f a l s e ;  i n c ( m 7 ) ;  A p p e n d ( g ) ;

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 2 7 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n ( g ,  ' 3 ,  ' +  t 2 7 p + ' ,  ' + t i m e 7 3 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 7 p ) ) ) ; C l o s e F i l e ( g ) ;

O n 2 7 p : = O n 2 7 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 7 p ) ;end;

if P s t r 4 [ 6 ] = ' 0 ' then if f 2 8 p = f a l s e  then begin f 2 8 p : = t r u e ;

T i m e 7 4 : = T i m e t o s t r ( t i m e ) ;  

t 2 8 p : = G l o b a l T i m e ; end; { P e r c h  7 . 4 }
if P s t r 4 [ 6 ] = ' 1 '  then if f 2 8 p = t r u e  then begin f 2 8 p : = f a l s e ;  i n c ( m 7 ) ;  A p p e n d ( g ) ;

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 2 8 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n ( g ,  ' 4 ,  ' +  t 2 8 p + ' ,  ' + t i m e 7 4 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 8 p ) ) ) ; C l o s e F i l e ( g ) ;

O n 2  8 p : = O n 2  8 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2  8 p ) ;end;

if P s t r 4 [ 5 ] = ' 0 ' then if f 2 9 p = f a l s e  then begin f 2 9 p : = t r u e ;

T i m e 8 1 : = T i m e t o s t r ( t i m e ) ;  

t 2  9 p : = G l o b a l T i m e ;  end; { P e r c h  8 . 1 }
if P s t r 4 [ 5 ] = ' l '  then if f 2 9 p = t r u e  then begin f 2 9 p : = f a l s e ;  i n c ( m 8 ) ;  A p p e n d ( h ) ;  

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 2 9 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n ( h ,  ' 1 ,  ' +  t 2 9 p + ' ,  ' + t i m e 8 1 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2 9 p ) ) ) ; C l o s e F i l e ( h ) ;

0 n 2  9 p : = O n 2  9 p  +  s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 2  9 p )  ; end;

if P s t r 4 [ 4 ] = ' 0 ' then if f 3 0 p = f a l s e  then begin f 3 0 p : = t r u e ;

Time82:=Timetostr(time); 
t30p:=GlobalTime; end; {P e r c h  8 . 2 }
if P s t r 4 [ 4 ] = ' 1 1 then if f 3 0 p = t r u e  then begin f 3 0 p : = f a l s e ;  i n c ( m 8 ) ; A p p e n d ( h ) ;  

if s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 3 0 p )  then { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

W r i t e L n ( h ,  ' 2 ,  1 +  t 3 0 p + ' ,  ' + t i m e 8 2 + ' ,
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1 t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 3 0 p ) ) ) ; C l o s e F i l e ( h ) ;

8 7 4 :  O n 3 0 p : = O n 3 0 p + s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 3 0 p ) ; e n d ;

8 7 5 :
8 7 6 :  i f  P s t r 4 [ 3 ] = ' 0 ' t h e n  i f  f 3 1 p = f a l s e  t h e n  b e g i n  f 3 1 p : = t r u e ;

T i m e 8 3 : = T i m e t o s t r ( t i m e ) ;

8 7 7 :  t 3 1 p : = G l o b a l T i m e ; e n d ;  { P e r c h  8 . 3 }
8 7 8 :  i f  P s t r 4 [ 3 ]  =  ' 1 '  t h e n  i f  f 3 1 p = t r u e  t h e n  b e g i n  f 3 1 p : = f a l s e ;  i n c ( m 8 ) ;  A p p e n d ( h ) ;  
8 7 9 :  i f  s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 3 1 p )  t h e n  { p r e v e n t s  w r i t i n g  t o  f i l e  a t  

t u r n  o f  d a y }
8 8 0 :  W r i t e L n ( h ,  ' 3 ,  1 +  t 3 1 p + ' ,  ' + t i m e 8 3 + ' ,

' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 3 1 p ) ) ) ; C l o s e F i l e ( h ) ;

8 8 1 :  0 n 3 1 p : = 0 n 3 1 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 3 1 p ) ; e n d ;

8 8 2  :
8 8 3 :  i f  P s t r 4 [ 2 ] = ' 0 ' t h e n  i f  f 3 2 p = f a l s e  t h e n  b e g i n  f 3 2 p : = t r u e ;

T i m e 8 4 : = T i m e t o s t r ( t i m e ) ;

8 8 4 :  t 3 2 p : = G l o b a l T i m e ; e n d ;  { P e r c h  8 . 4 }
8 8 5 :  i f  P s t r 4 [ 2 ] = ' 1 '  t h e n  i f  f 3 2 p = t r u e  t h e n  b e g i n  f 3 2 p : = f a l s e ;  i n c ( m 8 ) ;  A p p e n d ( h ) ;  

8 8 6 :  i f  s t r t o f l o a t ( g l o b a l t i m e ) > s t r t o f l o a t ( t 3 2 p ) t h e n  { p r e v e n t s  w r i t i n g  t o  f i l e  a t  
t u r n  o f  d a y }

8 8 7 :  W r i t e L n ( h ,  ' 4 ,  ' +  t 3 2 p + ' ,  ' + t i m e 8 4 + ' ,
' t f l o a t t o s t r ( s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 3 2 p ) ) ) ; C l o s e F i l e ( h ) ;

8 8 8 :  O n 3 2 p : = O n 3 2 p t s t r t o f l o a t ( g l o b a l t i m e ) - s t r t o f l o a t ( t 3 2 p ) ; e n d ;

8 8 9 :

8 9 0 :  l a b e l 1 1 . c a p t i o n : =

8 9 1 :  l a b e l l 2 . c a p t i o n : =

8 9 2 :  l a b e l 1 3 . c a p t i o n : =

8 9 3 :  l a b e l l 4 . c a p t i o n : =
8 9 4 :  l a b e l l 5 . c a p t i o n : =

8 9 5 :  l a b e l 1 6 . c a p t i o n : =

8 9 6 :  l a b e l l 7 . c a p t i o n : =
8 9 7 :  l a b e l 1 8 . c a p t i o n : =

8 9 8 :  / / c r e a t e s  s t r i n g s  
8 9 9 :  S t r P e r c h l : = C o n c a t  
9 0 0 :  S t r P e r c h 2 : = C o n c a t  

9 0 1 :  S t r P e r c h 3 : = C o n c a t  

9 0 2 :  S t r P e r c h 4 : = C o n c a t  

9 0 3 :  S t r P e r c h 5 : = C o n c a t  

9 0 4 :  S t r P e r c h 6 : = C o n c a t  
9 0 5 :  S t r P e r c h 7 : = C o n c a t  
9 0 6 :  S t r P e r c h 8 : = C o n c a t  

9 0 7  :
9 0 8 :  i f  P e r c h I n d i c a t o r F l a g = t r u e  t h e n  b e g i n  

9 0 9 :  i f  P s t r l [ 9 ] = ' 0 '  t h e n  f o r m 2 . l a b e l 1 . c o l o r : = c l r e d  e l s e  

f o r m 2 . l a b e l 1 . c o l o r : = c l y e l l o w ;

9 1 0 :  i f  P s t r l [ 8 ] = ' 0 '  t h e n  f o r m 2 . I a b e l 2 . c o l o r : = c l r e d  e l s e  

f o r m 2 . I a b e l 2 . c o l o r : = c l y e l l o w ;

9 1 1 :  i f  P s t r l [ 7 ] = ' 0 '  t h e n  f o r m 2 . I a b e l 3 . c o l o r : = c l r e d  e l s e  

f o r m 2 . I a b e l 3 . c o l o r : = c l y e l l o w ;

9 1 2 :  i f  P s t r l [ 6 ] = ' 0 '  t h e n  f o r m 2 . I a b e l 4 . c o l o r : = c l r e d  e l s e  

f o r m 2 . l a b e l 4 . c o l o r : = c l y e l l o w ;

9 1 3 :  i f  P s t r l [ 5 ] = ' 0 '  t h e n  f o r m 2 . I a b e l 5 . c o l o r : = c l r e d  e l s e  

f o r m 2 . I a b e l 5 . c o l o r : = c l y e l l o w ;

9 1 4 :  i f  P s t r l [ 4 ]  =  ' 0 '  t h e n  f o r m 2 . l a b e l 6 . c o l o r : = c l r e d  e l s e  
f o r m 2 . I a b e l 6 . c o l o r : = c l y e l l o w ;

9 1 5 :  i f  P s t r l [ 3 ] = ' 0 '  t h e n  f o r m 2 . I a b e l 7 . c o l o r : = c l r e d  e l s e  

f o r m 2 . I a b e l 7 . c o l o r : = c l y e l l o w ;

9 1 6 :  i f  P s t r l [ 2 ] = ' 0 '  t h e n  f o r m 2 . I a b e l 8 . c o l o r : = c l r e d  e l s e  

f o r m 2 . l a b e l  8 . c o l o r : = c l y e l l o w ;

9 1 7 :  i f  P s t r 2 [ 9 ] = ' 0 '  t h e n  f o r m 2 . I a b e l 9 . c o l o r : = c l r e d  e l s e  

f o r m 2 . I a b e l 9 . c o l o r : = c l y e l l o w ;

9 1 8 :  i f  P s t r 2 [ 8 ] = ' 0 '  t h e n  f o r m 2 . l a b e l l O . c o l o r : = c l r e d  e l s e  

f  o r m 2  . l a b  e l l O .  c o l o r  : =  c l  y e  H o w ;

9 1 9 :  i f  P s t r 2 [ 7 ] = ' 0 '  t h e n  f o r m 2 . l a b e l l l . c o l o r : = c l r e d  e l s e  

f o r m 2  . l a b e l 1 1 . c o l o r : = c l y e l l o w ;

9 2 0 :  i f  P s t r 2 [ 6 ] = ' 0 '  t h e n  f o r m 2 . l a b e l 1 2 . c o l o r : = c l r e d  e l s e  

f o r m 2 . l a b e l l 2 . c o l o r : = c l y e l l o w ;
9 2 1 :  i f  P s t r 2 [ 5 ] = ' 0 '  t h e n  f o r m 2 . I a b e l l 3 . c o l o r : = c l r e d  e l s e  

f o r m 2 . l a b e l 1 3 . c o l o r : = c l y e l l o w ;

9 2 2 :  i f  P s t r 2 [ 4 ] = ' 0 '  t h e n  f o r m 2 . I a b e l l 4 . c o l o r : = c l r e d  e l s e  

f  o r m 2  . l a b e l  1 4  . c o l o r  : = c l y e H o w ;

9 2 3 :  i f  P s t r 2 [ 3 ] = ' 0 '  t h e n  f o r m 2 . I a b e l l 5 . c o l o r : = c l r e d  e l s e  

f o r m 2 . l a b e l 1 5 . c o l o r : = c l y e l l o w ;

' + P s t r l [ 9 ] t P s t r l L  8 J + P s t r l I / J + P s t r l L  6 J +  

' + P s t r l [ 5 ] + P s t r l [ 4 ] + P s t r l [ 3 ] + P s t r l [ 2 ] + '  

' + P s t r 2 [ 9 ] + P s t r 2 [ 8 ] + P s t r 2 [ 7 ] + P s t r 2 [ 6 ]  +  ' 

' + P s t r 2 [ 5 ] + P s t r 2 [ 4 ] + P s t r 2 [ 3 ] + P s t r 2 [ 2 ] + '  

' + P s t r 3 [ 9 ] + P s t r 3 [ 8 ] + P s t r 3 [ 7 ] + P s t r 3 [ 6 ] + '  

' + P s t r 3 [ 5 ] + P s t r 3 [ 4 ] + P s t r 3 [ 3 ] + P s t r 3 [ 2 ] + '  

' + P s t r 4 [ 9 ] + P s t r 4 [ 8 ] + P s t r 4 [ 7 ] + P s t r 4 [ 6 ] + '  

' + P s t r 4 [ 5 ] + P s t r 4 [ 4 ] + P s t r 4 [ 3 ] + P s t r 4 [ 2 ]  +  ' 

t o  i n d i c a t e  D i s p l a y  P e r c h  S t a t u s  
P s t r l [ 9 ] + P s t r l [ 8 ] + P s t r l [ 7 ] + P s t r l [ 6 ] ) ;  

P s t r l [ 5 ] + P s t r l [ 4 ] + P s t r l [ 3 ] + P s t r l [ 2 ] ) ;  

P s t r 2  [ 9 ]  + P s t r 2  [ 8 ]  + P s t . r 2  [ 7 ]  + P s t r 2  [ 6 ]  ) ; 

P s t r 2 [ 5 ] + P s t r 2 [ 4 ] + P s t r 2 [ 3 ] + P s t r 2  [ 2 ]  ) ; 
P s t r 3 [ 9 ] + P s t r 3 [ 8 ] + P s t r 3 [ 7 ] + P s t r 3 [ 6 ] ) ;  

P s t r 3 [ 5 ] + P s t r 3 [ 4 ] + P s t r 3 [ 3 ] + P s t r 3 [ 2 ] ) ;  

P s t r 4 [ 9 ] + P s t r 4 [ 8 ] + P s t r 4 [ 7 ] + P s t r 4 [ 6 ] ) ;  
P s t r 4 [ 5 ] + P s t r 4 [ 4 ] + P s t r 4 [ 3 ] + P s t r 4  [ 2 ] )  ;
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9 2  4 : 

9 2 5 :  

9 2 6 :

9 2 7  :

9 2 8  : 

9 2 9 :  

9 3 0 :  

9 3 1 :  

9 3 2  : 

9 3 3 :  

9 3 4  : 

9 3 5 :  

9 3 6 :

9 3 7  :

9 3 8

9 3 9

9 4 0

9 4 1

9 4 2

9 4 3

9 4 4
9 4 5

9 4 6
9 4 7

9 4 8

9 4 9

9 5 0
9 5 1

9 5 2

9 5 3

9 5 4

9 5 5

9 5 6

9 5 7

9 5 8

9 5 9

9 6 0
9 6 1

9 6 2

9 6 3

9 6 4

9 6 5

9 6 6

9 6 7

9 6 8

9 6 9

9 7 0
9 7 1

9 7 2

9 7 3

9 7 4

9 7 5

9 7 6
9 7 7

i f  P s t r 2  [ 2 ]  =  ' O '  
f o r m 2 . l a b e l 1 6  

i f  P s t r 3 [ 9 ] = ' 0  
f o r m 2 . l a b e l 1 7  

i f  P s t r 3  [ 8 ]  =  ' 0  
f o r m 2 . l a b e l 1 8  

i f  P s t r 3 [ 7 ] = 1 0  

f o r m 2 . l a b e l 1 9  

i f  P s t r 3 [ 6 ] = ' 0  
f o r m 2 . I a b e l 2  0 

if P s t r 3 [5]=10 
f o r m 2 . I a b e l 2 1 

i f  P s t r 3 [ 4 ] = ' 0  
f o r m 2 . I a b e l 2 2  

i f  P s t r 3 [ 3 ] = ' 0  
f o r m 2 . I a b e l 2  3  

i f  P s t r 3 [ 2 ] = ' 0  

f o r m 2 . I a b e l 2  4 

i f  P s t r 4 [ 9 ] = 1 0 
f o r m 2 . I a b e l 2  5  

i f  P s t r 4 [ 8 ] = 1 0 

f o r m 2 . I a b e l 2  6  

i f  P s t r 4 [ 7 ] = 1 0 

f o r m 2 . I a b e l 2 7  

i f  P s t r 4 [ 6 ] = ' 0  
f o r m 2 . I a b e l 2  8 

i f  P s t r 4 [ 5 ] = ' 0  
f o r m 2 . I a b e l 2  9 

i f  P s t r 4 [ 4 ] = 1 0 
f o r m 2 . I a b e l 3 0  

i f  P s t r 4  [ 3 ]  =  ' 0  
f o r m 2 . I a b e l 3 1  

if P s t r 4 [ 2 ] =' 0  

f o r m 2 . I a b e l 3 2

t h e n  f o r m 2  . l a b e l 1 6 . c o l o r : = c l r e d  e l s e  
c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l l 7 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l l 8 . c o l o r : = c l r e d  e l s e  
c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l l 9 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;
t h e n  f o r m 2 . I a b e l 2 0 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l 2 1 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l 2 2 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l 2 3 . c o l o r : = c l r e d  e l s e  
c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l 2 4 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;
t h e n  f o r m 2 . I a b e l 2 5 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l 2 6 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l 2 7 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l 2 8 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l 2 9 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l 3 0 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l 3 1 . c o l o r : = c l r e d  e l s e  
c o l o r : = c l y e l l o w ;

t h e n  f o r m 2 . I a b e l 3 2 . c o l o r : = c l r e d  e l s e  

c o l o r : = c l y e l l o w ;

end;
/ / t h i s  r e s i d e s  o u t w i t h  p r e v i  

r e g a r d l e s s  
/ / o f  w h e t h e r  o r  n o t  f o r m  2 i  
if Pstr5[9]=10 1 

= ' O'
= • 0 '
= • 0 '
=  • 0 '

= ' 0 '
=  ' O '

P s t r 5 [ 2 ] = ' O '

o u s  s t a t e m e n t  s u c h  t h a t  t h e s e  i n d i c a t o r s  o p e r a t e

if
if
if
if
if
if
if

P s t r  5  

P s  t r 5  

P s  t r 5  
P s t r  5  

P s t r 5  

P s  t r 5

then
then
then
then
then
then
then
then

l a b e l 2  8 

l a b e l . 2 9  

l a b e l  3 0  
l a b e l 3 1  

l a b e l 3 2  
l a b e l 3 3  

l a b e l 3 4  

l a b e l 3 5

s  s h  
. c o l  

. c o l  

. c o l  

. c o  l  

. c o l  

. c o l  

. c o l  

. c o l

OW1
o r : 
o r : 
o r : 

o r : 
o r  : 

o r : 

o r : 
o r :

n g  o r  h i d d e n  
= c l r e d  else 
= c l r e d  else 
= c l r e d  else 
= c l r e d  else 
= c l r e d  else 
= c l r e d  else 
= c l r e d  else 
= c l r e d  else

l a b e l 2  8 . c o l o r  

l a b e l 2  9 . c o l o r  
l a b e l 3 0 . c o l o r  
l a b e l 3 1 . c o l o r  

l a b e l 3 2 . c o l o r  

l a b e l 3 3 . c o l o r  

l a b e l 3 4 . c o l o r  

l a b e l 3 5 . c o l o r

= c l w h i t e  

= c l w h i t e  

= c l w h i t e  
= c l w h i t e  

= c l w h i t e  

= c l w h i t e  

= c l w h i t e  

= c l w h i t e

end;
I * * * * * * * * * * * * *encj  0 f  c o d e  f o r  P e r c h  L o g g e r * * * * * * * * * * * /

i n i t i a t e : = t r u e ; { t o  p r e v e n t  d a y  c h a n g e  c o d e  b e i n g  r e a d  on  s t a r t u p }
D a y y : = d a y o f w e e k ( D a t e ) ; { t o  d e t e c t  c h a n g e  o f  d a y }
end;

p r o c e d u r e  T F o r m l . F o r m C r e a t e ( S e n d e r : T O b j e c t  

b e g i n
l o g p e r i o d D e f i n e r : = 6 0 ;

l a b e l 2 1 . c a p t i o n : =  1 B e g i n  L o g g i n g ?  1 ; 

l a b e l 2 1 , w i d t h : = 1 2 1 ;  

t i m e r 2 . e n a b l e d : = f a l s e  ;

{ f o r  P e r c h  L o g g e r }
l o g p e r i o d : = s t r t o i n t ( e d i t 2  0 . t e x t ) ;

i : = r e g i s t e r B o a r d ( 2 1 4 ,  $ 3 0 0 ,  9 ) ;  

D I O s e t C h a n W i d t h ( i , 0 ,  8 ) ;
D I O s e t C h a n W i d t h ( i , 8 , 8 ) ;
D I O s e t M o d e ( i , 0 ,  0 ,  1 )

0 ,  1 , 1 )

0 ,  2 , 1 )
0 ,  3 ,  1 )

8 , 0 ,  1)

{ r e g i s t e r s  b o a r d }

D I O s e t M o d e ( i , 

D I O s e t M o d e ( i , 

D I O s e t M o d e ( i , 

D I O s e t M o d e ( i ,
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9 7  8 :  { e n d  o f  Form C r e a t e  Commands f o r  P e r c h  L o g g e r }
9 7 9 :  { S t a r t  o f  c o m m a n d s  f o r  B a l a n c e  L o g g e r }
9 8 0 :  l a b e l 9 . c a p t i o n : =  ' S u s p e n d e d  l a b e l 9 . c o l o r : = c l l i m e ; l a b e l  9 . w i d t h : = 1 2 1 ;

9 8 1 :  f o r m l . h e i g h t : = 4 5 5  ;

9 8 2 :  F o r m l . l e f t : = 0 ;
9 8 3 :  f o r m l . t o p : = 0  ;
9 8 4 :  f o r m l . w i d t h  : = 7 2 2  ;

9 8  5 :  e n d ;
9 8 6  :
9 8 7 :  p r o c e d u r e  T F o r m l . C r e a t e C l e a r F i l e s l C l i c k ( S e n d e r : T O b j e c t ) ;

9  8  8 :  b e g i n
9 8 9 :  i f  M e s s a g e D l g ( ' D o  y o u  r e a l l y  w a n t  t o  c l e a r  t h e s e  f i l e s ,  I  m e a n ,  t h e r e  m i g h t  b e  

a l l  s o r t  o f  u s e f u l  d a t a  i n  t h e r e -  y o u  c o u l d  b e  t h r o w i n g  a w a y  y e a r s  o f  h a r d  

w o r k .  I s  t h i s  w h a t  y o u  r e a l l y  w a n t ? 1 ,

9 9 0 :  m t W a r n i n g ,  [ m b Y e s ,  m b N o ] , 0 )  =  m r Y e s  t h e n  b e g i n

9 9 1 :  A s s i g n F i l e ( a , 1 c : \ P e r c h D a t a \ P e r c h l 1 + D d a t e A + ' . t x t 1) ; { c r e a t e s  t e x t  f i l e s }
9 9 2 :  A s s i g n F i l e ( b ,  ' c : \ P e r c h D a t a \ P e r c h 2 ' + D d a t e A + ' . t x t 1 ) ;

9 9 3 :  A s s i g n F i l e ( c ,  ' c : \ P e r c h D a t a \ P e r c h 3 ' + D d a t e A + 1 . t x t ' ) ;

9 9 4 :  A s s i g n F i l e ( d ,  ' c : \ P e r c h D a t a \ P e r c h 4 1 T D d a t e A t 1 . t x t ' ) ;

9 9 5 :  A s s i g n F i l e ( e ,  ' c : \ P e r c h D a t a \ P e r c h 5 ' + D d a t e A + ' . t x t ' ) ;

9 9 6 :  A s s i g n F i l e ( f ,  1 c : \ P e r c h D a t a \ P e r c h 6 ' t D d a t e A t ' . t x t 1 ) ;

9 9 7 :  A s s i g n F i l e ( g ,  ' c : \ P e r c h D a t a \ P e r c h 7 ' + D d a t e A + ' . t x t ' ) ;

9 9 8 :  A s s i g n F i l e ( h ,  1 c : \ P e r c h D a t a \ P e r c h 8 ' T D d a t e A t t x t 1 ) ;

9 9 9 :  A s s i g n F i l e ( P e r c h T B D a t a ,  ' c : \ P e r c h D a t a \ P e r c h T B D a t a ' + D d a t e A + ' . t x t ' ) ;

1 0 0 0 :  R e w r i t e ( a ) ;  R e w r i t e ( b ) ;  R e w r i t e ( c ) ;  R e w r i t e ( d ) ;  R e w r i t e ( e ) ;

1 0 0 1 :  R e w r i t e ( f ) ;  R e w r i t e ( g ) ;  R e w r i t e ( h ) ;  R e w r i t e ( P e r c h T B D a t a ) ;

1 0 0 2  :
1 0 0 3  : A s s i g n F i l e ( F e e d T B D a t a ,  ' c : \ F e e d P e r c h D a t a \ F e e d T B D a t a 1 t D d a t e A t 1 . t x t 1 ) ;

1 0 0 4  :
1 0 0 5 :  A s s i g n F i l e ( F e e d l , 1 c : \ F e e d P e r c h D a t a \ F e e d P e r c h l ' t D d a t e A t 1 . t x t 1 ) ;

1 0 0  6 :  A s s i g n F i l e ( F e e d 2 , ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 2 ' t D d a t e A t 1 . t x t 1 ) ;
1 0 0 7  : A s s i g n F i l e ( F e e d 3 ,  ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 3 ' t D d a t e A t ' . t x t ' ) ;

1 0 0 8 :  A s s i g n F i l e ( F e e d 4 ,  ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 4 ' t D d a t e A t ' . t x t ' ) ;

1 0 0 9 :  A s s i g n F i l e ( F e e d 5 ,  ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 5 ' + D d a t e A + ' . t x t ' ) ;

1 0 1 0 :  A s s i g n F i l e ( F e e d 6 ,  ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 6 ' t D d a t e A t 1 . t x t 1 ) ;

1 0 1 1 :  A s s i g n F i l e ( F e e d 7 , ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 7 ' t D d a t e A t 1 . t x t 1 ) ;

1 0 1 2 :  A s s i g n F i l e ( F e e d 8 ,  ' c : \ F e e d P e r c h D a t a \ F e e d P e r c h 8 ' t D d a t e A t 1 . t x t ' ) ;

1 0 1 3 :
1 0 1 4 :  R e w r i t e ( F e e d l ) ;  R e w r i t e ( F e e d 2 ) ;  R e w r i t e ( F e e d 3 ) ;  R e w r i t e ( F e e d 4 ) ;
1 0 1 5 :  R e w r i t e ( F e e d 5 ) ;  R e w r i t e ( F e e d 6 ) ;  R e w r i t e ( F e e d 7 ) ;  R e w r i t e ( F e e d 8 ) ;

1 0 1 6 :  R e w r i t e ( F e e d T B D a t a ) ;

1 0 1 7  :
1 0 1 8 :  A s s i g n F i l e ( B a l l ,  ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e l ' t D d a t e A t 1 . t x t 1 ) ;

1 0 1 9 :  A s s i g n F i l e ( B a l 2 ,  ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e 2 ' t D d a t e A t ' . t x t 1 ) ;

1 0 2 0 :  A s s i g n F i l e ( B a l 3 ,  ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e 3 ' t D d a t e A t ' . t x t ' ) ;

1 0 2 1 :  A s s i g n F i l e ( B a l 4 ,  ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e 4 1 t D d a t e A t ' . t x t 1 ) ;

1 0 2 2 :  A s s i g n F i l e ( B a l 5 ,  ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e 5 ' + D d a t e A + 1 . t x t ' )  ;

1 0 2 3 :  A s s i g n F i l e ( B a l 6 ,  ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e 6 ' + D d a t e A + 1 . t x t 1 ) ;
1 0 2 4 :  A s s i g n F i l e ( B a l 7 ,  1 c : \ E v e r y B a l a n c e 0 u t p u t \ C a g e 7 1 t D d a t e A t 1 . t x t ' ) ;

1 0 2 5 :  A s s i g n F i l e ( B a l 8 ,  ' c : \ E v e r y B a l a n c e O u t p u t \ C a g e 8 ' + D d a t e A + 1 . t x t ' ) ;

1 0 2 6 :  R e w r i t e ( B a l 1 ) ;  R e w r i t e ( B a l 2 ) ;  R e w r i t e ( B a l 3 ) ;  R e w r i t e ( B a l 4 ) ;

1 0 2 7 :  R e w r i t e ( B a l 5 ) ;  R e w r i t e ( B a l 6 ) ;  R e w r i t e ( B a l 7 ) ;  R e w r i t e ( B a l 8 ) ;

1 0 2 8  :

1 0 2 9 :  C l o s e F i l e ( B a l l ) ;  C l o s e F i l e ( B a l 2 ) ;  C l o s e F i l e ( B a l 3 ) ;  C l o s e F i l e ( B a l 4 ) ;

1 0 3 0 :  C l o s e F i l e ( B a l 5 ) ;  C l o s e F i l e ( B a l 6 )  ; C l o s e F i l e ( B a l 7 ) ; C l o s e F i l e ( B a l 8 ) ;

1 0 3 1 :

1 0 3 2 :  C l o s e F i l e ( a ) ;  C l o s e F i l e ( b ) ;  C l o s e F i l e ( c ) ; C l o s e F i l e ( d ) ;

1 0 3 3 :  C l o s e F i l e ( e ) ;  C l o s e F i l e ( f ) ; C l o s e F i l e ( g ) ;  C l o s e F i l e ( h ) ;

1 0 3 4 :  C l o s e F i l e ( f e e d l ) ;  C l o s e F i l e ( f e e d 2 ) ;  C l o s e F i l e ( f e e d 3 ) ;  C l o s e F i l e ( f e e d 4 ) ;

1 0 3 5 :  C l o s e F i l e ( f e e d 5 ) ;  C l o s e F i l e ( f e e d 6 ) ;  C l o s e F i l e ( f e e d 7 ) ;  C l o s e F i l e ( f e e d 8 ) ;

1 0 3 6 :  C l o s e F i l e ( P e r c h T B D a t a ) ;

1 0 3 7 :  e n d ;

1 0  3 8 :  e n d ;

1 0 3 9  :
1 0 4 0 :  p r o c e d u r e  T F o r m l . E x i t l C l i c k ( S e n d e r : T O b j e c t ) ;

1 0 4 1 :  b e g i n
1 0 4 2 :  i f  M e s s a g e D l g ( 1 H a v e  y o u  t h o u g h t  t h i s  t h r o u g h  f u l l y ? 1 ,

1 0 4 3 :  m t W a r n i n g ,  [ m b Y e s ,  m b N o ] ,  0 )  =  m r Y e s  t h e n

1 0 4 4 :  C l o s e ;

1 0  4 5 :  e n d ;

1 0 4 6 :

1 0 4 7  :
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1 0 4 8  : procedure T F o r m l . T i m e r 2 T i m e r ( S e n d e r :  T O b j e c t ) ;

1 0 4  9 :  begin
1 0 5 0 :  { f l p  t o  f 3 2 p  a r e  t h e  f l a g s  w h i c h  d e n o t e  t h a t  a p e r c h  h a s  b e e n  o c c u p i e d  f r o m  o n e

p e r i o d
1 0 5 1 :  t o  t h e  n e x t .  O n l p  t o  O n 3 2 p  a r e  t h e  t o t a l s  o f  t i m e  s p e n t  on  p e r c h e s .  T h e s e  a r e

c o r r e c t e d  i f
1 0 5 2 :  a b i r d  h a s  s p e n t  a f u l l  p e r i o d  on  a p e r c h  b y  s e t t i n g  t i p  t o  t 3 2 p  t o  G l o b a l T i m e .  

O n P e r c h l  t o
1 0 5 3 :  O n P e r c h 8  a r e  t h e  t o t a l s  p e r  c a g e  f o r  t i m e  s p e n t  on  p e r c h e s .  I t  i s  t h e s e  w h i c h  

a r e  l o g g e d . }
1 0 5 4
1 0 5 5

1 0 5 6

t i m e r 1 . e n a b l e d : - f a l s e  ;

{ l o g g e r f l a g  i s  u n i v e r s a l  f l a g  v a r i a b l e  t o  e n a b l e / d i s a b l e  a l l  l o g g i n g  
o p e r a t i o n s }

1 0 5 7 :  L a b e l 2 1 . c a p t i o n : = ' L o g g i n g  T i m e  B u d g e t  D a t a 1 ;

1 0 5 8 :  l a b e l 2 1 . w i d t h : = 1 2 1 ;
1 0 5 9 :  L a b e l 2 1 . c o l o r : = c l l i m e ;  L o g g i n g C a p t i o n C o u n t e r : = 0 ;
1 0 6 0 :  f * * * * * * * * * * * * * * * *  F o r  P e r c h  L o g g e r * * * * * * * * * * * * * * * * * * * * j
1 0 6 1 :  i f  f l p = t r u e  t h e n  b e g i n  O n l p : = O n l p + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t I p ) 

t i p : = G l o b a l T i m e ;  e n d ;
1 0 6 2 :  i f  f 2 p = t r u e  t h e n  b e g i n  0 n 2 p : = 0 n 2 p + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 2 p ) 

t 2 p : = G l o b a l T i m e ; e n d ;
1 0 6 3 :  i f  f 3 p = t r u e  t h e n  b e g i n  O n 3 p : = O n 3 p + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 3 p ) 

t 3 p : = G l o b a l T i m e ; e n d ;
1 0 6 4 :  i f  f 4 p = t r u e  t h e n  b e g i n  O n 4 p : = 0 n 4 p + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 4 p ) 

t 4 p : = G l o b a l T i m e ;  e n d ;
1 0 6 5 :  i f  f 5 p = t r u e  t h e n  b e g i n  0 n 5 p : = O n 5 p + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 5 p ) 

t 5 p : = G l o b a l T i m e ; e n d ;
1 0 6 6 :  i f  f 6 p = t r u e  t h e n  b e g i n  0 n 6 p : = 0 n 6 p + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 6 p ) 

t 6 p : = G l o b a l T i m e ; e n d ;
1 0 6 7 :  i f  f 7 p = t r u e  t h e n  b e g i n  O n 7 p : = O n 7 p + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 7 p ) 

t 7 p : = G l o b a l T i m e ;  e n d ;
1 0 6 8 :  i f  f 8 p = t r u e  t h e n  b e g i n  O n 8 p : = 0 n 8 p + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 8 p ) 

t 8 p : = G l o b a l T i m e ; e n d ;
1 0 6 9 :  i f  f 9 p = t r u e  t h e n  b e g i n  O n 9 p : = O n 9 p + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 9 p ) 

t 9 p : = G l o b a l T i m e ; e n d ;

1 0 7 0 : if f l 0 p = t r u e  then begin
t l O p : = G l o b a l T i m e ;  end;

O n l O p : = O n l 0 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t t l O p )

1 0 7 1 : if f l l p = t r u e  then begin
t 1 l p : = G l o b a l T i m e ; end;

O n l l p : = O n l l p + s t r t o i n t G l o b a l T i m e - s t r t o i n t t l l p )

1 0 7 2 : if f l 2 p = t r u e  then begin
t 1 2 p : = G l o b a l T i m e ; end;

0 n l 2 p = O n l 2 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t 1 1 2 p )

1 0 7 3 : if f l 3 p = t r u e  then begin
t 1 3 p : = G l o b a l T i m e ; end;

O n l 3 p = O n l 3 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t 1 1 3 p )

1 0 7  4 : if f l 4 p = t r u e  then begin
t l 4 p : = G l o b a l T i m e ;  end;

O n l 4 p = O n l 4 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t t l 4 p )

1 0 7 5 : if f l 5 p = t r u e  then begin
t l 5 p : = G l o b a l T i m e ;  end;

O n l 5 p = O n l 5 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t 1 1 5 p )

1 0 7 6 : if f l 6 p = t r u e  then begin
t l 6 p : = G l o b a l T i m e ;  end;

O n l 6 p = O n l 6 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t t l 6 p )

1 0 7 7 : if f l 7 p = t r u e  then begin
t 1 7 p : = G l o b a l T i m e ; end;

0 n l 7 p = O n l 7 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t 1 1 7 p )

1 0 7  8 : if f l 8 p = t r u e  then begin
t l 8 p : = G l o b a l T i m e ; end;

O n l  8 p = 0 n l 8 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t t l 8 p )

1 0 7  9 : if f l 9 p = t r u e  then begin
t 1 9 p : = G l o b a l T i m e ; end;

O n l  9 p = O n l 9 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t t l 9 p )

1 0 8  0 : if f 2 0 p = t r u e  then begin
t 2 O p : = G l o b a l T i m e ; end;

O n 2  O p = O n 2  0 p  + s t r t o i n t G l o b a l T i m e - s t r t o i n t t 2  O p )

1 0 8  1 : if f 2 1 p = t r u e  then begin
t 2 1 p : = G l o b a l T i m e ;  end;

0 n 2 1 p = 0 n 2 1 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t t 2  l p )

1 0  8 2 : if f 2 2 p = t r u e  then begin
t 2 2 p : = G l o b a l T i m e ;  end;

O n 2 2 p = O n 2 2 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t t 2 2 p )

1 0 8  3 : if f 2 3 p = t r u e  then begin
t 2 3 p : = G l o b a l T i m e ; end;

O n 2 3 p = O n 2 3 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t t 2 3 p )

1 0 8  4 : if f 2 4 p = t r u e  then begin
t 2 4 p : = G l o b a l T i m e ; end;

O n 2 4 p = 0 n 2  4 p  + s t r t o i n t G l o b a l T i m e - s t r t o i n t t 2 4 p )

1 0 8  5 : if f 2 5 p = t r u e  then begin
t 2 5 p : = G l o b a l T i m e ; end;

0 n 2  5 p = O n 2  5 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t t 2 5 p )

1 0 8  6 : if f 2 6 p = t r u e  then begin
t 2 6 p : = G l o b a l T i m e ;  end;

0 n 2  6 p = O n 2  6 p  + s t r t o i n t G l o b a l T i m e - s t r t o i n t t 2 6 p )

1 0 8  7 : if f 2 7 p = t r u e  then begin O n 2 7 p = O n 2 7 p + s t r t o i n t G l o b a l T i m e - s t r t o i n t t 2 7 p )

t 2 7 p : = G l o b a l T i m e ; end;
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1 0 8 8 :  if f 2 8 p = t r u e  then begin 0 n 2 8 p : = 0 n 2 8 p t ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 2 8 p ) ) ;  
t 2 8 p : = G l o b a l T i m e ; end;

1 0 8 9 :  if f 2 9 p = t r u e  then begin O n 2 9 p : = 0 n 2 9 p t ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 2 9 p ) ) ;  

t 2 9 p : = G l o b a l T i m e ; end;
1 0 9 0 :  if f 3 0 p = t r u e  then begin O n 3 0 p : = O n 3 0 p + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 3 O p ) ) ;  

t 3 0 p : = G l o b a l T i m e ; end;
1 0 9 1 :  if f 3 1 p = t r u e  then begin O n 3 l p : = 0 n 3 l p t ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( 1 3 l p ) )  ; 

t 3 1 p : = G l o b a l T i m e ; end;
1 0 9 2 :  if f 3 2 p = t r u e  then begin O n 3 2 p : = O n 3 2 p + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 3 2 p ) ) ;  

t 3 2 p : = G l o b a l T i m e ; end;
1 0 9 3 :  O n P e r c h l : = O n l p + O n 2 p + O n 3 p + O n 4 p ; 0 n P e r c h 2 : = O n 5 p t O n 6 p t O n 7 p t O n 8 p ;

O n P e r c h 3 : = O n 9 p + O n l O p + O n l l p + O n l 2 p ;

1 0 9 4 :  O n P e r c h 4 : = O n l 3 p t O n l 4 p t O n l 5 p t O n l 6 p ; O n P e r c h 5 : = 0 n l 7 p + 0 n l 8 p + 0 n l 9 p + 0 n 2  0 p ;

1 0 9 5 :  O n P e r c h 6 : = O n 2 1 p t O n 2 2 p t O n 2  3 p t O n 2  4 p ;  O n P e r c h 7 : = O n 2  5 p t O n 2  6 p t O n 2 7 p t O n 2  8 p ;
1 0 9 6 :  O n P e r c h 8 : = O n 2  9 p + 0 n 3 0 p + 0 n 3 1 p + 0 n 3 2 p ;
1 0 9 7 :  ^ * * * * * * * * * * * * * * *  * E n d  qE C o d s  f o F  P s  _zr ch. L ocjcjs f  * * * * * * * * * * * * * * * * * * }
1 0 9 8  :

1 0 9 9 :  { T h i s  c h u n k  o f  c o d e  a l l o w s  f o r  b i r d  b e i n g  on  b a l a n c e  p e r c h  o v e r l a p p i n g  t h e  t i m e
i n t e r v a l }

1 1 0 0 :  if f l b = t r u e  then begin O n l b : = O n l b + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t l b ) ) ;  
t l b : = g l o b a l T i m e ; end;

1 1 0 1 :  if f 2 b = t r u e  then begin O n 2 b : = 0 n 2 b t ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 2 b ) ) ;  

t 2 b : = g l o b a l T i m e ; end;
1 1 0 2 :  if f 3 b = t r u e  then begin O n 3 b : = 0 n 3 b + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 3 b ) ) ;  

t 3 b : = g l o b a l T i m e ; end;
1 1 0 3 :  if f 4 b = t r u e  then begin O n 4 b : = O n 4 b + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 4 b ) ) ;  

t 4 b : = g l o b a l T i m e ; end;
1 1 0 4 :  if f 5 b = t r u e  then begin O n 5 b : = O n 5 b + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 5 b ) ) ;  

t 5 b : = g l o b a l T i m e ; end;
1 1 0 5 :  if f 6 b = t r u e  then begin O n 6 b : = 0 n 6 b + ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 6 b ) ) ;  .

t 6 b : = g l o b a l T i m e ;  end;
1 1 0 6 :  if f 7 b = t r u e  then begin 0 n 7 b : = O n 7 b t ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 7 b ) ) ;  

t 7 b : = g l o b a l T i m e ; end;
1 1 0 7 :  if f 8 b = t r u e  then begin 0 n 8 b : = 0 n 8 b t ( s t r t o i n t ( G l o b a l T i m e ) - s t r t o i n t ( t 8 b ) ) ;  

t 8 b : = g l o b a l T i m e ; end;
1 1 0 8  :

1 1 0 9 :  ( * * * * * * * * * * * * * *  * C o d e  f o r  P e r c h  L o g g e r  * * * * * * * * * * * * * * j
1 1 1 0 :  if S t r T o F l o a t ( G l o b a l T i m e ) > S t r t o F l o a t ( T i m e M a r k e r )  then begin
1 1 1 1 :
1 1 1 2 :  if l o g g e r f l a g = t r u e  then begin
1 1 1 3 :  T i m e l n t e r v a l : = s t r t o f l o a t ( G l o b a l T i m e ) - s t r t o f l o a t ( T i m e M a r k e r ) ;
1 1 1 4 :  T i m e M a r k e r : = G l o b a l T i m e ;
1 1 1 5  :

1 1 1 6 :  A p p e n d ( P e r c h T B D a t a ) ;

1 1 1 7 :  W r i t e L n ( P e r c h T B D a t a ,  T i m e t o s t r ( T i m e ) + ' ,  ' t G l o b a l T i m e t ' ,
' t f l o a t t o s t r ( O n P e r c h l ) + ' ,  ' t

1 1 1 8  : F l o a t T o S t r F ( O n P e r c h l / T i m e l n t e r v a l , f f F i x e d ,  5 ,  3 ) t ' , 

G l o b a l T i m e t ' ,  ' t f l o a t t o s t r ( 0 n P e r c h 2 ) t 1 , ' t
' t i n t t o s t r ( m l ) ! ' , ' t

1 1 1 9  : f l o a t t o s t r F ( O n P e r c h 2 / T i m e l n t e r v a l , f f F i x e d ,  5 ,  3 ) t 1 , 

G l o b a l T i m e ! ' ,  ' t f l o a t t o s t r ( 0 n P e r c h 3 ) t 1 , ’ t
' t i n t t o s t r ( m 2 ) t ' , ' t

1 1 2 0 : f l o a t t o s t r F ( O n P e r c h 3 / T i m e l n t e r v a l , f f F i x e d ,  5 , 3 ) ! ' ,  

G l o b a l T i m e ! 1 , ' t f l o a t t o s t r ( O n P e r c h 4 ) t 1 , ' t
' t i n t t o s t r ( m 3 ) t ' , ' t

1 1 2 1 : f l o a t t o s t r F ( O n P e r c h 4 / T i m e I n t e r v a l , f f F i x e d , 5 , 3 ) ! ' ,  

G l o b a l T i m e ! ' ,  ' t f l o a t t o s t r ( 0 n P e r c h 5 ) t ' ,  ' !
' t i n t t o s t r ( m 4 ) t ' , ' t

1 1 2 2  : f l o a t t o s t r F ( O n P e r c h 5 / T i m e l n t e r v a l , f f F i x e d ,  5 ,  3 ) t ' , 

G l o b a l T i m e ! ' ,  ' t f l o a t t o s t r ( 0 n P e r c h 6 ) t ' ,  ' !
' t i n t t o s t r ( m 5 ) t 1 , ' t

1 1 2 3  : f l o a t t o s t r F ( O n P e r c h 6 / T i m e I n t e r v a l , f f F i x e d ,  5 , 3 ) ! ' ,  

G l o b a l T i m e ! ' ,  ' t f l o a t t o s t r ( O n P e r c h 7 ) ! ' ,  ' !
' t i n t t o s t r ( m 6 ) t 1 , ' t

1 1 2 4  : f l o a t t o s t r F ( O n P e r c h 7 / T i m e I n t e r v a l , f f F i x e d , 5 ,  3 ) t ' ,  

G l o b a l T i m e ! ' ,  ' t f l o a t t o s t r ( 0 n P e r c h 8 ) ! ' ,  ' !
' t i n t t o s t r ( m 7 ) t ' , ' t

1 1 2 5  : f l o a t t o s t r F ( O n P e r c h 8 / T i m e l n t e r v a l , f f F i x e d ,  5 , 3 ) ! ' ,  

C l o s e f i l e ( P e r c h T B D a t a ) ;
' t i n t t o s t r ( m 8 ) t ' ' t

1 1 2 6 :  { * * * * * * * * *  C o d e  f o r  b a l a n c e  l o g g e r  f u n c t i o n * * * * * * * * * * }
1 1 2 7 :  A p p e n d ( F e e d T B D a t a ) ;  W r i t e L n ( F e e d T B D a t a ,  T i m e T o s t r ( T i m e ) t ' ,  ' t
1 1 2 8 :  g l o b a l t i m e t ' ,  1 t f l o a t t o s t r ( O n l b ) t ' ,

' t f l o a t t o s t r F ( O n l b / T i m e l n t e r v a l , f f F i x e d ,  5 , 3 ) ! ' , ' t i n t t o s t r ( m b l ) t ' ' t
g l o b a l t i m e t ' ,  ' t f l o a t t o s t r ( O n 2 b ) t ' ,

' t f l o a t t o s t r F ( O n 2 b / T i m e I n t e r v a l , f f F i x e d , 5 , 3 )  t 1 , ' t i n t t o s t r ( m b 2 ) t ' ' t
g l o b a l t i m e t ' ,  ' t f l o a t t o s t r ( 0 n 3 b ) t ' ,

' t f l o a t t o s t r F ( 0 n 3 b / T i m e I n t e r v a l , f f F i x e d ,  5 , 3 ) t \ ' t i n t t o s t r ( m b 3 ) t ' ' t
g l o b a l t i m e t ' ,  ' t f l o a t t o s t r ( 0 n 4 b ) t ' ,

' t f l o a t t o s t r F ( O n 4  b / T i m e I n t e r v a l , f f F i x e d ,  5 , 3 )  t ' , ’ t i n t t o s t r ( m b 4 ) t ' ' t
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1 1 3 2  :

1 1 3 3  :

1 1 3 4  :

1 1 3 5  :

1 1 3 6 :
1 1 3 7  :

1 1 3 8  : 
1 1 3 9 :  

1 1 4 0 :  
1 1 4 1 :  

1 1 4 2 :

1 1 4 3 :

1 1 4 4
1 1 4 5

1 1 4 6

1 1 4 7

1 1 4 8

1 1 4 9

1 1 5 0

1 1 5 1

1 1 5 2

1 1 5 3

1 1 5 4

1 1 5 5

1 1 5 6

1 1 5 7

1 1 5 8
1 1 5 9

1 1 6 0  
1 1 6 1  

1 1 6 2

1 1 6 3

1 1 6 4
1 1 6 5
1 1 6 6

1 1 6 7

1 1 6 8

1 1 6 9

1 1 7 0  
1 1 7  1

1 1 7 2

1 1 7 3

1 1 7 4

1 1 7 5 :

1 1 7  6 

1 1 7 7  

1 1 7  8

1 1 7  9

1 1 8  0 
1 1 8  1 

1 1 8 2  

1 1 8 3  

1 1 8  4

1 1 8 5

1 1 8 6  

1 1 8 7  

1 1 8 : 8

1 1 8  9 

1 1 9 0
1 1 9  1

1192
1 1 9 3  
119-4 
1195

g l o b a l t i m e t ' t f l o a t t o s t r ( O n 5 b ) t ' ,

' t f l o a t t o s t r F ( O n 5 b / T i m e l n t e r v a l , f f F i x e d ,  5 ,  3 )  t ' , ' t i n t t o s t r ( m b 5 ) t ' , ' t
g l o b a l t i m e t ' ,  ' t f l o a t t o s t r ( O n 6 b ) t ' ,

' t f l o a t t o s t r F ( O n 6 b / T i m e I n t e r v a l , f f F i x e d , 5 , 3 ) t ' , ' t i n t t o s t r ( m b 6 ) t ' , ' t

g l o b a l t i m e t ' ,  ' t f l o a t t o s t r ( O n 7 b ) t 1 ,

' t f l o a t t o s t r F ( O n 7 b / T i m e l n t e r v a l , f f F i x e d , 5 , 3 ) t ' , ' t i n t t o s t r ( m b 7 ) t ' , ' t

g l o b a l t i m e t ' ,  ' t f l o a t t o s t r  ( O n 8 b ) t ' ,
' t f l o a t t o s t r F ( O n 8 b / T i m e I n t e r v a l , f f F i x e d , 5 , 3 ) t ' , ' t i n t t o s t r ( m b 8 ) t ' , ' t ' •k

c l o s e f i l e ( F e e d T B D a t a ) ;
I Qf  coci e  f o r  b a l a n c e  l o g g e r  f  u n c t i o n * * * * * * * * * * * * }

e n d ;

e n d ;
{ o f  ' i f  l o g g e r f l a g = t r u e  e x c e p t i o n }

O n l p : = 0 ; 0 n 2 p : = 0 ;  O n 3 p : = 0 ;  O n 4 p : = 0 ;  O n 5 p : = 0 ;  O n 6 p : = 0 ;  O n 7 p : = 0 ;  O n 8 p : = 0 ;

O n 9 p : = 0 ;  O n l O p : = 0 ;  O n l l p : = 0 ;  O n l 2 p : = 0 ;  O n l 3 p : = 0 ;  O n l 4 p : = 0 ;  O n l 5 p : = 0 ;  O n l 6 p : = 0 ;  

O n l 7 p : = 0 ;
O n l 8 p : = 0 ;  O n l 9 p : = 0 ;  O n 2 0 p : = 0 ;  O n 2 1 p : = 0 ;  O n 2 2 p : = 0 ;  O n 2 3 p : = 0 ;  O n 2 4 p : = 0 ;  O n 2 5 p : = 0 ;  

O n 2  6 p : = 0 ;
O n 2 7 p : = 0 ;  O n 2 8 p : = 0 ;  O n 2 9 p : = 0 ;  O n 3 0 p : = 0 ;  O n 3 1 p : = 0 ;  O n 3 2 p : = 0 ;  
m l : = 0 ;  m 2 : = 0 ;  m 3 : = 0 ;  m 4 : = 0 ;  m 5 : = 0 ;  m 6 : = 0 ;  m 7 : = 0 ;  m 8 : = 0 ;  

m b l : = 0 ;  m b 2 : = 0 ;  m b 3 : = 0 ;  m b 4 : = 0 ;  m b 5 : = 0 ;  m b 6 : = 0 ;  m b 7 : = 0 ;  m b 8 : = 0 ;

O n l b : = 0 ; O n 2 b : = 0 ;  O n 3 b : = 0 ;  O n 4 b : = 0 ;  O n 5 b : = 0 ;  O n 6 b : = 0 ;  O n 7 b : = 0 ;  O n 8 b : = 0 ;  

T i m e M a r k e r : = G l o b a l t i m e ; 

t i m e r l . e n a b l e d : = t r u e ;

end;

O n P e r c h 8 : = 0 ;

Procedure T f o r m l . B t n S u s p e n d C l i c k ( s e n d e r : T o b j e c t ) ; 

begin
if t o g g l e = F a l s e  then begin t o g g l e : = t r u e ; i n i t i a l i s e : = f a l s e ; 

l o g g e r F l a g : = t r u e ; l o g g e r f l a g a d d i t i o n a l : = t r u e ; t i m e r 2 . e n a b l e d : =  t r u e ;

T i m e r 2 . i n t e r v a l : = S t r t o i n t ( E d i t 2  0 . t e x t ) *  1 0 0  0 * L o g P e r i o d D e f i n e r ;
T i m e M a r k e r : = G l o b a l T i m e ; L a b e l  9 . c a p t i o n : =  1 L o g g i n g  ' ;  

l a b e l 9 . c o l o r : = c l l i m e ; l a b e l 9 . w i d t h : = 1 2 1 ;
O n P e r c h l : = 0 ;  O n P e r c h 2 : = 0 ;

O n P e r c h 3 : = 0 ;  O n P e r c h 4 : = 0 ;  O n P e r c h 5 : = 0 ;  O n P e r c h 6 : = 0 ;  O n P e r c h 7 : = 0  
m l : = 0 ;  m 2 : = 0 ;  m 3 : = 0 ;  m 4 : = 0 ;  m 5 : = 0 ;  m 6 : = 0 ;  m 7 : = 0 ;  m 8 : = 0 ;  

r n b l : = 0 ;  m b 2 : = 0 ;  m b 3 : = 0 ;  m b 4 : = 0 ;  m b 5 : = 0 ;  m b 6 : = 0 ;  m b 7 : = 0 ;  m b 8 : = 0 ;
O n l b : = 0 ; 0 n 2 b : = 0 ;  O n 3 b : = 0 ;  O n 4 b : = 0 ;  O n 5 b : = 0 ;  O n 6 b : = 0 ;  O n 7 b : = 0 ;  O n 8 b : = 0 ;  

t I p : = G l o b a l T i m e ; t 2 p : = G l o b a l T i m e ; t 3 p : = G l o b a l T i m e ; t 4 p : = G l o b a l T i m e ; 

t 5 p : = G l o b a l T i m e ; t 6 p : = G l o b a l T i m e ; t 7 p : = G l o b a l T i m e ; t 8 p : = G l o b a l T i m e ;

1 9 p : 

t l 3 p :
1 1 7 p : 

t 2  I p : 

t 2  5 p : 

t 2  9 p :

t 1 : = G l o b a l T i m e ; t 2 : = G l o b a l T i m e ; t 3 : = G l o b a l T i m e ; t 4 : = G l o b a l T i m e ; 

t 5 : = G l o b a l T i m e ; t 6 : = G l o b a l T i m e ; t 7 : = G l o b a l T i m e ; t 8 : = G l o b a l T i m e ;

T i m e M a r k e r : = G l o b a l t i m e ; end 
else if t o g g l e = t r u e  then begin t o g g l e : = f a l s e ; l o g g e r F l a g : = f a l s e ;

l o g g e r f l a g a d d i t i o n a l : = f a l s e  ; 

l a b e l 9 . c a p t i o n : =  1 S u s p e n d e d  L a b e l 9 . c o l o r : = c l r e d ;  l a b e l  9 . w i d t h : = 1 2 1 ;
l a b e l 2 1 . c o l o r : = c l G r a y ;  

t i m e r 2 . e n a b l e d : = f a l s e ; end; 
end;

= G l o b a l T i m e ; t l O p :== G l o b a l T i m e ; t l l p :=^ G l o b a l T i m e ; t 1 2 p :=- G l o b a l T i m e ;

= G l o b a l T i m e 1 1 4 p = G l o b a l T i m e 1 1 5 p = G l o b a l T i m e ; t l 6 p = G l o b a l T i m e

= G l o b a l T i m e 1 1 8 p = G l o b a l T i m e 1 1 9 p = G l o b a l T i m e ; t 2  O p - G l o b a l T i m e  ;

= G l o b a l T i m e t 2 2 p = G l o b a l T i m e t 2  3 p = G l o b a l T i m e ; t 2 4 p = G l o b a l T i m e

= G l o b a l T i m e t 2  6 p = G l o b a l T i m e t 2 7 p = G l o b a l T i m e ; t 2  8 p - G l o b a l T i m e
= G l o b a l T i m e t 3 0 p = G l o b a l T i m e t 3 1 p = G l o b a l T i m e ; t 3 2 p - G l o b a l T i m e ;

procedure T F o r m l . U p D o w n 2 C l i c k ( S e n d e r : T O b j e c t ;  B u t t o n :  T U D B t n T y p e ) ;  

begin
L o g P e r i o d : = S t r t o i n t  ( E d i t 2  0 . t e x t ) ; 

end;

procedure T F o r m l . A b o u t l C l i c k ( S e n d e r : T O b j e c t ) ;  

begin
a b o u t b o x . s h o w ;  

end;

procedure T F o r m l . M i n s C l i c k ( S e n d e r : T O b j e c t ) ;  

begin
l a b e l 2 3 . c a p t i o n : = 1 M i n u t e s  ' ;
M i n s . c h e c k e d : = t r u e ; 

s e c s . c h e c k e d : = f a l s e ;
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1 1 9 6 :  L o g P e r i o d D e f i n e r : = 6 0 ;
1 1 9 7 :  T i m e r 2 . i n t e r v a l : = S t r t o i n t ( E d i t 2  0 . t e x t ) * 1 0 0 0 * L o g P e r i o d D e f i n e r ;

1 1 9  8 :  e n d ;
1 1 9 9  :
1 2 0 0 :  p r o c e d u r e  T F o r m l . S e c s C l i c k ( S e n d e r : T O b j e c t ) ;

1 2  0 1 :  b e g i n
1 2 0 2 :  l a b e l 2 3 . c a p t i o n : = 1 S e c o n d s  ' ;
1 2 0 3 :  S e c s . c h e c k e d : = t r u e ;

1 2 0 4 :  M i n s . c h e c k e d : = f a l s e ;
1 2 0 5 :  L o g P e r i o d D e f i n e r : = 1 ;
1 2 0 6 :  T i m e r 2 . i n t e r v a l : = S t r t o i n t ( E d i t 2  0 . t e x t ) * 1 0 0 0 * L o g P e r i o d D e f i n e r ;

1 2  0 7 :  e n d ;
1 2 0 8  :
1 2 0 9 :  p r o c e d u r e  T F o r m l . E x i t 2 C l i c k ( S e n d e r : T O b j e c t ) ;

1 2 1 0 :  b e g i n
1 2 1 1 :  i f  M e s s a g e D l g ( ' A r e  y o u  s u r e  y o u  w a n t  t o  e x i t ? ' ,

1 2 1 2 :  m t W a r n i n g ,  [ m b Y e s ,  m b N o ] ,  0 )  =  m r Y e s  t h e n

1 2 1 3 :  C l o s e ;

1 2 1 4 :  e n d ;
1 2 1 5  :

1 2 1 6 :  p r o c e d u r e  T F o r m l . M e n u H i n t C l i c k ( S e n d e r : T O b j e c t ) ;

1 2 1 7 :  b e g i n
1 2 1 8 :  i f  M e n u H i n t . C h e c k e d = f a l s e  t h e n  b e g i n  
1 2 1 9 :  M e n u H i n t . c h e c k e d : = t r u e ;

1 2 2 0 :  F o r m l . S h o w H i n t : = t r u e ;

1 2 2 1 :  e n d

1 2 2 2 :  e l s e  i f  M e n u H i n t . C h e c k e d = t r u e  t h e n  b e g i n  

1 2 2 3 :  M e n u H i n t . c h e c k e d : = F a l s e ;

1 2 2 4 :  F o r m l . S h o w H i n t : = F a l s e ;

1 2 2  5 :  e n d ;

1 2 2  6 :  e n d ;
1 2 2 7  :
1 2 2 8 :  p r o c e d u r e  T F o r m l . S h o w P e r c h l n d i c a t o r s l C l i c k ( S e n d e r : T O b j e c t ) ;

1 2 2 9  : b e g i n
1 2 3 0 :  i f  t o g g l e F l a g = f a l s e  t h e n  b e g i n  

1 2 3 1 :  F o r m 2 . s h o w ;
1 2 3 2 :  P e r c h l n d i c a t o r F l a g : = t r u e ;

1 2 3 3 :  S h o w P e r c h l n d i c a t o r s 1 . c a p t i o n : = ' H i d e  P e r c h  I n d i c a t o r s ' ;

1 2  3  4 :  e n d ;

1 2 3 5 :  i f  t o g g l e F l a g = t r u e  t h e n  

1 2 3 6 :  b e g i n
1 2 3 7 :  S h o w P e r c h l n d i c a t o r s 1 . c a p t i o n : = ' S h o w  P e r c h  I n d i c a t o r s ' ;

1 2 3  8 :  P e r c h l n d i c a t o r F l a g : = f a l s e ;
1 2 3 9 :  F o r m 2 . h i d e ;

1 2 4  0 :  e n d ;
1 2 4 1 :  i f  t o g g l e F l a g = t r u e  t h e n  t o g g l e F l a g : = f a l s e  e l s e  t o g g l e F l a g : = t r u e ;

1 2  4 2 :  e n d ;
1 2 4 3 :

1 2 4 4 :  i n i t i a l i z a t i o n
1 2 4 5 :

1 2 4 6 :  v a l u e B i r d O n O f f : = 2 ;

1 2 4 7 :  P e x t l : = 0 ;  P e x t 2 : = 0 ;  P e x t 3 : = 0 ;  P e x t 4 : = 0 ;  P e x t 5 : = 0 ;  P e x t 6 : = 0 ;  P e x t 7 : = 0 ;  P e x t 8 : = 0 ;  

1 2 4 8 :  P e x t l a : = 0 ;  P e x t 2 a : = 0 ;  P e x t 3 a : = 0 ;  P e x t 4 a : = 0 ;  P e x t 5 a : = 0 ;  P e x t 6 a : = 0 ;  P e x t 7 a : = 0 ;  

P e x t 8 a : = 0 ;

1 2 4  9 :  C o u n t l : = 0 ;  C o u n t 2 : = 0 ;  C o u n t 3 : = 0 ;  C o u n t 4 : = 0 ;

1 2 5 0 :  C o u n t 5 : = 0 ;  C o u n t 6 : = 0 ;  C o u n t 7 : = 0 ;  C o u n t 8 : = 0 ;

1 2 5 1 :  T a r e l : = 0 ;  T a r e 2 : = 0 ;  T a r e 3 : = 0 ;  T a r e 4 : = 0 ;

1 2 5 2 :  T a r e 5 : = 0 ;  T a r e 6 : = 0 ;  T a r e 7 : = 0 ;  T a r e 8 : = 0 ;

1 2 5 3 :  e n d .



A p p e n d i x  2

Full listing of programming code (in Delphi/ Object Pascal) for the FileParse 

program described in Chapter 2.



1
2
3

4

5
6
7

8
9

10
11
12
1 3
1 4

1 5
1 6
1 7

1 8

1 9
20
21
22
2 3

2 4

2 5

2 6

2 7

2 8

2 9

3 0
3 1

3 2
3 3

3 4

3 5
3 6
3 7
3 8

3 9

4 0
4 1

4 2

4 3
4 4

4 5

4 6

4 7

4 8

4 9

5 0
5 1

5 2

5 3

5 4

5 5

5 6

5 7

5 8

5 9

6 0
61
6 2
6 3

6 4
6 5

66
6 7

68
6 9
7 0

7 1

7 2

7 3

u n i t  ModUnit;

interface

uses
W i n d o w s ,  M e s s a g e s ,  S y s U t i l s ,  C l a s s e s ,  G r a p h i c s ,  C o n t r o l s ,  F o r m s ,  D i a l o g s ,  
S t d C t r l s ,  C o m C t r l s ,  I n i f i l e s ,  F i l e C t r l ,  W i n T y p e s ,  E x t C t r l s ,  M e n u s ,  G a u g e s ,  

m a t h ;

type
T F o r m l  =  class ( T F o r m )

L a b e l l :  T L a b e l ;

F i l e E d i t 1 :  T E d i t ;

D r i v e C o m b o B o x l : T D r i v e C o m b o B o x ;
D i r e c t o r y L i s t B o x l : T D i r e c t o r y L i s t B o x ;

F i l e L i s t B o x l : T F i l e L i s t B o x ;
E d i t 5 : T E d i t ;

P a n e l l :  T P a n e l ;

E d i t 6 :  T E d i t ;

E d i t 7 : T E d i t ;
L a b e l 6 :  T L a b e l ;
E d i t 8 :  T E d i t ;

L a b e l 7 : T L a b e l ;

P a n e l 2 :  T P a n e l ;

E d i t 4 : T E d i t ;

B u t t o n C o m b i n e F i l e s : T B u t t o n ;

L a b e l S : T L a b e l ;

P a n e l 3 :  T P a n e l ;

L a b e l 3 :  T L a b e l ;

E d i t 3 :  T E d i t ;

L a b e l 4 :  T L a b e l ;

B u t t o n 4 : T B u t t o n ;
P a n e l 4 : T P a n e l ;
E d i t 2 : T E d i t ;
U p D o w n 2 : T U p D o w n ;
E d i t 1 :  T E d i t ;

U p D o w n l :  T U p D o w n ;
B t n S e t T i m e :  T B u t t o n ;

B t n S e t u p T i m e s : T B u t t o n ;

L a b e l 2 :  T L a b e l ;
L a b e l 8 :  T L a b e l ;

P a n e l 5 :  T P a n e l ;

T r a n s f o r m P e r c h d a t a : T B u t t o n ;

B u t t o n A w a r d P e r c h S c o r e : T B u t t o n ;
B u t t o n 6 :  T B u t t o n ;
B u t t o n 7 : T B u t t o n ;

H o p s  P e r P e r c h B u t t o n : T B u t t o n ;

P a n e l 6 :  T P a n e l ;

B t n T r a n s f o r m F i l e : T B u t t o n ;

B t n M a s s G a i n P e r l n t : T B u t t o n ;

B t n B a l d a t a :  T B u t t o n ;

B t n C o r r e c t D r i f t : T B u t t o n ;

B t n C o r r e c t E r r a n t M a s s F i l e s : T B u t t o n ;
R a t e O f M a s s G a i n B u t t o n : T B u t t o n ;

E d i t R e s u l t s :  T E d i t ;

L a b e l 9 :  T L a b e l ;

L a b e l l O :  T L a b e l ;

E d i t T o t a l :  T E d i t ;

B u t t o n l :  T B u t t o n ;

B u t t o n 2 : T B u t t o n ;

B u t t o n 3 :  T B u t t o n ;

B u t t o n 5 :  T B u t t o n ;

B u t t o n 8 :  T B u t t o n ;

B u t t o n 9 :  T B u t t o n ;

P a r s e T e m p e r a t u r e F i l e : T B u t t o n ;

B u t t o n l O :  T B u t t o n ;

E d i t  9 :  T E d i t ;

E d i  1 1 0 :  T E d i t ;

B u t t o n l l :  T B u t t o n ;

B t n M e a n H o p G a p : T B u t t o n ;
B u t t o n l 2 :  T B u t t o n ;

procedure B t n S e t T i m e C l i c k ( S e n d e r : T O b j e c t ) ;

procedure U p D o w n 2 C l i c k ( S e n d e r : T O b j e c t ;  B u t t o n :  T U D B t n T y p e ) ;  

procedure F o r m C r e a t e ( S e n d e r : T O b j e c t ) ;



7 4  :
7 5 :

7 6 :
7 7  :

7 8 :
7 9 :

8 0  :
8 1 :

8 2  :
8 3  :

8 4  :
8 5 :
8 6 :
8 7  :

88  :
8 9  :

9 0 :
9 1 :

9 2  :
9 3 :

9 4  :
9 5 :

9 6 :

9 7  :

9 8  :

9 9 :

1 0 0 :
1 0 1 :
102  :
1 0 3 :

1 0 4  :
1 0 5 :

1 0 6 :
1 0 7  :

1 0 8  :
1 0 9  :

1 1 0 :
1 1 1 :
112  :
1 1 3 :
1 1 4  :

1 1 5 :

1 1 6 :

1 1 7  :

1 1 8 :
1 1 9 :

1 2 0 :

1 2 1 :
122 :
1 2 3  :

1 2 4  :

1 2 5 :
1 2 6 :

1 2 7  :

1 2 8  :

1 2 9 :

1 3 0 :
' 1 3 1 :

1 3 2  :

1 3 3 :

1 3 4  :

1 3 5

1 3 6
1 3 7

1 3 8
1 3 9

1 4 0

1 4 1

1 4 2

p r o c e d u r e  B t n S e t u p T i m e s C l i c k ( S e n d e r : T O b j e c t ) ;  

p r o c e d u r e  B t n T r a n s f o r m F i l e C l i c k ( S e n d e r : T O b j e c t ) ;  

p r o c e d u r e  A b o u t l C l i c k ( S e n d e r : T O b j e c t ) ;
p r o c e d u r e  T r a n s f o r m P e r c h d a t a C l i c k ( S e n d e r : T O b j e c t ) ;
p r o c e d u r e  R a t e O f M a s s G a i n B u t t o n C l i c k ( S e n d e r : T O b j e c t ) ;  

p r o c e d u r e  B t n B a l d a t a C l i c k ( S e n d e r : T O b j e c t ) ;
p r o c e d u r e  B t n C o r r e c t E r r a n t M a s s F i l e s C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B t n C o r r e c t D r i f t C l i c k ( S e n d e r : T O b j e c t ) ;
p r o c e d u r e  B u t t o n C o m b i n e F i l e s C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B u t t o n A w a r d P e r c h S c o r e C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B t n M a s s G a i n P e r l n t C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B u t t o n 4 C l i c k ( S e n d e r : T O b j e c t ) ;
p r o c e d u r e  B u t t o n 5 C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B u t t o n 6 C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B u t t o n 7 C l i c k ( S e n d e r : T O b j e c t ) ;
p r o c e d u r e  H o p s P e r P e r c h B u t t o n C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  U p D o w n l C l i c k ( S e n d e r : T O b j e c t ;  B u t t o n :  T U D B t n T y p e ) ;

p r o c e d u r e  B u t t o n l C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B u t t o n 2 C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B u t t o n 3 C l i c k ( S e n d e r : T O b j e c t ) ;
p r o c e d u r e  B u t t o n 8 C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B u t t o n 9 C l i c k  ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B u t t o n l O C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  P a r s e T e m p e r a t u r e F i l e C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B u t t o n l l C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B t n M e a n H o p G a p C l i c k ( S e n d e r : T O b j e c t ) ;

p r o c e d u r e  B u t t o n l 2 C l i c k ( S e n d e r : T O b j e c t ) ;

p r i v a t e

{ P r i v a t e  d e c l a r a t i o n s  } 
p u b l i c

{ P u b l i c  d e c l a r a t i o n s  } 
e n d ;

v a r  I n t T i m e ,  T i m e ,  T i m e A : l o n g i n t ;

C o m m a c o u n t : i n t e g e r ; P o s i t i o n B i r d ,  R e p e a t s ,  r e a l T i m e ,  h o u r O f D a y  

: s t r i n g ;  C o m m a G a p A ,  C o m m a G a p B ,  C o m m a G a p C ,  

m k 3 ,  m k 4 : i n t e g e r ;

F o r m l :  T F o r m l ;
T i m e s i n i :  T i n i f i l e ;
i n t e r v a l M i n u t e s , h o u r s ,  m i n u t e s : i n t e g e r ;
i n t e r v a l s ,  t o t a l P e r c h M o v e m e n t s , c o u n t ,  R e p e a t s l n t ,  C a g e N u m b e r : i n t e g e r ; 

M a s s S t r ,  H o u r O f D a y S t r , h o u r S t r ,  m i n S t r ,  S t r A : s t r i n g ;  

r e s u l t s ,  f ,  T i m e s ,  t e m p F i l e :  t e x t f i l e ;

t o t a l ,  k ,  s t r L e n g t h ,  m k 2 ,  C o m m a G a p ,  d l ,  d 2 , d 3 ,  d 4 ,  d 5 ,  I n t e r v a l C o u n t e r , 

s t a r t ,  e n d d ,  T i m e l ,  T i m e 2 ,  T i m e 3 ,  T i m e 4 ,  T i m e 5 ,  T i m e 6 ,  T i m e 7 ,  T i m e 8 ,  T i m e 9 ,  

T i m e 1 0 : i n t e g e r ;

F l a g ,  I n t e r v a l C h e c k , P e r c h F l a g ,  N e w B i r d M a s s F l a g ,  I n S e c o n d s ,  S e c o n d s F l a g ,  

i n i t i a l i s e ,

F i n i s h e d  : B o o l e a n ;
M a s s ,  A v e r a g e M a s s ,  T o t a l M a s s ,  A v e C o u n t e r ,

M a s s l ,  M a s s 2 ,  M a s s 3 ,  M a s s 4 ,  M a s s 5 ,  M a s s 6 ,  M a s s 7 ,  M a s s 8 ,  M a s s 9 ,  M a s s l O ,  

d i f f e r e n c e ,

T a r e V a l u e ,  B i r d M a s s ,  P r e v i o u s B i r d M a s s , H o u r O f D a y E x t : e x t e n d e d ;

s t r ,  t i m e s t r , P r e v i o u s M a s s S t r , P r e v i o u s A v e r a g e , P r e v i o u s R e a l T i m e : s t r i n g ;

S t r i n g L e n g t h ,  i ,  m k l ,  P r e v i o u s T i m e , I n t e r v a l T i m e C h e c k : i n t e g e r ;
P r e v i o u s M a s s ,  D e l t a M a s s ,  R a t e O f M a s s C h a n g e ,  D e l t a T i m e : e x t e n d e d ;

M e a n M a s s ,  T o t a l R e p e a t s , r e p e a t s E x t ,  M a s s E x t ,  S t a r t i n g M a s s ,

E n d i n g M a s s : e x t e n d e d ;

j ,  S t a r t t t : i n t e g e r ; P e r c h I D ,  P r e v i o u s P e r c h I D ,  D u r a t i o n  : s t r i n g ;  
C o m m a F l a g ,  H o p G a p : l o n g i n t ;

t o t a l D i s p l a y V a l u e ,  D i s p l a y V a l u e ,  R a t e O f M a s s G a i n : e x t e n d e d ;

N e w P e r c h S c o r e : r e a l ;

T i m e F r o m P r e v i o u s L i n e , C u r r e n t T i m e l n t e r v a l , D i f f e r e n c e A ,  D i f f e r e n c e B ,  

T i m e F r o m C u r r e n t L i n e ,

S t a r t i n g T i m e , E n d i n g T i m e  : I n t e g e r ;

M i n u t e S t r : S t r i n g ;  

c o n s t  
s i x t y = 6 0 ;

i m p l e m e n t a t i o n

u s e s  U n i t 3 ;



143  :

1 4 5 :  / / t h i s  f u n c t i o n  h a n d l e s  a l i n e  o f  a t e x t f i l e  a n d  s t a t e s  w h e t h e r  o r  n o t  t h e
c o d e d  t i m e  i s

1 4 6 :  / / p r e s e n t e d  i n  s e c o n d s  o r  m i l l i s e c o n d s ,  r e t u r i n g  a B o o l e a n  v a l u e  t o  d e n o t e  i t .  
1 4 7 :  Function I s T i m e l n S e c o n d s ( S t r : String) : B o o l e a n ;

14 8 : var
1 4 9 :  S t r T i m e ,  S t r R e a l T i m e :  string;
1 5 0 :  h r s ,  m i n s ,  s e c s ,  t o t a l S e c o n d s , S t r L e n :  l o n g i n t ;

1 5 1 :  begin
1 5 2 :  m k l : = 0 ;  m k 2 : = 0 ;
1 5 3 :  S t r L e n : = l e n g t h ( s t r ) ;

1 5 4 :  for i : = l  to S t r L e n  do begin
1 5 5 :  if s t r [ i ] = ! , 1 then if m k l = 0  then m k l : = i  else if m k 2  =  0  then m k 2 : = i ;

1 5 6 :  end; / / c o m m a  p o s i t i o n s  c a p t u r e d , up  t o  tw o  m a x i m u m ! !
1 5 7 :  for i : = l  to ( m k l - 1 )  do
1 5 8 :  S t r T i m e : = S t r T i m e + s t r [ i ] ;

1 5  9 :  I n t T i m e : = S t r T o I n t ( S t r T i m e ) ;

1 6 0 :  for i : = m k 2 + 2  to m k 2 + 9  do
1 6 1 :  S t r R e a l T i m e : = S t r R e a l T i m e + S t r [ i ] ;
1 6 2  :

1 6 3 :  h r s : = s t r t o i n t ( c o n c a t ( S t r R e a l T i m e [ 1 ] + S t r R e a l T i m e [ 2 ] ) ) ;

1 6 4 :  m i n s : = s t r t o i n t ( c o n c a t ( S t r R e a l T i m e [ 4 ] + S t r R e a l T i m e [ 5 ] ) ) ;

1 6 5 :  s e c s : = s t r t o i n t ( c o n c a t ( S t r R e a l T i m e [ 7 ] + S t r R e a l T i m e [ 8 ] ) ) ;

1 6 6 :  h r s : = h r s * 3 6 0 0 ;
1 6 7 :  m i n s : = m i n s * 6 0 ;

1 6 8 :  T o t a l S e c o n d s : = h r s + m i n s + s e c s ;

1 6 9 :  if I n t t i m e > T o t a l S e c o n d s  then r e s u l t : = f a l s e  else r e s u l t : = t r u e ;

1 7  0 :  end;
1 7 1 :

1 7 2 :  Function N e x t D a y O f Y e a r ( P r e s e n t D a y : string) : string;
1 7  3 :  var
1 7 4 :  d a y ,  m o n t h ,  y e a r  : string;
1 7  5 :  begin
1 7  6 :  d a y : = p r e s e n t D a y [ 1 ] + p r e s e n t D a y [ 2 ] ;

1 7  7 :  m o n t h : = p r e s e n t D a y [ 4 ] + p r e s e n t D a y [ 5 ] ;

1 7  8 :  y e a r : = p r e s e n t D a y [ 7 ] + p r e s e n t D a y [ 8 ] ;

1 7 9 :  d a y : = I n t T o S t r ( S t r T o I n t ( d a y ) + l ) ;

1 8 0 :  if L e n g t h ( d a y ) - 1  then d a y : = ' 0 ' t d a y ;

1 8 1 :  if m o n t h = ' 0 1 '  then if d a y = ' 3 2 '  then begin d a y : = ' 0 1 ' ;  m o n t h : = ' 0 2 ' ;  end;
1 8 2 :  if m o n t h = ' 0 2 '  then if d a y = ' 2 9 '  then begin d a y : = ' 0 1 ! ; m o n t h : = ' 0 3 ' ;  end;
1 8 3 :  if m o n t h = ' 0 3 '  then if d a y = ' 3 2 '  then begin d a y : = ' 0 1 ' ;  m o n t h : = ' 0 4 ' ;  end;
1 8 4 :  if m o n t h = ' 0 4 '  then if d a y = ' 3 1 '  then begin d a y : = ' 0 1 ' ;  m o n t h : = ' 0 5 ' ;  end;
1 8 5 :  if m o n t h = ' 0 5 '  then if d a y = ' 3 2 '  then begin d a y : = ' 0 1 ' ;  m o n t h : = ' 0 6 ' ;  end;
1 8 6 :  if m o n t h = ' 0 6 '  then if d a y = ' 3 1 '  then begin d a y : = ' 0 1 ' ;  m o n t h : = ' 0 7 ' ;  end;
1 8 7 :  if m o n t h = ' 0 7 '  then if d a y = ' 3 2 '  then begin d a y : = ' 0 1 ' ;  m o n t h : = ' 0 8 ' ;  end;
1 8 8 :  if m o n t h ^ ' 0 8 1 then if d a y = ' 3 2 '  then begin d a y : = ' 0 1 ' ;  m o n t h : = ' 0 9 ' ;  end;
1 8  9 :  if m o n t h = ' 0 9 '  then if d a y = ' 3 1 '  then begin d a y : = ' 0 1 ' ;  m o n t h : = ' 1 0 ' ;  end;
1 9 0 :  if m o n t h = ' 1 0 '  then if d a y = ' 3 2 '  then begin d a y : = ' 0 1 ' ;  m o n t h : = ' 1 1 ' ;  end;
1 9 1 :  if m o n t h = ' l l '  then if d a y = ' 3 1 '  then begin d a y : = ' 0 1 ' ;  m o n t h : = ' 1 2 ' ;

end;
1 9 2 :  if m o n t h = ' 1 2 '  then if d a y = ' 3 2 '  then begin d a y : = ' 0 1 ' ;  m o n t h : = ' 0 1 ' ;

end;
1 9 3 :  r e s u l t : = d a y + ' ' + m o n t h + '  ' + y e a r ;

1 9 4 :  if p r e s e n t D a y = ' 3 1  1 2  9 7 '  then r e s u l t : = ' 0 1  0 1  9 8 ' ;

1 9 5 :  if p r e s e n t D a y = ' 3 1  1 2  9 8 '  then r e s u l t : = ' 0 1  0 1  9 9 ' ;

1 9 6 :  if p r e s e n t D a y = ' 3 1  1 2  9 9 '  then r e s u l t : = ' 0 1  0 1  0 0 ' ;

1 9 7 :  if p r e s e n t D a y = ' 3 1  1 2  0 0 '  then r e s u l t : = ' 0 1  0 1  0 1 ' ;

1 9  8 :  end;
1 9 9 :

2 0 0 :

2 0 1 :

2  0 2 :  {$ r  * . DFM}
2 0 3 :

2 0 4 :  procedure T F o r m l . B t n S e t T i m e C l i c k ( S e n d e r : T O b j e c t ) ;
2 0 5 :  begin
2 0 6 :  if S t r T o I n t ( e d i t 1 . t e x t ) > ( 6 )  then M e s s a g e D l g ( ' V a l u e  m u s t  b e  6  o r  l e s s ' ,  

m t w a r n i n g ,

2 0 7 :  [ m b Y e s ,  m b N o ] , 0 ) ;

2 0  8 :  i n t e r v a l s : = s t r t o i n t ( e d i t l . t e x t ) ;

2 0  9 :  { i n t e r v a l M i n u t e s : = S i x t y / i n t e r v a l s ; }
2 1 0 :  T i m e s l n i . W r i t e l n t e g e r ( ' T i m e l n t e r v a l s 1 , ' H o u r  ' + e d i t 2 . t e x t , i n t e r v a l s ) ;
2 1 1 :  e d i t 2 . t e x t : = i n t t o s t r ( s t r t o i n t ( e d i t 2 . t e x t ) + 1 ) ;

2 1 2 :  if s t r t o i n t ( e d i t 2 . t e x t ) > 2 3  then e d i t 2 . t e x t : = ' 2 3 ' ;



2 1 3  :

2 1 4  :
2 1 5  :

2 1 6  :
2 1 7  :

2 1 8  :

2 1 9  :
2 2 0  : 
22 1  : 
22 2  :
2 2 3  :

2 2 4  :
2 2 5  : 

2 2 6 :
2 2 7  :

2 2 8  :

2 2 9  :
2 3 0  :

2 3 1  :

2 3 2  : 

2  3 3 :  

2 3 4  : 

2 3 5 :  
2 3 6 :

2 3 7  :

2 3 8  : 

2 3 9 :

2 4 0 :

2 4 1 :

2 4 2 :

2 4 3 :

2 4 4  :

2 4 5 :

2 4 6 :  
2 4 7 :  

2 4 8  : 

2 4 9 :

2 5 0 :

2 5 1 :

2 5 2 :

2 5 3 :

2 5 4  : 

2 5 5 :  
2 5 6 :  

2 5 7 :

2 5 8 :

2 5 9 :

2 6 0 :

2  6 1 :

2  6 2 :

2 6 3 :

2 6 4  : 

2 6 5 :  

2 6 6 :

2 6 7  :

2 6 8  :

end;

procedure T F o r m l . U p D o w n 2 C l i c k ( S e n d e r : T O b j e c t ;  B u t t o n :  T U D B t n T y p e ) ;  

begin
with T i m e s i n i  do
e d i t l . t e x t : = i n t t o s t r ( ( R e a d i n t e g e r ( ' T i m e l n t e r v a l s  ' , ' H o u r  ' + e d i t 2 . t e x t , 0 )  ) ) ;

e n d ;

p r o c e d u r e  T F o r m l . F o r m C r e a t e ( S e n d e r : T O b j e c t ) ;  

b e g i n
f o r m l . t o p : = 1 ;  f o r m l . l e f t : = 1 ;
T i m e s  I n i : = T i n i F i l e . C r e a t e ( ' T i m e l n t e r v a l s . I n i ' ) ;  

e n d ;

p r o c e d u r e  T F o r m l . B t n S e t u p T i m e s C l i c k ( S e n d e r : T O b j e c t ) ;  

v a r  x , y : i n t e g e r ;
I n t N u m b e r : i n t e g e r ; 

b e g i n
T i m e s i n i . E r a s e S e c t i o n ( ' S e c o n d G a p s ' ) ;  

y : = 0 ; / /  y  i s  s e t  t o  z e r o .  
f o r  x : = 0  t o  2 3  d o  b e g i n
w i t h  t i m e s i n i  d o  I n t N u m b e r : = R e a d I n t e g e r ( ' T i m e l n t e r v a l s 1 , ' H o u r  ' t i n t t o s t r ( x ) ,

0 )  ;
i f  I n t N u m b e r = l  t h e n  b e g i n
T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' ,  ' i n t e r v a l ' t i n t t o s t r ( y

T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' ,  ' i n t e r v a l ' t i n t t o s t r ( y

i n c  ( y ) ;

e n d ; / / o f  i f  I n t N u m b e r = l  r o u t i n e  
i f  I n t N u m b e r = 2  t h e n  b e g i n
T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , ' i n t e r v a l ' t i n t t o s t r ( y  
T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' ,  ' i n t e r v a l ' t i n t t o s t r ( y

i n c  ( y ) ;
T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s 1 ,  1 i n t e r v a l ' t i n t t o s t r ( y

3 6 0 0 * x t l 8 0 0 ) ;
T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' ,  ' i n t e r v a l ' t i n t t o s t r ( y  

i n c  ( y ) ;

e n d ; / / o f  i f  I n t N u m b e r = 2  r o u t i n e  
i f  I n t N u m b e r = 3  t h e n  b e g i n
T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , ' i n t e r v a l ' t i n t t o s t r y t ' S t a r t ' ,  3 6 0 0 * x ) ;
T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , 1 i n t e r v a l ' t i n t t o s t r y t ' E n d ' ,  3 6 0 0 * x t l l 9 9 )

i n c  ( y ) ;
T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , ' i n t e r v a l ' t i n t t o s t r y t ' S t a r t ' ,

3 6 0 0 * x t l 2 0 0 ) ;

T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , ' i n t e r v a l ' t i n t t o s t r y t ' E n d ' ,  3 6 0 0 * x t 2 3 9 9 )
i n c  ( y ) ;

T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , ' i n t e r v a l ' t i n t t o s t r y t ' S t a r t ' ,
3 6 0 0 * x t 2 4  0 0 )  ;

T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , ' i n t e r v a l ' t i n t t o s t r y t ' E n d ' ,  3 6 0 0 * x t 3 5 9 9 )
i n c  ( y ) ;

end;//of if IntNumber=3 routine 
if I n t N u m b e r = 4  then begin

i n c  ( y ) ; 

’ i m e s i n i . W r i t e  

3 6 0 0 * x t 9 0 0 ) ;  

’i m e s i n i . W r i t e  

i n c  ( y )  ; 

’i m e s i n i . W r i t e  

3 6 0 0 * x t l 8 0 0 ) ;  

’ i m e s i n i . W r i t e  

i n c  ( y ) ; 

’ i m e s i n i . W r i t e  

3 6 0 0 * x t 2 7  0 0 ) ;

i n c  ( y ) ;

end;//of if IntNumber=4 routine 
if I n t N u m b e r = 5  then begin
T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' ,  ' i n t e r v a l ' t i n t t o s t r ( y  

T i m e s i n i . W r i t e l n t p g e r ( 1 S e c o n d G a p s ' ,  ' i n t e r v a l ' t i n t t o s t r ( y  

i n c  ( y ) ;

T i m e s i n i . W r i t e l n t e g e r ( 1 S e c o n d G a p s ' ,  ' i n t e r v a l ' t i n t t o s t r ( y ) t ' S t a r t ' ,

t ' S t a r t ' ,  3 6 0 0 * x ) ; 

t ' E n d  1 , 3 6 0 0 * x t 3 5 9 9 ;

t ' S t a r t ' ,  3 6 0 0 * . x ) ;  

t ' E n d ' ,  3 6 0 0 * x t l 7 9 9 )

t ' S t a r t ' ,

t ' E n d ' ,  3 6 0 0 * x t 3 5 9 9 )

i n t e r v a l ' t i n t t o s t r y t ' S t a r t ' ,  3 6 0 0 * x ) ;

i n t e r v a l ' t i n t t o s t r y t ' E n d ' ,  3 6 0 0 * x t 8 9 9 )

i n t e r v a l ' t i n t t o s t r y t ' S t a r t ' ,

i n t e r v a l ' t i n t t o s t r y t ' E n d ' ,  3 6 0 0 * x t l 7 9 9

i n t e r v a l ' t i n t t o s t r y t ' S t a r t ' ,

i n t e r v a l ' t i n t t o s t r y t 1 E n d ' ,  3 6 0 0 * x t 2  6 9 9

i n t e r v a l ' t i n t t o s t r y t 1S t a r t ' ,

i n t e r v a l ' t i n t t o s t r y t ' E n d ' ,  3 6 0 0 * x t 3 5 9 9

t ' S t a r t ' ,  3 6 0 0 * x )  ; 

t ' E n d ' ,  3 6 0 0 * x t 7 1 9 ) ;



2 6 9  :

2 7 0  :

2 7 1  :

2 7 2  :

2 7 3  :

2 7 4  :

2 7 5  :

2 7 6 :

2 7 7  :

2 7 8  :

2 7 9  :

2 8 0  : 

2 8 1 :  

2 8 2  :

2 8 3  :

2 8 4  : 

2 8 5 :  

2 8 6 :

2 8 7  :

2 8 8  :

2 8 9 :

2 9 0 :  
2 9 1 :  

2 9 2  : 

2 9 3 :  
2 9 4  : 
2 9 5 :  

2 9 6 :
2 9 7  :
2 9 8  : 

2 9 9 :  

3 0 0 :  

3 0 1 :  

3 0 2  : 

3 0 3 :

3 0 4  :

3 0 5  : 

3 0 6 :

3 0 7  :

3 0 8  :

3 0 9  :

3 1 0 :

3 1 1 :  

3 1 2  : 

3 1 3 :

3 1 4  :
3 1 5  : 

3 1 6 :

317 :

3 6 0 0 * x t 7 2 0 ) ;
T i m e s i n i . W r i t e l n t e g e r ( 1 S e c o n d G a p s ' , ' i n t e r v a l 1 T i n t t o s t r y T ' E n d  1 , 3 6 0 0 * x T l 4 3 9 ) ;

i n c  ( y )  ;
T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , ' i n t e r v a l T i n t t o s t r y T ' S t a r t 1 /

3 6 0 0 * x t l 4  4 0 )  ;
T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , ' i n t e r v a l T i n t t o s t r y T 1 E n d ' , 3 6 0 0 * x T 2 1 5 9 ) ;

i n c  ( y ) ;
T i m e s i n i . W r i t e l n t e g e r ( 1 S e c o n d G a p s ' , ' i n t e r v a l T i n t t o s t r y T ' S t a r t /

3 6 0 0 * x + 2 1 6 0 ) ;
T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , ' i n t e r v a l T i n t t o s t r y T ' E n d ' , 3  6 0  0 * x T 2  8 7 9 )  ;

i n c  ( y ) ;
T i m e s i n i . W r i t e l n t e g e r ( 1 S e c o n d G a p s 1 , ' i n t e r v a l T i n t t o s t r y T ' S t a r t

3  6 0 0 * x + 2  8 8  0 )  ;

T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , ' i n t e r v a l T i n t t o s t r y T ' E n d ' , 3 6 0 0 * x T 3 5 9 9 ) ;

i n c  ( y ) ;

end; / / o f  i f  I n t N u m b e r - 5  r o u t i n e  
i f  I n t N u m b e r = 6  then begin
T i m e s i n i . W r i t e l n t e g e r ( 1 S e c o n d G a p s ' , ' i n t e r v a l T i n t t o s t r y T ' S t a r t , 3 6 0 0 * x ) ;
T i m e s i n i . W r i t e l n t e g e r ( 1 S e c o n d G a p s ' , 1 i n t e r v a l T i n t t o s t r y T ' E n d ' , 3 6 0 0 * x T 5 9 9 ) ;

i n c  ( y ) ;
T i m e s i n i . W r i t e l n t e g e r ( 1 S e c o n d G a p s 1 , 1 i n t e r v a l T i n t t o s t r y T ' S t a r t r

3 6 0 0 * x + 6 0 0 ) ;

T i m e s i n i . W r i t e l n t e g e r ( 1 S e c o n d G a p s 1 , ' i n t e r v a l T i n t t o s t r y T ' E n d ' , 3 6 0 0 * x T l 4  3 9 )  ;
i n c  ( y ) ;

T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , ' i n t e r v a l T i n t t o s t r y T ' S t a r t r
3 6 0 0 * x + 1 1 9 9 ) ;

T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s 1 , ' i n t e r v a l T i n t t o s t r y T ' E n d ' , 3 6 0 0 * x T l 2 0 0 ) ;
i n c  ( y ) ;

T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s 1 , ' i n t e r v a l T i n t t o s t r y T ' S t a r t r
3 6 0 0 * x t l 7  9 9 )  ;

T i m e s i n i . W r i t e l n t e g e r ( 1 S e c o n d G a p s ' , 1 i n t e r v a l T i n t t o s t r y T ' E n d ' , 3 6 0 0 * x T l 8 0 0 ) ;
i n c  ( y ) ;

T i m e s i n i . W r i t e l n t e g e r ( ' S e c o n d G a p s ' , 1 i n t e r v a l T i n t t o s t r y T ' S t a r t /
3 6 0 0 * x + 2 3 9 9 ) ;

T i m e s i n i . W r i t e l n t e g e r ( 1 S e c o n d G a p s 1 , 1 i n t e r v a l T i n t t o s t r y T ' E n d ' , 3 6 0 0 * x T 2  4 0 0 )  ;
i n c  ( y ) ;

T i m e s i n i . W r i t e l n t e g e r ( 1 S e c o n d G a p s ' , ' i n t e r v a l T i n t t o s t r y T ' S t a r t /
3 6 0 0 * x T 2 9 9 9 ) ;

T i m e s i n i . W r i t e l n t e g e r ( 1 S e c o n d G a p s ' , 1 i n t e r v a l T i n t t o s t r y T ' E n d ' , 3 6 0 0 * x T 3 5 9 9 ) ;
i n c  ( y ) ;

end; / / o f  i f  I n t N u m b e r = 6  r o u t i n e
end;
end;

procedure T F o r m l . B t n T r a n s  f o r m F i l e C l i c k ( S e n d e r T O b j e c t )

v a r  i , m k l ,  S t a r t t t : i n t e g e r ; T i m e S t r ,  s t r : s t r i n g ;
C u r r e n t D a t e : s t r i n g ;

l a b e l  1 ;  l a b e l  2 ;  l a b e l  3 ;

b e g i n

/ / c o d e  h i g h l i g h t e d  b e l o w  i s  r e s p o n s i b l e  f o r  r e a d i n g  f i l e s  s e q u e n t i a l l y  
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
C u r r e n t D a t e : = e d i t 6 . t e x t ; / / s e t s  c u r r e n t  d a t e

2  :

F i l e L i s t B o x l . c o l o r : = c l w h i t e ; f i l e l i s t b o x l . r e f r e s h ; / / f l a s h e s  l i s t  b o x  t o  d e n o t e  
c y c l i n g
C a g e N u m b e r : = C a g e N u m b e r T l ; i f  C a g e N u r a b e r = 9  t h e n  / / f l i p s  t o  n e x t  d a y  a n d  c a g e  1 
b e g i n  C a g e N u m b e r : = 1 ;  C u r r e n t D a t e : = N e x t D a y O f Y e a r ( C u r r e n t D a t e ) ;  e n d ;  
e d i t 7 . t e x t : = l a b e l l . c a p t i o n T 1 \ 1 + ' C a g e  ' t l n t T o S t r ( C a g e N u m b e r ) + '
[ 1 + e d i t 6 . t e x t t 1 ] '  ; 

e d i t 7 . r e f r e s h ;

e d i t 6 . t e x t : = C u r r e n t D a t e ;  e d i t 6 . r e f r e s h ;  / / d i s p l a y s  c u r r e n t  d a t e  a n d  u p d a t e s  
d i s p l a y

i f  F i l e E x i s t s ( l a b e l 1 . c a p t i o n t ' \ ' T ' C a g e ' T l n t T o S t r ( C a g e N u m b e r ) + '

[ ' T e d i t 6 . t e x t t ' ] . t x t ' )

t h e n  b e g i n  / / i f  F i l e  i s  p r e s e n t  i n  s e l e c t e d  f o l d e r  t h e n  r u n  t h e  f o l l o w i n g  c o d e

a s s i g n F i l e ( F ,  l a b e l 1 . c a p t i o n + ' \ ' + ' C a g e 1 t l n t T o S t r ( C a g e N u m b e r ) + 1 

[ ' t e d i  1 6 . t e x t t 1 ] . t x t 1 ) ;

e d i t 5 . t e x t : = ' d a t a  t o  c : \ P a r s e d M a s s D a t a ' ;  / / i n d i c a t e s  p a t h w a y  t o  r e s u l t s  f i l e  
F i l e L i s t B o x l . c o l o r : = c l l i m e ; f i l e l i s t b o x l . r e f r e s h ; / / f l a s h e s  t h e  l i s t  b o x  t o  
d e n o t e  e n d  o f  c y c l e  

b t n T r a n s  f o r m F i l e . D e f a u l t : = t r u e ; / / m a k e s  t h e  b u t t o n  t h e  d e f a u l t  c o n t r o l



3 1 8 :  s t a r t t t : = 0 ;
3 1 9 :  A s s i g n f i l e ( T e m p F i l e ,  ' c : \ P a r s e d M a s s D a t a \ T e m p . t x t ' ) ; / / d e f i n e s  t h e  t e m p o r a r y  

f i l e
3 2 0 :  A s s i g n F i l e ( T i m e s , ' c : \ P a r s e d M a s s D a t a \ C u r r e n t  T i m e  D i v i s i o n s  ( I n t e r v a l

B e g i n n i n g . . . . ) • t x t ' ) ;
3 2 1 :  / / / r e m o v e d  2 0 F e b  1 9 9 9  A s s i g n  f i l e ( R e s u l t s , ' c : \ P a r s e d M a s s D a t a \ M o d i

' + F i l e E d i t l . t e x t ) ;
3 2 2 :  A s s i g n F i l e ( R e s u l t s , ' c : \ t e m p \ M o d i C a g e  1 T l n t T o S t r ( C a g e N u m b e r ) + 1

[ ' + C u r r e n t D a t e + 1 ] . t x t 1 ) ;

3 2 3 :  / / A s s i g n F i l e  ( F , l a b e l l . c a p t i o n + ' \ ' + F i l e E d i t l . t e x t )  ;
3 2 4 :  r e s e t ( F ) ; / / r e s e t s  t h e  c u r r e n t  d a t a  f i l e
3 2 5 :  r e w r i t e ( r e s u l t s ) ;  / / c l e a r s  c u r r e n t  r e s u l t s  f i l e  r e a d y  f o r  w r i t i n g
3 2 6 :  R e w r i t e ( T i m e s ) ;  / / c l e a r s  t i m e s  f i l e
3 2 7 :  / / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  l i n e s
3 2 8 :  r e a d L n ( F ,  S t r ) ;

3 2 9 :  I n S e c o n d s : = I s T i m e I n S e c o n d s ( s t r ) ; / / f u n c t i o n  c a l l  t o  d e t e r m i n e  w h e t h e r  t i m e  i s
i n  s e c s  o r  M S e c s  

3 3 0 :  while S t r O '  1 do begin T o t a l : = T o t a l  +  l ;

3 3 1 :  / / E d i t T o t a l . t e x t : = i n t t o s t r  ( t o t a l ) ;
3 3 2 :  / / E d i t T o t a l . r e  f r e s h ;
3 3 3 :  R e a d L n ( F ,  S t r ) ;  end;
3 3 4  :
3 3 5 :  C l o s e F i l e ( F ) ; / / * * * * * * * * * * * *e n d  o f  l i n e  c o u n t e r -  v a r i a b l e  i s  c a l l e d  

To t c i l  * * ** * ** * * ** * * '& ** * '*
3 3 6 :  R e s e t ( F ) ;  / / r e s e t s  c u r r e n t  d a t a  f i l e  a g a i n  r e a d y  f o r  r e a d i n g  t h r o u g h  a g a i n
3 3 7 :  E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ; / / d i s p l a y s  t o t a l  n u m b e r  o f  l i n e s  i n  c u r r e n t  d a t a  

f i l e
3 3 8 :  F l a g : = F a l s e  ;

3 3 9 :  C o m m a C o u n t : = 1  ;

3 4 0  :

3 4 1 :
3 4 2 :  for k : = l  to t o t a l  do begin// b e g i n n i n g  o f  MAIN  

3 4  3 :  m k l : = 0 ;  m k 2 : = 0 ;

3 4 4 :  r e a d L n ( F ,  S t r ) ;  / / r e a d s  l i n e  i n t o  S t r  v a r i a b l e
3 4 5 :  S t r L e n g t h : = L e n g t h ( S t r ) ;  / / r e a d s  s t r i n g  l e n g t h  i n t o  ' L e n g t h '  v a r i a b l e
3 4 6 :  for i : = l  to S t r L e n g t h  do begin / / f i n d s  c o m m a s ,  t w o  o f  t h e m
3 4 7 :  if s t r [ i ] = l , 1 then if m k l = 0  then m k l : = i  else if m k 2 = 0  then m k 2 : = i ;

3 4 8 :  end; / / o f  comma f i n d i n g  r o u t i n e ,  o n l y  f i n d s  tw o
t h e n  s t o p s

3 4 9 :

3 5 0 :
3 5 1 :  C o m m a G a p A : = m k 2 - m k l ;

3 5 2 :  C o m m a G a p : = m k 2 - m k l ; / / c a l c u l a t e s  s p a c i n g  b e t w e e n  comm as
3 5 3 :  d l : = m k l + 2 ;  d 2 : = m k l + 3 ;  d 3 : = m k l + 4 ;  d 4 : = m k l + 5 ; / / d e f i n e s  p o s i t i o n s  o f  d i g i t s  1 t o  4 
3 5 4 :  if C o m m a G a p = 3  then if M e s s a g e D l g ( ' F i l e  h a s  a w f u l l y  d o d g y  d a t a -  d o  y o u  w a n n a  

a b o r t ? ' ,  m t w a r n i n g ,

3 5 5 :  [ m b Y e s ,  m b N o ] , 0 ) = m r Y e s  then c l o s e ; / / t h i s  s h u t s  d own  t h e  p r o g r a m  i f  t h e  d a t a  i s
c o r r u p t

3 5 6 :  if C o m m a G a p = 4  then if s t r < > "  then M a s s  S t  r  : = c o n c a t  ( s t  r  [ d ' l  ] 1 s t  r  [ d 2  ] ) ;  / / f o r  tw o  
d i g i t  m a s s  

3 5 7 :  if C o m m a G a p = 6  then if s t r < > '  ' then
M a s s S t r : = C o n c a t ( s t r [ d l ] + s t r [ d 2 ] + s t r [ d 3 ] + s t r [ d 4 ]  ) ; / / w i t h  f o u r  

3 5 8 :  / / n o t e  t h a t  m a s s e s  c a n  o n l y  h a v e  t w o  o r  f o u r  s i g n i f i c a n t  d i g i t s
3 5 9 :  m a s s : = s t r t o F l o a t ( M a s s S t r ) ;  / / c o n t a i n s  v a l u e  o f  m a s s  r e a d i n g  f o r  c u r r e n t  l i n e
3 6 0 :

3 6 1 :  if I n S e c o n d s = t r u e  then begin//runs I n S e c o n d s  f u n c t i o n  t o  d e t e r m i n e  t h a t  t i m e  i s  
n o t  s e c s ,  n o t  m s e c s  

3 6 2 :  if m k l = 2  then if s t r < > ' 1 then t i m e S t r : = s t r [ 1 ] ;

3 6 3 :  if m k l = 3  then if s t r O 1 1 then t i m e S t r : = c o n c a t ( s t r [ 1 ] + s t r [ 2 ] ) ;

3 6 4 :  if m k l = 4  then if s t r O 1 ' then t i m e S t  r  : = c o n c a t  ( s  t r  [ 1  ] + s  t r  [ 2  ] + s  t r  [ 3  ] ) ;

3 6 5 :  if m k l = 5  then if s t r O '  1 then t i m e S t r  : = c o n c a t  ( s t r  [ 1  ] + s t r  [ 2  ] + s t r  [ 3  ] + s t r  [ 4 ] ) ;

3 6 6 :  if m k l = 6  then if s t r O '  1 then
t i m e S t r : = c o n c a t ( s t r [ 1 ] + s t r [ 2 ] + s t r [ 3 ] + s t r [ 4 ] + s t r [ 5 ] ) ;

3 6 7 :  end
3 6 8 :  else / / i f  t i m e  i s  i n  m i l l i s e c o n d s  i t  e x t r a c t s  t i m e  u s i n g

c o d e  b e l o w  
3 6 9 :  begin
3 7 0 :  if m k l = 4  then if s t r < > ' 1 then t i m e S t r : - c o n c a t ( s t r [ 1 ] ) ;

3 7 1 :  if m k l = 5  then if s t r O '  1 then t i m e S  t r  : = c o n c a t  ( s t r  [ 1  ] )  ;

3 7 2 :  if m k l  =  6  then if s t r O "  then t i m e S t r : = c o n c a t  ( s t r  [ 1 ]  ) ;

3 7  3 :  if m k ’l  =  7  then if s t r O  1 then t i m e S t r : = c o n c a t ( s t r [ l ] + s t r [ 2 ]  ) ;

3 7 4 :  if m k l  =  8 then if s t r O '  1 then t i m e S t r  : = c o n c a t  ( s  t r  [ 1 ] + s t  r  [ 2  ] + s t  r  [ 3  ] + s t r  [ 4 ] ) ;

3 7 5 :  if m k l  =  9  then if s t r O 1 ' then



t i m e S t r : = c o n c a t ( s t r [ l ] t s t r [ 2 ] t s t r [ 3 ] t s t r [ 4 ] t s t r [ 5 ] ) ;

3 7  6 :  e n d ;
3 7 7 :  T i m e : = s t r t o i n t ( t i m e S t r ) ; / / t h i s  i s  t h e  t i m e  i n  s e c o n d s

3 7 9 :  1 :

3 8 0 :  w i t h  T i m e s i n i  d o  b e g i n
3 8 1 :  S t a r t : = R e a d I n t e g e r ( 1 S e c o n d G a p s ' ,

1 I n t e r v a l 1 T l n t t o S t r ( I n t e r v a l C o u n t e r ) t ' S t a r t ' ,  - 1 )  ;

3  8 2 :  E n d d : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,
' I n t e r v a l ' t l n t t o S t r ( I n t e r v a l C o u n t e r ) t ' E n d ' ,  - 1 ) ;

3 8 3 :  e n d ;  / / s t a r t  a n d  e n d  t i m e s  a r e  r e a d  f r o m  ' i n i '  f i l e  i n t o
m e m o r y

3 8 4  :

3 8 5 :  i f  T i m e > = s t a r t  t h e n  i f  T i m e < = e n d d  t h e n  b e g i n / / i f  t i m e  i s  w i t h i n  c u r r e n t  p e r i o d
3 8 6 :  T o t a l M a s s : = T o t a l M a s s t M a s s ; / / a d d s  c u r r e n t  m a s s  o n t o  r u n n i n g  t o t a l  v a l u e
3 8 7 :  A v e C o u n t e r : = A v e C o u n t e r t 1 ; / / i n c r e m e n t s  t h i s  c o u n t  t o  a l l o w  m e a n  t o  b e

c a l c u l a t e d
3 8 8 :  e n d  e l s e  b e g i n
3 8 9  :

3 9 0 :  i f  A v e C o u n t e r = 0  t h e n  b e g i n
3 9 1 :  A p p e n d ( R e s u l t s ) ;

3 9 2 :  W r i t e L n ( R e s u l t s , 0 ) ;

3 9 3 :  C l o s e F i l e ( R e s u l t s ) ;

3  9 4 :  I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r t l ;

3  9 5 :  g o t o  1 ;

3 9 6 :  e n d  e l s e

3 9 7 :  b e g i n  / / c u r r e n t  t i m e  i s  o u t w i t h  c u r r e n t  p e r i o d , t h e r e f o r e  w r i t e  s t o r e d
m e a n  t o

3 9 8 :  / / t e x t f i l e  b e f o r e  m o v i n g  o n .
3 9 9 :  A p p e n d ( R e s u l t s ) ;

4 0 0 :  W r i t e L n ( R e s u l t s , f l o a t t o S t r F ( T o t a l M a s s / A v e C o u n t e r , f f F i x e d ,  4 ,  1 ) ) ;

4 0 1 :  P r e v i o u s A v e r a g e : = f l o a t t o S t r F ( T o t a l M a s s / A v e C o u n t e r , f f F i x e d ,  4 ,  1 ) . ;
4 0 2 :  C l o s e F i l e ( R e s u l t s ) ;

4 0 3 :  T o t a l M a s s : = 0 ;  / / r e s e t s  t o t a l
4 0 4 :  A v e C o u n t e r : = 0 ;  / / r e s e t s  t h i s  c o u n t e r
4 0 5 :  I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r t l ; / / c l i c k s  f o r w a r d  t o  n e x t  t i m e

i n t e r v a l
4 0 6 :  g o t o  1 ;  / / s e n d s  e x e c u t i o n  p o i n t  b a c k  t o  l a b e l  1
4 0 7 :  e n d ;  e n d ;
4 0 8  :

4 1 0 :  e n d ;  / / e n d  o f  ' f o r  k = l  t o  t o t a l  d o '

4 1 1  :

4 1 2 :  i n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r t l ; / / c l i c k s  f o r w a r d  t o  n e x t  t i m e  i n t e r v a l  
4 1 3 :

4 1 4 :  i f  A v e C o u n t e r > 0  t h e n  b e g i n
4 1 5 :  A p p e n d ( r e s u l t s ) ;

4 1 6 :  W r i t e L n  ( r e s u l t s , f l o a t t o s t r F ( T o t a l M a s s / A v e C o u n t e r ,  f f F i x e d ,  4 ,  1 ) ) ;

4 1 7 :  P r e v i o u s A v e r a g e : = f l o a t t o S t r F ( T o t a l M a s s / A v e C o u n t e r , f f F i x e d ,  4 ,  1 ) ;

4 1 8 :  C l o s e F i l e ( R e s u l t s ) ;

4 1 9 :  T o t a l M a s s : = 0 ;

4 2 0 :  A v e C o u n t e r : = 0 ;

4 2 1 :  e n d ;

4 2 2  :
4 2 3  :

4 2 4 :  C l o s e F i l e ( F ) ;

4 2 5 :  w h i l e  s t a r t o - l  d o  b e g i n
4 2 6 :

4 2 7 :  w i t h  T i m e s i n i  d o
4 2 8 :  S t a r t : ^ R e a d l n t e g e r ( ' S e c o n d G a p s ' ,

' I n t e r v a l ' t i n t t o s t r ( I n t e r v a l C o u n t e r ) t ' S t a r t ' , - 1 ) ;

4 2  9 :  I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r t l  ;

4 3 0 :  A p p e n d ( R e s u l t s ) ;

4 3 1 :  i f  s t a r t o - l  t h e n  W r i t e L n  ( R e s u l t s , 0 ) ; / / w r i t e s  z e r o s  o n t o  e n d  o f
r e s u l t s  i f  d a t a  

4 3 2 :  / / i s  a b s e n t
4 3 3 :  C l o s e F i l e ( R e s u l t s ) ;

4 3  4 :  e n d ;

4 3 5 :

4 3 6 :
4 3 7 :  I n t e r v a l C o u n t e r : = 0 ;

4 3 8 :  f o r  i : = l  t o  8 0  d o  b e g i n  / / t h i s  r o u t i n e  w r i t e s  t h e  c u r r e n t  t i m e  i n t e r v a l s  f i l e
4 3 9 :  w i t h  T i m e s i n i  d o



4 4 0 :  S t a r t : = R e a d I n t e g e r ( 1 S e c o n d G a p s ' ,  ' I n t e r v a l ' t i n t t o s t r ( I n t e r v a l C o u n t e r ) + ' S t a r t 1 , 

- l )  ;
4 4 1 :  h o u r s : = s t a r t  d i v  3 6 0 0 ;
4 4 2 :  m i n u t e s : = ( s t a r t - ( h o u r s * 3 6 0 0 ) ) d i v  6 0 ;
4 4 3 :  h o u r S t r : = i n t T o S t r ( H o u r s ) ;  i f  l e n g t h ( H o u r S t r ) = 1  t h e n  

H o u r S t r : ^ c o n c a t ( ' O ' t H o u r S t r ) ;

M i n S t r : = i n t T o S t r ( M i n u t e s ) ;  i f  l e n g t h ( M i n S t r ) = 1  t h e n  M i n S t r : = c o n c a t ( M i n S t r t ' 0 ' ) ;  
T i m e S t r : = c o n c a t ( h o u r S t r t ' : ' t m i n S t r ) ;

i f  s t a r t o - l  t h e n  W r i t e L n ( T i m e s , ( i n t t o s t r  ( s t a r t  d i v  6 0 ) ) t ' ,  ' t T i m e S t r ) ;
i n t e r v a l c o u n t e r : = i n t e r v a l c o u n t e r t l  ; 

e n d ;
r e s e t ( F ) ;

C l o s e F i l e ( F ) ; 
m k l : = 0 ;  s t r : = ' ' ;  T i m e S t r : = ' ' ;

F l a g : = f a l s e ;

I n t e r v a 1 C h e c k : = f a l s e ;
C l o s e F i l e ( T i m e s ) ;

T o t a l : = 0 ;
I n t e r v a l c o u n t e r : = 0 ;

s t r : = ' ' ;  / / t i d i e s  up  wh e n  f i n i s h e d  
m a s s : = 0 ;  i n t e r v a l c o u n t e r : = 0 ;  a v e C o u n t e r : = 0 ;  a v e r a g e M a s s : = 0 ;  S t a r t : = 0 ;  E n d d : = 0 ;  

T o t a l M a s s : = 0 ;  C o m m a C o u n t : = 1 ;

P r e v i o u s A v e r a g e : = ' 0 0 ' ;

F i l e L i s t B o x l . c o l o r : = c l W i n d o w ;

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
^  /  o H f j. f  F 2.1. e E x i  s  t  22 ou  1 2. n 0 r

i f  C u r r e n t D a t e = e d i t 8 . t e x t  t h e n  g o t o  3 ; / / i f  c u r r e n t  d a t e  h a s  h i t  e n d  d a t e  t h e n  
go  t o  3 a n d  e n d  

g o t o  2 ;
3  :

e n d ;  / / o f  m a s s  f i l e  p a r s i n g  r o u t i n e

p r o c e d u r e  T F o r m l . A b o u t l C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
a b o u t b o x . s h o w ;  

e n d ;

p r o c e d u r e  T F o r m l . T r a n s f o r m P e r c h d a t a C l i c k ( S e n d e r : T O b j e c t ) ;  

v a r
i ,  m k l ,  S t a r t t t  : i n t e g e r ;  T i m e S t r ,  s t r ,  C u r r e n t D a t e : s t r i n g ;  

l a b e l  1 ;  l a b e l  2 ;  l a b e l  3 ;  

b e g i n
C u r r e n t D a t e : = e d i t 6 . t e x t ; / / s e t s  s t a r t i n g  d a t e  u s i n g  d e f a u l t  v a l u e  

2  :

F i l e L i s t B o x l . c o l o r : = c l w h i t e ; f i l e l i s t b o x l . r e f r e s h ;

C a g e N u m b e r : = C a g e N u m b e r + 1 ;  i f  C a g e N u m b e r = 9  t h e n  / / i f  C a g e N u m b e r  = 9 t h e n  r e v e r t  
b a c k  t o  1 a g a i n

4 9 0 :  b e g i n  C a g e N u m b e r : = 1 ;  C u r r e n t D a t e : = N e x t D a y O f Y e a r ( C u r r e n t D a t e ) ;  e n d ;
4 9 1 :  e d i t 7 . t e x t : = l a b e l l . c a p t i o n t 1 \ ' + ' P e r c h  1 t l n t T o S t r ( C a g e N u m b e r ) + '

[ ' + e d i t 6 . t e x t t ' ] 1 ;

4 9 2 :  e d i t 7 . r e f r e s h ;  / / d i s p l a y s  t h e  f i l e  ( w i t h  f i l e p a t h )  c u r r e n t l y  b e i n g  p a r s e d
( i f  i t  e x i s t s )

4 9 3 :  e d i t 6 . t e x t : = C u r r e n t D a t e ;  e d i t 6 . r e f r e s h ;  / / d i s p l a y s  t h e  c u r r e n t  d a t e  b e i n g  r e a d  
4 9 4 :  i f  F i l e E x i s t s ( l a b e l l . c a p t i o n t ' X ' t ' P e r c h ' t i n t T o S t r ( C a g e N u m b e r ) t '

[ ' t e d i t 6 . t e x t t ' ] . t x t ' )

4 9 5 :  / / c h e c k s  w h e t h e r  f i l e  e x i s t s  o r  n o t ,  i f  s o  t h e n  t h e  c o d e  b e l o w  i s  e x e c u t e d  
4 9 6 :  t h e n  b e g i n

4 9 7  :

4 9 8 :  a s s i g n F i l e ( F ,  l a b e l 1 . c a p t i o n t ' \ ' t 1 P e r c h ' t l n t T o S t r ( C a g e N u m b e r ) t 1 

[ ' t e d i 1 6 . t e x t t ' ]  . t x t ' )  ;

4 9 9 :  / / F  i d e n t i f i e s  t h e  t e x t  f i l e  c u r r e n t l y  b e i n g  p a r s e d  
5 0 0 :  e d i t 5 . t e x t : = ' d a t a  t o  c : \ P a r s e d P e r c h D a t a ' ;

5 0 1 :  t o t a l P e r c h M o v e m e n t s : = 0 ;  / / t h i s  v a r i a b l e  i s  u s e d  t o  c o u n t  t o t a l  h o p s  p e r  p e r i o d  
5 0 2  :

5 0 3 :  T r a n s f o r m P e r c h D a t a . d e f a u l t : = t r u e ; / / m a k e s  b u t t o n  t h e  n e w  d e f a u l t  c o n t r o l  
5 0 4 :  A s s i g n F i l e ( t i m e s , ' c : \ P a r s e d P e r c h D a t a \ C u r r e n t  T i m e  D i v i s i o n s  ( M i n s ) . t x t ' ) ;

5 0 5 :  A s s i g n F i l e ( R e s u l t s ,  ' c : \ t e m p \ M o d i P e r c h ' t I n t T o S t r ( C a g e N u m b e r ) t '



[ 1 t C u r r e n t D a t e t ' ] . t x t ' ) ;

5 0 6 :  / / a s s i g n s  f i l e s  f o r  s t o r a g e  o f  t i m e  d i v i s i o n s  a n d  t h e  R e s u l t s  O u t p u t  (Modi
p r e f i x )

5 0 7  :

5 0 8 :  r e s e t ( F ) ;  / / r e s e t s  f i l e  b e i n g  r e a d
5 0 9 :  R e w r i t e ( t i m e s ) ;  / / c l e a r s  a n y  p r e v i o u s  c o n t e n t  i n  t i m e s  f i l e
5 1 0 :  r e w r i t e ( r e s u l t s ) ; / / c l e a r s  a n y  p r e v i o u s  c o n t e n t  i n  r e s u l t s  f i l e
5 1 1 :

5 1 2 :  / / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  l i n e s .
5 1 3 :  r e a d L n ( F ,  S t r ) ;

5 1 4 :  w h i l e  S t r O 1 1 d o  b e g i n  T o t a l : = T o t a l  +  l ; / / t o t a l  l i n e s
5 1 5 :  / / E d i t T o t a l . t e x t : = i n t t o s t r  ( t o t a l )  ;
5 1 6 :  / / E d i t  T o t a l . r e f r e s h ;
5 1 7 :  R e a d L n ( F ,  S t r ) ;

5 1 8 :  e n d ;

5 1 9 :  C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  n o .  o f  l i n e s  h e l d  i n  T o t a l .
5 2 0 :  E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ; / / d i s p l a y s  t o t a l  l i n e s
5 2 1 :  R e s e t ( F ) ;  / / r e s e t s  f i l e  b e i n g  r e a d  a g a i n
5 2 2 :  F i l e L i s t B o x l . c o l o r : = c l l i m e ; f i l e l i s t b o x l . r e f r e s h ;  / / c a u s e s  F i l e L i s t B o x  t o

f l a s h
5 2 3 :  f o r  k : = l  t o  t o t a l  d o  b e g i n  / / r e a d s  t h r o u g h  e a c h  l i n e  o f  t h e  t e x t f i l e , t h i s  i s

t h e  MAIN ROUTINE
5 2 4 :  R e a d L n ( F ,  S t r ) ;  / / l o a d s  c u r r e n t  l i n e  o f  t e x t f i l e  i n t o  S t r  v a r i a b l e .
5 2 5 :  i f  k = l  t h e n  S t r : = ' l ,  1 0 0 0 0 ,  0 0 : 0 0 : 1 0 ,  9 9 9 9 ' ;

5 2 6 :  f o r  i : = 1  t o  1 6  d o  b e g i n  / /  r e a d s  e a c h  c h a r a c t e r  o f  s t r i n g  i n  t u r n .
5 2 7 :  / / o n l y  r e a d s  t o  n u m b e r  1 6  t o  a v o i d  r e a d i n g  i n  t h e  t h i r d  c o m m a , c . f .

B a l a n c e F i l e P a r s e r
5 2 8 :  i f  S t r [ i ] = ' , '  t h e n  b e g i n  i f  f l a g = f a l s e  t h e n  b e g i n  m k l : = i ;  f l a g : = t r u e

5 2 9 :  e n d

5 3 0 :  e l s e  b e g i n

5 3 1 :  m k 2 : = i ;  f l a g : = f a l s e ; / / c o m m a  p o s i t i o n s  l o c a t e d  i n  m k l  a n d  m k2
5 3 2 :  e n d ;  e n d ;
5 3  3 :  e n d ;

5 3 4 :  / / f i n d s  p o s i t i o n s  o f  t h e  f i r s t  t w o  co m m as  i n  l i n e  ( o n l y )
5 3 5 :  C o m m a G a p : = m k 2 - m k l ; / / c a l c u l a t e s  t h e  d i s t a n c e  b e t w e e n  t h e  t w o  co m m a s .
5 3 6 :  i f  C o m m a G a p = 9  t h e n  t i m e S t r : = c o n c a t ( s t r [ 4 ] t s t r [ 5 ] t s t r [ 6 ] t s t r [ 7 ] ) ;

5 3 7 :  i f  C o m m a G a p = 1 0  t h e n  t i m e S t r : = c o n c a t ( s t r [ 4 ] t s t r [ 5 ] t s t r [ 6 ] t s t r [ 7 ] t s t r [ 8 ]  ) ;

5 3 8 :  i f  T i m e S t r O ' 1 t h e n  T i m e : = s t r T o I n t ( T i m e S t r ) ;  / / t h i s  i s  t h e  t i m e  i n  s e c o n d s .
5 3 9 :

5 4 1 :  1 :

5 4 2 :  w i t h  T i m e s i n i  d o  b e g i n  / / T i m e s i n i  i s  t h e  . i n i  f i l e  c o n t a i n i n g  t h e  c u r r e n t
p e r i o d  s e t t i n g s  

5 4 3 :  S t a r t : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,

1 I n t e r v a l ' t i n t t o s t r ( i n t e r v a l c o u n t e r ) t ' S t a r t ' ,  - 1 ) ;

5 4  4 :  E n d d : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,  ' I n t e r v a l ' t I n t T o S t r ( I n t e r v a l c o u n t e r ) t 1 E n d ' ,

- 1 ) ;
5 4 5 :  / / S t a r t  a n d  E n d d  a r e  v a r i a b l e s  c o n t a i n i n g  s t a r t  a n d  e n d  o f  i n t e r v a l  i n

s e c o n d s .
5 4  6 :  e n d ;

5 4 7 :  I f  T i m e > = S t a r t  t h e n  i f  T i m e < = E n d d  t h e n  b e g i n  
5 4  8 :  T o t a l P e r c h M o v e m e n t s : = T o t a l P e r c h M o v e m e n t s t l ;

5 4 9 :  P e r c h F l a g : = t r u e ; / / s i g n i f i e s  t h a t  t h e r e  was  a p e r c h  m o v e m e n t  d u r i n g  c u r r e n t
p e r i o d

5 5 0 :  e n d  e l s e
5 5 1 :  b e g i n

5 5 2 :  i f  P e r c h F l a g = f a l s e  t h e n  b e g i n / / i f  n o  m o v e m e n t s  o c c u r e d  t h e n  d o  t h i s
5 5 3 :  A p p e n d ( R e s u l t s ) ;

5 5 4 :  W r i t e L n ( R e s u l t s , 0 ) ;  / / w r i t e s  a z e r o  i n  a s  r e s u l t
5 5 5 :  C l o s e F i l e ( R e s u l t s ) ;

5 5 6 :  I n t e r v a l c o u n t e r : = I n t e r v a l C o u n t e r t l ; / / u p s  I n t e r v a l c o u n t e r  b y  o n e ,  n e x t
p e r i o d

5 5 7  : g o t o  1 ;  / / s e n d s  e x e c u t i o n  b a c k  t o  s e e  i f  p r e s e n t  p e r c h  m o v e m e n t  f i t s
w i t h i n  n e x t  p e r i o d  

5 5 8 :  e n d  e l s e

5 5 9 :  b e g i n  / / t h i s  c o d e  i s  e x e c u t e d  i f  t h e r e  a r e  P e r c h M o v e m e n t s  w i t h i n
c u r r e n t  p e r i o d  

5 6 0 :  A p p e n d ( R e s u l t s ) ;

5 6 1 :  W r i t e L n ( R e s u l t s , T o t a l P e r c h M o v e m e n t s ) ; / / l o g  t o t a l  p e r c h  m o v e m e n t s
w i t h i n  p e r i o d  

5 6 2 :  C l o s e F i l e ( R e s u l t s ) ;

5 6 3 :  T o t a l P e r c h M o v e m e n t s : = 0 ;  / / z e r o e s  t h i s  v a r i a b l e  r e a d y  f o r  n e x t
c o u n  t

5 6 4 :  I n t e r v a l c o u n t e r : ^ I n t e r v a l C o u n t e r t l ; / / u p s  I n t e r v a l  C o u n t e r  b y  o n e ,



5 6 5  :
5 6 6 :
5 6 7  :

5 6 8  :

5 6 9  :
5 7 0 :
5 7 1 :

5 7 2  :

5 7 3 :

5 7 4  :
5 7 5  :
5 7 6 :

5 7 7  :

5 7 8  :
5 7 9  :

5 8 0 :

5 8 1 :

5 8 2 :

5 8 3 :

5 8 4  :

5 8 5 :

5 8 6 :

5 8 7  :

5 8 8  :

5 8 9 :

5 9 0 :

5 9 1 :

5 9 2 :

5 9 3 :

5 9 4  :

5 9 5 :

5 9 6 :
5 9 7  :

5 9 8 :

5 9 9 :

6 0 0 :
6 0 1 :

6 0 2 :

6 0 3 :

6 0 4 :

6 0 5 :

6 0 6 :

6 0 7 :

6 0 8 :

6 0 9 :

6 1 0 :

6 1 1 :

6 1 2 :

6 1 3 :

6 1 4 :

6 1 5 :

6 1 6 :

6 1 7 :

6 1 8 :

6 1 9 :

6 2 0 :

6 2 1 :

6 2 2 :
6 2 3 :

t o  n e x t  p e r i o d
P e r c h F l a g : = F a l s e ; / / r e s e t s  t h i s  f l a g  
g o t o  1 ;  / / s e n d s  e x e c u t i o n  b a c k  t o  l a b e l  1 a g a i n  

e n d ;

e n d ;

e n d ;  / / e n d  o f  ' f o r  k : = l  t o  t o t a l  d o '  r o u t i n e .

I n t e r v a l c o u n t e r : = I n t e r v a l C o u n t e r + l ; / / h a v i n g  r e a d  t o  e n d  o f  f i l e , t h i s  s e c t i o n  
f i l l s  i n  b l a n k  v a l u e s  s o  t h a t  o u t p u t  f i l e s  h a v e  a u n i f o r m  n u m b e r  o f  l i n e s  

i f  P e r c h F l a g = t r u e  t h e n  b e g i n / / i f  f l a g  i s  t r u e  t h e n  t h e r e  i s  r e m a i n i n g  d a t a  t o  
b e  w r i t t e n

A p p e n d ( R e s u l t s ) ;
W r i t e L n ( R e s u l t s , T o t a l P e r c h M o v e m e n t s ) ;

C l o s e F i l e ( R e s u l t s ) ;

P e r c h F l a g : = F a l s e ;

C l o s e F i l e ( F ) ; / / c l o s e s  c u r r e n t  d a t a  f i l e  a s  i t  h a s  b e e n  r e a d  t o  t h e  e n d  n o w . . .  
w h i l e  s t a r t o - l  d o  b e g i n  / / w h i l e  t h e r e  a r e  s t i l l  p e r i o d s  r e m a i n i n g  
w i t h  T i m e s i n i  d o
S t a r t : = R e a d I n t e g e r ( 1 S e c o n d G a p s ' ,

' I n t e r v a l ' T i n t T o S t r ( I n t e r v a l c o u n t e r ) T ' S t a r t ' ,  - 1 ) ;

I n t e r v a l c o u n t e r : = I n t e r v a l C o u n t e r + l ;

A p p e n d ( R e s u l t s ) ;

i f  s t a r t o - l  t h e n  W r i t e L n  ( R e s u l  t s , 0 )  ;  / / c o n t i n u e s  t o  a d d  b l a n k  l i n e s  t o
e n s u r e  u n i f o r m i t y

C l o s e F i l e ( r e s u l t s ) ;

e n d ;

P e r c h F l a g : = f a l s e ; / / e n s u r e s  t h i s  f l a g  i s  s e t  t o  f a l s e  a t  t h i s  s t a g e
i n t e r v a l c o u n t e r : = 0 ;

f o r  i : = l  t o  8 0  d o  b e g i n  / / t h i s  c o d e  c r e a t e s  t h e  f i l e  c o n t a i n i n g  c u r r e n t  
p e r i o d  s t a r t  t i m e s

/ / i t  r u n s  t h e  c o d e  80  t i m e s ,  t h i s  i s  a r b i t r a r y  a n d  e x c e e d s  m a x i m u m  n o .  o f  
p o s s i b l e  l i n e s  

w i t h  T i m e s i n i  d o
S t a r t : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,

' I n t e r v a l ' T i n t t o s t r ( I n t e r v a l c o u n t e r ) T ' S t a r t ' ,  - 1 ) ;

i f  s t a r t o - l  t h e n  W r i t e L n  ( T i m e s , ( I n t t o s t r  ( S t a r t  d i v  6 0  ) ) ) ; / / d i v i d e s  b y  60
h e n c e  m i n u t e s  

I n t e r v a l c o u n t e r : = I n t e r v a l C o u n t e r T l  ; 

e n d ;
m k l : = 0 ;  s t r :  =  " ;  t i m e S t r  : =  ' ' ;  F l a g : = F a l s e ;  P e r c h F l a g : = f a l s e ;

I n t e r v a 1 C h e c k : = F a l s e ;

t i m e : = 0 ;  / / s e t s  r e l e v a n t  v a r i a b l e s  b a c k  t o  d e f a u l t  v a l u e s  r e a d y  f o r  r e a d  o f  
n e x t  f i l e

C l o s e F i l e ( T i m e s ) ;

T o t a l : = 0 ;  I n t e r v a l c o u n t e r : = 0 ;  T o t a l P e r c h M o v e m e n t s : = 0 ;  S t a r t : = 0 ;  E n d d : = 0 ;  

/ / m o r e  r e s e t t i n g
F i l e L i s t B o x l . c o l o r : = c l w i n d o w ;  / / b r i e f l y  a l t e r s  c o l o r  o f  F i l e L i s t B o x  t o  

d e n o t e  e n d  o f  r e a d

/ / o £  r i. f  F i . J . e E x i s t  j r o u t i . n o  r

E n d ;

i f  C u r r e n t D a t e = e d i t 8 . t e x t  t h e n  g o t o  3 ; / / i f  C u r r e n t D a t e  i s  f i n i s h  d a t e  t h e n  t h i s  
c o d e  s t o p s

g o t o  2 ;  / / e l s e  i t  g o e s  b a c k  t o  l a b e l  2 t o  b e g i n  r e a d i n g  n e x t  f i l e  i n  t h e  
s e q u e n c e  

3 :

e n d ;

p r o c e d u r e  T F o r m l . R a t e O f M a s s G a i n B u t t o n C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
e d i t 5 . t e x t : =  1 d a t a  t o  c : \ M a s s G a i n R a t e ,  M G R  P r e f i x ' ;

A s s i g n F i l e ( R e s u l t s ,  ' c : \ M a s s G a i n R a t e \ M G R f e c k  ' T F i l e E d i t l . t e x t ) ; 

A s s i g n F i l e ( F ,  l a b e l l . c a p t i o n t ' X ' T F i l e E d i t l . t e x t ) ;  
r e s e t ( F ) ;



6 2 4 :  r e w r i t e ( r e s u l t s ) ;
6 2 5 :  / / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f

l i n e s .
6 2 6 :  r e a d L n ( F ,  S t r ) ;
6 2  7 :  while S t r O 1 ' do begin T o t a l : = T o t a l + l ;

6 2  8 :  / / E d i t T o t a l . t e x t : = i n t t o s t r ( t o t a l )  ;
6 2  9 :  / / E d i t T o t a l . r e f r e s h ;
6 3 0 :  R e a d L n ( F ,  S t r ) ;

6  3 1 :  end;
6 3 2 :  C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  n o .  o f  l i n e s  h e l d  i n  T o t a l .
6 3  3 :  E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ;

6 3 4 :  R e s e t ( F ) ;

6 3 5 :
6 3 6 :  for k : = l  to t o t a l  do begin / / r e a d s  t h r o u g h  e a c h  l i n e  o f  t h e  t e x t f i l e ,  t h i s  i s

t h e  ROUTINE
6 3 7 :  R e a d L n ( F ,  S t r ) ;  / / l o a d s  c u r r e n t  l i n e  o f  t e x t f i l e  i n t o  S t r  v a r i a b l e .
6 3 8 :  P r e v i o u s M a s s : = M a s s ;

6 3 9 :  P r e v i o u s T i m e : = T i m e ;

6 4 0 :
6 4 1 :  S t r L e n g t h : = L e n g t h ( s t r ) ;  / / c a l c u l a t e  l e n g t h  o f  s t r i n g
6 4 2 :  for i : = l  to S t r L e n g t h  do begin / / r e a d  e a c h  c h a r a c t e r  o f  S t r  a n d  f i n d

co mm as
6 4 3 :  if S t r [ i ] = ' , 1 then begin if f l a g = f a l s e  then begin m k l : = i ;  f l a g : = t r u e  end

else begin
6 4 4 :  m k 2 : = i ;  f l a g : = f a l s e ;  end; end; end; / / g i v e s  t h e  p o s i t i o n s  o f  t h e  tw o  comm as
6 4  5 :  c o m m a g a p : = m k 2 - m k l ;
6 4  6 :  d l : = m k l + 2 ;  d 2 : = m k l + 3 ;  d 3 : = m k l + 4 ;  d 4 : = m k l + 5 ;  d 5 : = m k l + 6 ;

6 4 7 :  if I s T i m e l n S e c o n d s ( S t r ) = t r u e  then begin
6 4  8 :  if m k l = 2  then if s t r O '  1 then t i m e S t r  : =  ' 0 1 ;

6 4 9 :  if m k l = 3  then if s t r O 1 1 then t i m e S t r  : = c o n c a t  ( s t r  [ 1  ] )  ;
6 5 0 :  if m k l = 4  then if s t r O "  then t i m e S  t r  : = c o n c a t  ( s  t r  [ 1  ] t s t r  [ 2  ] )  ;

6 5 1 :  if m k l  =  5  then if s t r O "  then t i m e S t r  : = c o n c a t  ( s t r  [ 1  ] t s t r  [ 2  ] t s t r  [ 3  ] t s t r  [ 4 ] )  ;

6 5 2 :  if m k l  =  6  then if s t r O 1 1 then
t i m e S t r : = c o n c a t ( s t r [ l ] + s t r [ 2 ] + s t r [ 3 ] + s t r [ 4 ] + s t r [ 5 ] ) ;

6 5 3 :  if m k l = 1 0  then c l o s e ;

6 5  4 : end
6 5 5 :  else / / i f  t i m e  i s  i n  m i l l i s e c o n d s  i n s t e a d  o f  s e c o n d s  i n  t h e  t e x t f i l e  
6 5 6 :  begin
6 5 7 :  if m k l < = 4  then t i m e S t r : = ' 0 ' ;
6 5 8 :  if m k l  =  5  then if s t r O '  1 then t i m e S t r  : = s t r  [ 1  ] ;
6 5 9 :  if m k l = 6  then if s t r O '  1 then t i m e S t r  : ^ c o n c a t  ( s t r  [ 1 ] t s t r  [ 2  ] )  ;

6 6 0 :  if m k l = 7  then if s t r < > ' 1 then t i m e S t r : = c o n c a t ( s t r [ 1 ] t s t r [ 2 ] t s t r [ 3 ] ) ;

6 6 1 :  if m k l  =  8 then if s t r O 1 1 then
t i m e S t r : = c o n c a t ( s t r [ l ] + s t r [ 2 ] + s t r [ 3 ] + s t r [ 4 ] ) ;

6 6 2 :  if m k l  =  9  then if s t r O '  1 then
t i m e S t r : = c o n c a t ( s t r [ l ] + s t r [ 2 ] + s t r [ 3 ] + s t r [ 4 ] + s t r [ 5 ] ) ;

6 6 3 :  if m k l  =  1 0  then if s t r O *  ' then
t i m e S t r : = c o n c a t ( s t r [ l ] + s t r [ 2 ] + s t r [ 3 ] + s t r [ 4 ] + s t r [ 5 ] + s t r [ 6 ] ) ;

6 6 4 :  end; / / o f  i f  m i l l i s e c o n d s  c o d e  r o u t i n e
6 6 5 :  if T i m e s t r O 1 1 then t i m e  : = s t r T o I n t  ( T i m e S t r ) ;

6 6 6 :
6 6 7 :  r e a l T i m e : = c o n c a t ( s t r [ m k 2 + 2 ] t s t r [ m k 2 + 3 ] t s t r [ m k 2 + 4 ] + s t r [ m k 2 + 5 ] + s t r [ m k 2 + 6 ]

6 6 8 :  t s t r [ m k 2 + 7 ] + s t r [ m k 2 + 8 ] t s t r [ m k 2 + 9 ] ) ;

6 6 9 :

6 7 0 :  if C o m m a G a p = 4  then if s t r < > ' 1 then M a s s S t r : = c o n c a t ( s t r [ d l ] t s t r [ d 2 ] ) ; / / f o r  tw o  
d i g i t  m a s s  

6 7 1 :  if C o m m a G a p = 6  then if s t r O 1 1 then
M a s s S t r : = C o n c a t ( s t r [ d l ] + s t r [ d 2 ] + s t r [ d 3 ] + s t r [ d 4 ]  ) ; / / w i t h  f o u r  

6 7 2 :  if C o m m a G a p = 7  then if s t r O 1 1 then
M a s s S t r : = C o n c a t ( s t r [ d l ] + s t r [ d 2 ] + s t r [ d 3 ] + s t r [ d 4 ] + s t r [ d 5 ] ) ;

6 7 3 :  if M a s s S t r O ' ' then m a s s : = s t r t o F l o a t ( M a s s S t r ) ;  / / c o n t a i n s  v a l u e  o f  m a s s  r e a d i n g  
f o r  c u r r e n t  l i n e  

6 7 4 :  / /  n o w  M a s s  a n d  T i m e  a r e  h e l d  i n  v a r i a b l e s  o f  t h o s e  n a m e s .
6 7  5 :  D e l t a M a s s : = M a s s - P r e v i o u s M a s s ;

6 7  6 :  D e l t a T i m e : = T i m e - P r e v i o u s T i m e ;

6 7 7 :  if D e l t a T i m e = 0  then D e l t a T i m e : = 1 ;

6 7 8 :  R a t e O f M a s s C h a n g e : = ( D e l t a M a s s  /  D e l t a T i m e ) * 1 0 0 0 0 0 ;

6 7 9 :  if i n i t i a l i s e d a l s e  then W r i t e L n ( R e s u l t s  , i n t T o S t r ( t i m e ) + 1 ,
1 t f l o a t t o s t r F ( R a t e O f M a s s C h a n g e ,  f f F i x e d ,  6 ,  0 )

6 8 0 :  + ' ,  ' t r e a l T i m e ) ;

6 8 1 :  i n i t i a l i s e : = f a l s e ;

6 8 2  :

6 8  3 :

6 8  4 :  end ;



6 8 5 :  C l o s e F i l e ( F ) ;

6 8 6 : C l o s e F i l e (R e s u l t s );
6 8 7 :  T o t a l : = 0 ;  D e l t a M a s s : = 0 ;  M a s s : = 0 ;  P r e v i o u s M a s s : = 0 ;  D e l t a t i m e : = 0 ;
6 8 8 :  P r e v i o u s T i m e : = 0 ;  R a t e O f M a s s C h a n g e : = 0 ;  I n i t i a l i s e : = t r u e ;

6 8  9 :  end;
6 9 0  :

6 9 1 :
6 9 2  :
6 9 3 :  procedure T F o r m l . B t n B a l d a t a C l i c k ( S e n d e r : T O b j e c t ) ;

6 9 4 :  var R e a l T i m e ,  o r i g i n a l F i l e N a m e : string;
6 9 5 :  begin
6 9 6 :  / / t h i s  c o d e  i s  r e a d i n g  g i a n t  ' E v e r y B a l a n c e O u t p u t ' f i l e s  a n d  p a r s i n g  t h e  d a t a
6 9 7 :  / /  h y  o n l y  a l l o w i n g  l i n e s  w i t h  o v e r  2 0  r e p e a t s  t o  b e  w r i t t e n  t o  t e x t f i l e
6 9 8 :  e d i t 5 . t e x t : = ' d a t a  t o  c : \ L R E 2  ( M o d  P r e f i x ) 1 ;
6 9 9 :  A s s i g n F i l e ( r e s u l t s , 1 c : \ L R E 2 \ M o d 1 + F i l e E d i t 1 . t e x t ) ;

7 0 0 :  R e w r i t e ( R e s u l t s ) ;

7 0 1 :  A s s i g n F i l e ( F ,  l a b e l l . c a p t i o n t 1 \ 1 + F i l e E d i t l . t e x t ) ;

7  0 2 :  r e s e t ( F ) ;

7 0 3 :  / / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f
l i n e s

7 0 4 :  r e a d L n ( F ,  S t r ) ;

7 0 5 :  while S t r O '  1 do begin T o t a l : = T o t a l  +  l ;

7  0 6 :  / / E d i t T o t a l . t e x t : = i n t t o s t r  ( t o t a l ) ;
7  0 7 :  / / E d i t T o t a l . r e f r e s h ;
7  0 8 :  R e a d L n ( F ,  S t r ) ;  end;
7 0 9 :  C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  v a r i a b l e  i s  c a l l e d  T o t a l .
7 1 0 :  E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ;

7 1 1 :  R e s e t ( F ) ;

7 1 2 :  / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  

7 1 3 :  for k : = l  to t o t a l - 1  do begin
7 1 4 :  / / r e a d s  t h r o u g h  e a c h  l i n e  o f  t h e  t e x t f i l e - R O U T I N E * * * * * * * * * * * * * *  *
7 1 5 :  P r e v i o u s M a s s S t r : = M a s s S t r ;
7 1 6 :  P r e v i o u s T i m e : = T i m e ;

7 1 7 :  r e a d L n ( F ,  S t r ) ;  / / r e a d s  l i n e  i n t o  S t r  v a r i a b l e
7 1 8 :  S t r L e n g t h : ^ L e n g t h ( S t r ) ;  / / r e a d s  s t r i n g  l e n g t h  i n t o  ' L e n g t h '  v a r i a b l e
7 1 9 :  for i : = l  to S t r L e n g t h  do begin / / f i n d s  c o m m a s ,  f o u r  o f  t h e m
7 2  0 :  if s  t  r  [ i  ] =  1 , 1 then begin
7 2 1 :  if c o m m a C o u n t = l  then begin m k l : = i ;  C o m m a C o u n t : = 2  end else
7 2 2 :  if C o m m a C o u n t = 2  then begin m k 2 : = i ;  C o m m a C o u n t : = 3  end else
7 2 3 :  if C o m m a C o u n t = 3  then begin m k 3 : = i ;  C o m m a C o u n t : = 4  end else
7 2 4 :  if C o m m a C o u n t = 4  then begin m k 4 : = i ;  C o m m a C o u n t : = 1 ; end; / / t h i s  p u t s  t h e

comma p o s i t i o n s  i n t o  m k l , 2 , 3  & 4 
7 2  5 :  end; / / o f  comma f i n d i n g  r o u t i n e
7 2 6 :  C o m m a G a p A : = m k 2 - m k l ;

7 2 7 :  C o m m a g a p B : = m k 3 - m k 2 ;
7 2  8 :  C o m m a G a p C : = m k 4 - m k 3 ;

7 2 9 :

7 3 0 :  if C o m m a G a p A = 6  then
M a s s S t r : = c o n c a t ( s t r [ m k l + 2 ] + s t r [ m k l + 3 ] t s t r [ m k l + 4 ] t s t r [ m k l + 5 ] ) ;

7  3 1 :  if s t r [ m k l + 3 ] = l  1 then if C o m m a G a p A = 7  then
7 3 2 :  M a s s S t r : = c o n c a t ( s t r [ m k l + 2 ] + s t r [ m k l + 4 ] + s t r [ m k l + 5 ] + s t r [ m k l + 6 ] ) ;

7 3 3 :  if C o m m a G a p A = 7  then
M a s s S t r : = c o n c a t ( s t r [ m k l + 2 ] + s t r [ m k l + 3 ] + s t r [ m k l + 4 ] + s t r [ m k l + 5 ] + s t r [ m k l + 6 ] ) ;

7 3 4 :  / / l a s t  f o u r  l i n e s  c r e a t e  s t r i n g  V a r i a b l e  c o n t a i n i n g  m a s s  r e a d i n g ,  i n c l u d i n g
s i g n  i f  p r e s e n t  

7 3 5 :  if m k l = 5  then if s t r < > ' 1 then t i m e S t r : = 1 0 1 ;

7 3 6 :  if m k l = 6  then if s t r O 1 1 then t i m e S t  r  : = c o n c a t  ( s  t  r  [ 1  ] ) ;

7 3 7 :  if m k l = 7  then if s t r O 1 1 then t i m e S t r  : = c o n c a t  ( s t r  [ 1  ] + s t r  [ 2  ] )  ;

7 3 8 :  if m k l = 8  then if s t r < > ' 1 then t i m e S t r : = c o n c a t ( s t r [ 1 ] t s t r [ 2 ] t s t r [ 3 ] t s t r [ 4 ] ) ;
7 3 9 :  if m k l  =  9  then if s t r O '  1 then

t i m e S t r : = c o n c a t ( s t r [ l ] + s t r [ 2 ] + s t r [ 3 ] + s t r [ 4 ] + s t r [ 5 ] ) ;

7 4 0 :  if m k l = 1 0  then c l o s e ;

7 4 1 :  if T i m e S t r O ' ' then I n t T i m e : = s t r t o i n t ( t i m e S t r ) ; / / t h i s  i s  t h e  t i m e  i n  s e c o n d s
a s  an  i n t e g e r

7 4 2 :

r e a l T i m e : = C o n c a t ( s t r [ m k 2 + 2 ] + s t r [ m k 2 + 3 ] + s t r [ m k 2 + 4 ] t s t r [ m k 2 + 5 ] t s t r [ m k 2 + 6 ] t s t r [ 

m k 2 + 7 ] +

7 4 3 :  s t r [ m k 2 + 8 ] + s t r [ m k 2 + 9 ] ) ;

7 4 4  :

7 4 5 :  P o s i t i o n B i r d : = s t r [ m k 4 + 2 ] ; / / g i v e s  e i t h e r  a ?,  F o r  D t o  d e n o t e  p o s i t i o n
7 4 6 :

7 4 7 :  if C o m m a G a p C = 3  then R e p e a t s : = s t r [ m k 3 + 2 ] ;

7 4 8 :  if C o m m a G a p C = 4  then R e p e a t s : = C o n c a t ( s t r [ m k 3 + 2 ] + s t r [ m k 3 + 3 ] ) ;
7 4 9 :  if C o m m a G a p C = 5  then R e p e a t s : = C o n c a t ( s t r [ m k 3 + 2 ] + s t r [ m k 3 + 3 ] + s t r [ m k 3 + 4 ] ) ;



7 5 0 :

7 5 1 :

7 5 2  :
7 5 3 :

7 5 4  :
7 5 5 :

7 5 6 :

7 5 7

7 5 8

7 5 9

7 6 0

7 6 1
7 6 2

7 6 3
7 6 4

7 6 5

7 6 6

7 6 7

7 6 8

7 6 9

7 7 0

7 7 1

7 7 2

7 7 3

7 7 4
7 7 5

7 7 6
7 7 7

7 7 8

7 7 9

7 8 0
7 8 1

7 8 2
7 8 3

7 8 4

7 8 5
7 8 6

7 8 7

7 8 8

7 8 9

7 9 0
7 9 1

7 9 2

7 9 3
7 9 4

7 9 5
7 9 6

7 9 7

7 9 8

7 9 9

8 0 0

8 0 1

8 0 2

8 0 3

8 0 4

8 0 5

8 0 6
8 0 7

8 0 8

8 0 9

8 1 0

8 1 1

8 1 2

8 1 3

8 1 4

8 1 5

8 1 6

if C o m m a G a p C = 6  then 
R e p e a t s : = C o n c a t ( s t r [ m k 3 t 2 ] t s t r [ m k 3 T 3 ] t s t r [ m k 3 t 4 ] t s t r [ m k 3 t 5 ] ) ;  

if C o m m a G a p C = 7  then 
R e p e a t s : = C o n c a t ( s t r [ m k 3 t 2 ] t s t r [ m k 3 + 3 ] t s t r [ m k 3 T 4 ] t s t r [ m k 3 + 5 ] t s t r [ m k 3 + 6 ] ) ;  

if C o m m a G a p c = 8  then end;
/ / F r o m  h e r e  M a s s ,  T i m e ,  P r e v i o u s M a s s , P r e v i o u s T i m e  a n d  
/ /  r e a l T i m e  a n d  P o s i t i o n  a r e  a l l  a v a i l a b l e  f o r  m a n i p u l a t i o n s

R e p e a t s I n t : = S t r T o I n t ( R e p e a t s ) ;  / / o n l y  w r i t e s  l i n e s  w i t h  o v e r  2 0  r e p e a t s  t o  n e w  
f i l e n a m e  

if R e p e a t s I n t > 2 0 then begin 
A p p e n d ( R e s u l t s ) ;

W r i t e L n ( R e s u l t s , S t r ) ;  
C l o s e F i l e ( R e s u l t s ) ;

end;
end;

m e s s a g e b e e p ( M B _ I C O N E X C L A M A T I O N ) ; T o t a l : = 0 ;

R e s e t ( F ) ;  C l o s e F i l e ( F ) ; 

end;

/ / t h i s  p r o c e d u r e  s h o u l d  b y  n o w  b e  l a r g e l y  r e d u n d a n t  a s  a l l  t h e  f i l e s  n e e d i n g  
/ /  a t t e n t i o n  a r e  n o w  s o r t e d  o u t
procedure T F o r m l . B t n C o r r e c t E r r a n t M a s s F i l e s C l i c k (S e n d e r : T O b j e c t ) ;
var R e a l T i m e ,  o r i g i n a l F i l e N a m e :string;
begin

/ / t h i s  c o d e  i s  r e a d i n g  g i a n t  ' E v e r y B a l a n c e O u t p u t ' f i l e s  a n d  s h i f t i n g  t h e  m a s s  
v a l u e s  down
/ / o n e  p l a c e ,  s u c h  t h a t  3 g o e s  t o  4 ,  4 t o  5 e t c .  . . 
e d i t 5 . t e x t : = ' D a t a  i n  c : \ L R E 2 a 1 ;
C o m m a c o u n t : = 1 ;

A s s i g n F i l e ( r e s u l t s ,  ' c : \ L R E 2 a \ 1 T F i l e E d i t l . t e x t ) ;

R e w r i t e ( R e s u l t s ) ;

A s s i g n F i l e ( F ,  l a b e l 1 . c a p t i o n t ' \ 1 T F i l e E d i t l . t e x t ) ; 

r e s e t ( F ) ;

/ / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  
l i n e s
r e a d L n ( F ,  S t r ) ;

while S t r O 11 do begin T o t a l := T o t a l T l ;
/ / E d i t T o t a l . t e x t : = i n t t o s t r ( t o t a l )  ;
/ / E d i t T o t a l . r e f r e s h ;

R e a d L n ( F ,  S t r ) ;  end;
C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  v a r i a b l e  i s  c a l l e d  T o t a l .
E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ;

R e s e t ( F ) ;

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
for k : = l  to t o t a l - 1  do begin 

/ / r e a d s  t h r o u g h  e a c h  l i n e  o f  t h e  t e x t f i l e - R O U T I N E * * * * * * * * * * * * * * *  
P r e v i o u s M a s s S t r : ^ M a s s S t r ;

P r e v i o u s T i m e : = T i m e ;

r e a d L n ( F ,  S t r ) ;  / / r e a d s  l i n e  i n t o  S t r  v a r i a b l e
S t r L e n g t h : = L e n g t h ( S t r ) ;  / / r e a d s  s t r i n g  l e n g t h  i n t o  ' L e n g t h '  v a r i a b l e
for i : = l  to S t r L e n g t h  do begin / / f i n d s  c o m m a s ,  f o u r  o f  t h e m
if str[i ]=',1 then begin

if c o m m a C o u n t = l  then begin m k l : = i ;  C o m m a C o u n t := 2  end else 
if C o m m a C o u n t = 2  then begin m k 2 : = i ;  C o m m a C o u n t := 3  end else 
if C o m m a C o u n t = 3  then begin m k 3 : = i ;  C o m m a C o u n t := 4  end else 
if C o m m a C o u n t = 4  then begin m k 4 : = i ;  C o m m a C o u n t : = 1 ; end; / / t h i s  p u t s  t h e  

comma p o s i t i o n s  i n t o  m k l , 2 , 3  & 4
end; / / o f  comma f i n d i n g  r o u t i n e

C o m m a G a p A : = m k 2 - m k l ;

C o m m a g a p B : = m k 3 - m k 2 ;
C o m m a G a p C : = m k 4 - m k 3 ;

if C o m m a G a p A = 6  then 
M a s s S t r : = c o n c a t ( s t r [ m k l t 2 ] t s t r [ m k l t 3 ] t s t r [ m k l t 4 ] t s t r [ m k l t 5 ] ) ;  

if s t r [ m k l t 3 ] = '  ' then if C o m m a G a p A = 7  then 
M a s s S t r : = c o n c a t ( s t r [ m k l T 2 ] T s t r [ m k l T 4 ] T s t r [ m k l T 5 ] T s t r [ m k l T 6 ] ) ;  

if C o m m a G a p A = 7  then



8 1 7  :

8 1 8  :

8 1 9  :

8 2 0  : 

8 2 1  : 

8 2 2  :

8 2 3  :

8 2 4  :

8 2 5  :

8 2 6  :
8 2 7  :

8 2 8  :

8 2 9  :

8 3 0  :
8 3 1  :

8 3 2  :

8 3 3  :

8 3 4  :

8 3 5  :

8 3 6  :

8 3 7  :

8 3 8  :

8 3 9  :
8 4 0  :

8 4 1  :
8 4 2  :

8 4 3

8 4 4  
8 4  5

8 4 6
8 4 7

8 4 8

8 4 9

8 5 0

8 5 1

8 5 2
8 5 3

8 5 4
8 5 5

8 5 6
8 5 7

8 5 8

8 5 9

8 6 0  

8 6 1  

8 6 2

8 6 3

8 6 4

8 6 5

866
8 6 7

868
8 6 9

8 7 0

8 7 1

8 7 2
8 7 3

8 7 4

8 7 5
8 7 6

M a s s S t r : = c o n c a t ( s t r [ m k l + 2 ] + s t r [ m k l +  3 ] i s t r [ m k l  +  4 ] + s t r [ m k l  +  5 ] i s t r [ m k l  +  6 ] ) ;

/ / l a s t  f o u r  l i n e s  c r e a t e  s t r i n g  V a r i a b l e  c o n t a i n i n g  m a s s  r e a d i n g , i n c l u d i n g  
s i g n  i f  p r e s e n t

if m k l  =  5  then if s t r O "  then t i m e S t r  : = c o n c a t  ( s t r  [ 1  ] t s t r  [ 2  ] t s t r  [ 3  ] t s t r  [ 4 ] )  ; 

if m k l  =  6  then if s t r O '  ' then
t i m e S t r : = c o n c a t ( s t r [ l ] + s t r [ 2 ] + s t r [ 3 ] + s t r [ 4 ] + s t r [ 5 ]  ) ;

if m k l  =  7 then if s t r O '  ' then 
t i m e S t r : = c o n c a t ( s t r [ l ] t s t r [ 2 ] i s t r [ 3 ] i s t r [ 4 ] t s t r [ 5 ] i s t r [ 6 ]  ) ;

if m k l = 8  then if s t r < > ' ' then 
t i m e S t r : = c o n c a t ( s t r [ l ] t s t r [ 2 ] t s t r [ 3 ] t s t r [ 4 ] t s t r [ 5 ] t s t r [ 6 ] t s t r [ 7 ]  ) ;

if m k l  =  9  then if s t r O 1 ' then 
t i m e S t r : = c o n c a t ( s t r [ l ] t s t r [ 2 ] t s t r [ 3 ] t s t r [ 4 ] t s t r [ 5 ] t s t r [ 6 ] t s t r [ 7 ] t s t r [ 8 ]  ) ; 

if m k l = 1 0  then c l o s e ;  
if T i m e S t r O ' 1 then I n t T i m e : = s t r t o i n t ( t i m e S t r ) ; / / t h i s  i s  t h e  t i m e  i n  s e c o n d s  a s  

an  i n t e g e r

r e a l T i m e : = C o n c a t ( s t r [ m k 2 + 2 ] + s t r [ m k 2 + 3 ] t s t r [ m k 2 + 4 ] + s t r [ m k 2 + 5 ] t s t r [ m k 2 + 6 ] + s t r [ 

m k 2 + 7 ] +
s t r [ m k 2 + 8 ] + s t r [ m k 2 + 9 ] ) ;

P o s i t i o n B i r d : = s t r [ m k 4 + 2 ] ; / / g i v e s  e i t h e r  a ?,  F o r  D t o  d e n o t e  p o s i t i o n

if C o m m a G a p C = 3  then R e p e a t s := s t r [ m k 3 + 2 ]; 
if C o m m a G a p C = 4  then R e p e a t s := C o n c a t (s t r [ m k 3 + 2 ]t s t r [ m k 3 + 3 ]); 
if C o m m a G a p C = 5  then R e p e a t s := C o n c a t (s t r [ m k 3 + 2 ]t s t r [ m k 3  + 3 ]t s t r [ m k 3  + 4 ]) ; 
if C o m m a G a p C = 6  then 

R e p e a t s : = C o n c a t ( s t r [ m k 3 + 2 ] + s t r [ m k 3 + 3 ] + s t r [ m k 3 + 4 ] + s t r [ m k 3 + 5 ] ) ;

if C o m m a G a p C = 7  then 
R e p e a t s : = C o n c a t ( s t r [ m k 3 + 2 ] + s t r [ m k 3 + 3 ] + s t r [ m k 3 + 4 ] + s t r [ m k 3 + 5 ] + s t r [ m k 3 + 6 ] ) ;  

if C o m m a G a p c = 8  then end;
/ / F r o m  h e r e  M a s s ,  T i m e ,  P r e v i o u s M a s s , P r e v i o u s T i m e  a n d  
/ /  r e a l T i m e  a n d  P o s i t i o n  a r e  a l l  a v a i l a b l e  f o r  m a n i p u l a t i o n s

if PreviousMassStrO1 1 then begin
A p p e n d ( r e s u l t s ) ;

if s t r T o I n t ( r e p e a t s ) > 2 0  then
w r i t e L n ( R e s u l t s , t i m e s t r + ' ,  1 + P r e v i o u s m a s s S t r + 1 , ' + R e a l t i m e t 1 , ' t R e p e a t s t 1 ,

1 t P o s i t i o n B i r d ) ;
C l o s e F i l e ( R e s u l t s )  ;

end;

end;
m e s s a g e b e e p ( M B _ I C O N E X C L A M A T I O N ) ;

T o t a l : = 0 ;  C o m m a C o u n t : = 1 ;  m k l : = 0 ;  m k 2 : = 0 ;  m k 3 : = 0 ;  m k 4 : = 0 ;  

end;

p r o c e d u r e  T F o r m l . B t n C o r l e c t D r i f t C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
B t n C o r r e c t D r i  f t . d e f a u l t : = t r u e ;
B t n C o r r e c t D r i  f t . e n a b l e d : = f a l s e ;

/ / t h i s  c o d e  i s  r e a d i n g  m a s s  f i l e s  a n d  s e p a r a t i n g  d r i f t  f r o m  a c t u a l  m a s s  
r e a d i n g s .

e d i t 5 . t e x t : =  1 d a t a  t o  c : \ M a s s D a t a ,  D C  p r e f i x ' ;

A s s i g n F i l e ( r e s u l t s , 1 c : \ M a s s D a t a \ D C ' t F i l e E d i t l . t e x t ) ;

R e w r i t e ( R e s u l t s ) ;
C l o s e F i l e ( R e s u l t s ) ;

A s s i g n F i l e ( F ,  l a b e l l . c a p t i o n t ' \ 1 t F i l e E d i t l . t e x t ) ;  

r e s e t ( F ) ;

/ / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  
l i n e s
r e a d L n ( F ,  S t r ) ;

w h i l e  S t r O '  1 d o  b e g i n  T o t a l : = T o t a l t l ;

/ / E d i t T o t a l . t e x t : - i n t t o s t r  ( t o t a l )  ;
/ / E d i t T o t a l . r e f r e s h ;

R e a d L n ( F ,  S t r ) ;  e n d ;

C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  v a r i a b l e  i s  c a l l e d  T o t a l .
E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ;

R e s e t ( F ) ;

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
f o r  k : = l  t o  t o t a l  { - 1 }  d o  b e g i n  

P r e v i o u s T i m e : = I n t T i m e ;
P r e v i o u s M a s s : = M a s s ;



8 7 7  : / / r e a d s  t h r o u g h  e a c h  l i n e  o f  t h e  t e x t f i l e - R O U T I N E * * * * * * * * * * * * * * *
8 7 8  :

8 7 9 :  r e a d L n ( F ,  S t r ) ;  / / r e a d s  l i n e  i n t o  S t r  v a r i a b l e
8 8 0 :  S t r L e n g t h : = L e n g t h ( S t r ) ;  / / r e a d s  s t r i n g  l e n g t h  i n t o  ' L e n g t h '  v a r i a b l e  
8 8 1  :

8 8 2  :
8 8 3 :  for i : = l  to S t r L e n g t h  do begin// f i n d s  c o m m a s ,  f o u r  o f  t h e m  
8 8 4 :  if s t r [ i ] = 1, 1 then begin
8 8 5 :  if c o m m a C o u n t = l  then begin m k l : = i ;  C o m m a C o u n t : = 2  end else
8 8 6 :  if C o m m a C o u n t = 2  then begin m k 2 : = i ;  C o m m a C o u n t : = 3  end else
8 8 7 :  if C o m m a C o u n t = 3  then begin m k 3 : = i ;  C o m m a C o u n t : = 4  end else
8 8 8 :  if C o m m a C o u n t = 4  then begin m k 4 : = i ;  C o m m a C o u n t : = 1 ; end; / / t h i s  p u t s  t h e

comma p o s i t i o n s  i n t o  m k l , 2 , 3  & 4 
8 8 9 :  end; end; / / o f  comma f i n d i n g  r o u t i n e
8 9 0 :  C o r n m a G a p A :  = m k 2 - m k l ;

8 9 1 :  C o m m a g a p B : = m k 3 - m k 2 ;
8 9 2 :  C o m m a G a p C : = m k 4 - m k 3 ;

8 9 3  :
8 9 4 :  if c o m m a G a p A = 7  then if s t r [ m k l + 3 ] = 1 ' then
8 9 5 :  M a s s S t r : = c o n c a t ( s t r [ m k l + 4 ] t s t r [ m k l + 5 ] t s t r [ m k l + 6 ] ) else
8 9 6 :  M a s s S t r : = c o n c a t ( s t r [ m k l + 3 ] + s t r [ m k l + 4 ] + s t r [ m k 1 + 5 ] + s t r [ m k l + 6 ] ) ;

8 9 7 :  M a s s : = s t r t o f l o a t ( M a s s S t r ) ;

8 9 8 :  if s t r [ m k l + 2 ]  =  1 -  1 then M a s s : = M a s s * - l ;

8 9 9 :  if C o m m a G a p A < > 7  then c l o s e ;  / / s t o p s  p r o g r a m  i f  d i g i t s  a r e  n o t  i n
s t a n d a r d  f o r m a t

9 0 0  :

9 0 1  :

9 0 2 :  if m k l  =  5  then if s t r < > ' 1 then t i m e S t r : = ' 0 ' ;
9 0 3 :  if m k l  =  6  then if s t . r < >  11 then t i m e S t r : = c o n c a t ( s t r  [ 1 ] )  ;

9 0 4 :  if m k l = 7  then if s t r O 1 1 then t i m e S t r : = c o n c a t ( s t r [ 1 ] + s t r [ 2 ] ) ;

9 0 5 :  if m k l = 8  then if s t r O '  ' then t i m e S t r  : = c o n c a t  ( s  t  r  [ 1 ] + s t r  [ 2  ] + s  t  r  [ 3  ] + s  t r  [ 4 ] ) ;

9 0 6 :  if m k l  =  9  then if s t r O 1 ' then
t i m e S t r : = c o n c a t ( s t r [ l ] + s t r [ 2 ] + s t r [ 3 ] + s t r [ 4 ] + s t r [ 5 ]  ) ;

9 0 7 :  if m k l = 1 0  then c l o s e ;

9 0 8 :  if T i m e S t r o ' ' then I n t T i m e : = s t r t o i n t ( t i m e S t r ) ; / / t h i s  i s  t h e  t i m e  i n  s e c o n d s
a s  an  i n t e g e r

9 0 9  :
r e a l T i m e : = C o n c a t ( s t r [ m k 2 + 2 ] + s t r [ m k 2 + 3 ] + s t r [ m k 2 + 4 ] + s t r [ m k 2 + 5 ] + s t r [ m k 2 + 6 ] + s t r [ 

m k 2 + 7 ] +

9 1 0 :  s t r [ m k 2 + 8 ] + s t r [ m k 2 + 9 ] ) ;

9 1 1 :

9 1 2 :  P o s i t i o n B i r d : = s t r [ m k 4 + 2 ] ; / / g i v e s  e i t h e r  a ?,  F o r  D t o  d e n o t e  p o s i t i o n
9 1 3 :

9 1 4 :  if C o m m a G a p C = 3  then R e p e a t s : = s t r [ m k 3 + 2 ] ;

9 1 5 :  if C o m m a G a p C = 4  then R e p e a t s : = C o n c a t ( s t r [ m k 3 + 2 ] + s t r [ m k 3 + 3 ] ) ;

9 1 6 :  if C o m m a G a p C = 5  then R e p e a t s : = C o n c a t ( s t r [ m k 3 + 2 ] + s t r [ m k 3 + 3 ] + s t r [ m k 3 + 4 ] ) ;

9 1 7 :  if C o m m a G a p C = 6  then
R e p e a t s : = C o n c a t ( s t r [ m k 3 + 2 ] + s t r [ m k 3 + 3 ] + s t r [ m k 3 + 4 ] + s t r [ m k 3 + 5 ] ) ;

9 1 8 :  if C o m m a G a p C = 7  then
R e p e a t s : ^ C o n c a t ( s t r [ m k 3 + 2 ] + s t r [ m k 3 + 3 ] + s t r [ m k 3 + 4 ] + s t r [ m k 3 + 5 ] + s t r [ m k 3 + 6 ] ) ;

9 1 9 :  if C o m m a G a p c = 8  then R e p e a t s : =  1 1 0 0 0 0  1 ;

9 2 0 :  if r e p e a t s O '  ' then R e p e a t s E x t : = s t r t o f l o a t ( r e p e a t s ) ;

9 2 1 :  / / F r o m  h e r e  M a s s ,  P r e v i o u s M a s s ,  I n t T i m e ,  a n d
9 2 2 :  / /  r e a l T i m e ,  R e p e a t s E x t  a n d  P o s i t i o n B i r d  a r e  a l l  a v a i l a b l e  f o r  m a n i p u l a t i o n s
9 2 3 :

9 2 4 :  P r e v i o u s B i r d M a s s : = B i r d M a s s ;

9 2 5 :  D i f f e r e n c e : = m a s s - P r e v i o u s M a s s ;

9 2 6 :  if D i f f e r e n c e > = 1 0  then begin
9 2 7 :  T a r e V a l u e : = P r e v i o u s M a s s ;

9 2 8 :  B i r d M a s s : = M a s s - T a r e V a l u e ;

9 2 9 :  N e w B i r d M a s s F l a g : = T r u e ;

9 3 0 :  end else
9 3 1 :  if D i f f e r e n c e < = - 1 0  then begin
9 3 2 :  T a r e V a l u e : = M a s s ;

9 3 3  : B i r d M a s s : = P r e v i o u s M a s s - T a r e V a l u e ;

9 3 4 :  N e w B i r d M a s s F l a g : = T r u e ;

9 3 5 :  end else
9 3 6 :  if A b s ( D i f f e r e n c e ) < 5  then if a b s ( D i f f e r e n c e ) > 0  then if M a s s - T a r e V a l u e > = 1 0

then
9 3 7 :  begin
9 3 8 :  B i r d M a s s : = M a s s - T a r e V a l u e ;

9 3 9 :  if R e p e a t s E x t > 2 0  then N e w B i r d M a s s F l a g : = T r u e  else
N e w B i r d M a s s F l a g : = F a l s e ; / / / / / / / / /

9 4 0 :  end else



9 4 1
9 4 2

9 4 3

9 4 4

9 4 5
9 4 6
9 4 7

9 4 8
9 4 9
9 5 0

9 5 1

9 5 2
9 5 3
9 5 4

9 5 5

9 5 6
9 5 7

9 5 8

9 5 9

9 6 0

9 6 1

9 6 2

9 6 3

9 6 4

9 6 5

9 6 6
9 6 7

9 6 8

9 6 9

9 7 0

9 7 1

9 7 2

9 7 3
9 7 4

9 7 5 :

9 7 6 :

9 7 7 :

9 7 8 :

9 7 9

9 8 0

9 8 1

9 8 2

9 8 3

9 8 4
9 8 5

9 8 6 :

9 8 7 :

9 8 8

9 8 9

9 9 0

9 9 1  

9  9 2

9 9 3

9 9 4

9 9 5

9 9 6
9 9 7

9  9 8  

9 9 9  

100 0  
1001

10  0 2 : 

1 0 0 3 :

NewBirdMassFlag:=False;

if NewBirdMassFlag=True then 
if ( IntTime-PreviousTime)> 0  then 
if (a b s (BirdMass-PreviousBirdMass)/(IntTime-PreviousTime))< 0 . 1 then 

begin
Append(results);
WriteLn(Results, InttoStr(IntTime)+', 'TFloattoStr(BirdMass)+', 'tRealTime;
CloseFile(Results);
end;

e n d ;

m e s s a g e b e e p ( M B  I C O N E X C L A M A T I O N ) ;  b t n c o r r e c t d r i f t . e n a b l e d : = t r u e ;

R e s e t ( F ) ;  C l o s e F i l e ( F ) ;
T o t a l : = 0 ;  C o m m a C o u n t : = 1 ;  m k l : = 0 ;  m k 2 : = 0 ;  m k 3 : = 0 ;  m k 4 : = 0 ; C o m m a G a p A : = 0 ;  

C o m m a G a p B : = 0 ;  C o m m a G a p C : = 0 ;  

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n C o m b i n e F i l e s C l i c k ( S e n d e r : T O b j e c t ) ;

v a r  T e m p o r a r y L o c a l e ,  F i l e B e i n g A d d e d ,  A c c u m u l a t e d R e s u l t s : t e x t f i l e ;

S t r N e w ,  S t r C u m  : S t r i n g ;  

b e g i n
m e s s a g e B e e p ( 0 ) ;

b t n T r a n s  f o r m F i l e . D e f a u l t : = f a l s e  ;
B u t t o n C o m b i n e F i l e s . d e f a u l t : = t r u e ; / / m a k e s  t h i s  t h e  d e f a u l t  c o n t r o l  
e d i t 5 . t e x t : = 1 N e w  f i l e  i n  c : \ T e m p ' ;  / / i n d i c a t e s  l o c a t i o n  o f  r e s u l t s  f i l e  
F i l e L i s t B o x l . c o l o r : = c l a q u a ; F i l e L i s t B o x l . r e f r e s h ; / / f l a s h e s  t h e  l i s t  b o x  
A s s i g n f i l e ( T e m p o r a r y L o c a l e ,  1 c : \ T e m p \ t e m p . t x t ' ) ; / / s e t s  up  t e m p o r a r y  f i l e  

l o c a t i o n
A s s i g n F i l e ( F i l e B e i n g A d d e d ,  l a b e l l . c a p t i o n t ' \ ' t F i l e E d i t l . t e x t ) ; / / n a m e  o f  f i l e  

b e i n g  a d d e d
A s s i g n F i l e ( A c c u m u l a t e d R e s u l t s , 1 c : \ T e m p \ ' + E d i t 4 . t e x t t t x t ' ) ;  / / n a m e  o f

A c c u m u l a t e d  f i l e  
i f  F i l e E x i s t s ( ' c : \ T e m p \ ' + E d i t 4 . t e x t t t x t ' )  = f a l s e  t h e n  

r e w r i t e ( A c c u m u l a t e d R e s u l t s ) ; r e s e t ( A c c u m u l a t e d R e s u l t s ) ; / / i f  f i l e  i s  n e w
t h e n  i t  i s  c r e a t e d  a n d  s e t  r e a d y  f o r  w r i t i n g
i f  F i l e E x i s t s ( ' c : \ T e m p \ t e m p ' )  = f a l s e  t h e n  / / i f  f i l e  e x i s t s  a l r e a d y  t h e n  t h e  
t e m p o r a r y  l o c a t i o n  i s  r e s e t  i n s t e a d  

r e w r i t e ( T e m p o r a r y L o c a l e )  ;  r e s e t ( T e m p o r a r y L o c a l e ) ;  

i f  F i l e E x i s t s ( l a b e l l . c a p t i o n t ' \ 1 t F i l e E d i t l . t e x t ) = f a l s e  t h e n  

r e w r i t e ( F i l e B e i n g A d d e d )  ;  r e s e t ( F i l e B e i n g A d d e d ) ;

/ / a l l  f i l e s  a r e  p r e s e n t l y  o p e n  f o r  r e a d i n g  a n d  w r i t i n g
s t r N e w : = ' a n y t h i n g b u t n o t h i n g ' ; / / s e t s  t h i s  s t r i n g  t o  an  a r b i t r a r y  n o n - z e r o  v a l u e  
W h i l e  S t r N e w o '  1 d o  b e g i n / / w h i l e  s t i l l  r e a d i n g  f r o m  t h e  F i l e B e i n g A d d e d  t h i s  

c o d e  c o n t i n u e s  t o  f i r e  
R e a d L n (A c c u m u l a t e d R e s u l t s , S t r C u m ) ; / / r e a d  f i r s t  l i n e  o f  A c c u m u l a t e d  f i l e  i n t o  

m e m o r y
R e a d L n ( F i l e B e i n g A d d e d ,  S t r N e w ) ; / / r e a d  f i r s t  l i n e  o f  A d d e d F i l e  i n t o  m e m o r y  
A p p e n d  ( T e m p o r a r y L o c a l e )  ; i f  S t r N e w O '  1 t h e n / / w r i t e s  a c c u m u l a t e d  s t r i n g , p l u s  

l i n e  f r o m  F i l e B e i n g A d d e d ,  i n t o  t h e  t e m p ,  l o c a t i o n  
i f  S t r C u m O '  1 t h e n  W r i t e L n  ( T e m p o r a r y L o c a l e , S t r C u m t ' ;  ' t s t r N e w )  

e l s e  { i f  n o  p r e v i o u s  C u m u l a t i v e  d a t a }  W r i t e L n ( T e m p o r a r y L o c a l e ,  s t r N e w ) ;  
C l o s e F i l e ( T e m p o r a r y L o c a l e ) ;  

e n d ;

C l o s e F i l e ( A c c u m u l a t e d R e s u l t s  ) ;

R e w r i t e ( A c c u m u l a t e d R e s u l t s ) ;

R e s e t ( T e m p o r a r y L o c a l e )  ;

S t r N e w : = ' A n y t h i n g B u t N o t h i n g 1; / / a g a i n  s e t s  t h i s  s t r i n g  t o  an  a r b i t r a r y  n o n - z e r o  
v a l u e
W h i l e  S t r N e w o ' 1 d o  b e g i n

R e a d L n ( T e m p o r a r y L o c a l e ,  S t r N e w ) ; / / r e a d s  f i r s t  l i n e  f r o m  T e m p o r a r y  f i e  
A p p e n d ( A c c u m u l a t e d R e s u l t s ) ;  / / o p e n s  r e s u l t s  f i l e  f o r  a p p e n d i n g  

i f  S t r N e w o '  ' t h e n  W r i t e L n  ( A c c u m u l a t e d R e s u l t s , S t r N e w )  ; / / w r i t e s  e a c h  l i n e  
f r o m  Temp t o  r e s u l t s  f i l e

C l o s e F i l e ( A c c u m u l a t e d R e s u l t s ) ; 

e n d ;
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r e w r i t e ( T e m p o r a r y L o c a l e ) ; / / c l e a r s  t e m p o r a r y  f i l e  f o r  n e x t  c y c l e  
C l o s e F i l e ( T e m p o r a r y L o c a l e ) ;

C l o s e F i l e ( F i l e B e i n g A d d e d ) ;
F i l e L i s t B o x l . c o l o r : = c l w i n d o w ;  f i l e L i s t B o x l . r e f r e s h ;

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n A w a r d P e r c h S c o r e C l i c k ( S e n d e r : T O b j e c t ) ;  

l a b e l  1 ;  l a b e l  2 ;  l a b e l  3 ;
v a r  C u r r e n t D a t e ,  P r e v i o u s D u r a t i o n  : S t r i n g ;  t o t a l h o p G a p ,  t o t a l i s e r : e x t e n d e d ;

b e g i n
2  :
d u r a t i o n : = ' 0 ' ;  

t o t a l i s e r : = 0 ;

C u r r e n t D a t e : = e d i t 6 . t e x t ; / / s e t s  s t a r t i n g  d a t e  u s i n g  d e f a u l t  v a l u e  

F i l e L i s t B o x l . c o l o r : = c l w h i t e ; f i l e l i s t b o x l . r e f r e s h ;

C a g e N u m b e r : = C a g e N u m b e r + l ; i f  C a g e N u m b e r = 9  t h e n  / / i f  C a g e N u m b e r  = 9 t h e n  r e v e r t  
b a c k  t o  1 a g a i n
b e g i n  C a g e N u m b e r : = 1 ;  C u r r e n t D a t e : = N e x t D a y O f Y e a r ( C u r r e n t D a t e ) ;  e n d ;  

e d i t 7 . t e x t : = l a b e l l . c a p t i o n t ' \ 1 + ' P e r c h  ' t l n t T o S t r ( C a g e N u m b e r ) t '

[ ' t e d i t 6 . t e x t t 1 ] 1 ;

e d i t 7 . r e f r e s h ;  / / d i s p l a y s  t h e  f i l e  ( w i t h  f i l e p a t h )  c u r r e n t l y  b e i n g  p a r s e d  
( i f  i t  e x i s t s )

e d i t 6 . t e x t : = C u r r e n t D a t e ; e d i t 6 . r e f r e s h ;  / / d i s p l a y s  t h e  c u r r e n t  d a t e  b e i n g  r e a d  
i f  F i l e E x i s t s ( l a b e l l . c a p t i o n t ' \ ' + ' P e r c h ' + I n t T o S t r ( C a g e N u m b e r ) t '

[ ' t e d i t 6 . t e x t t ' ] . t x t ' )

/ / c h e c k s  w h e t h e r  f i l e  e x i s t s  o r  n o t ,  i f  s o  t h e n  t h e  c o d e  b e l o w  i s  e x e c u t e d  
t h e n  b e g i n

a s s i g n F i l e ( F ,  l a b e l l . c a p t i o n t 1 \ ' t ' P e r c h ' t l n t T o S t r ( C a g e N u m b e r ) t '

[ 1 t e d i t 6 . t e x t t ' ] . t x t ' ) ;

e d i t 5 . t e x t : = ' D a t a  t o  c : \ P a r s e d P e r c h D a t a ,  w i t h  A l t .  p r e f i x ' ; / / i n d i c a t e s  p a t h  t o  
r e s u l t s

i n t e r v a l c o u n t e r : = 0 ;  D i s p l a y V a l u e : = 0 ;  T o t a l D i s p l a y V a l u e : = 0 ;  / / r e s e t s  s o m e  
v a r i a b l e s
B u t t o n A w a r d P e r c h S c o r e . d e f a u l t : = t r u e ; / / m a k e s  t h i s  t h e  d e f a u l t  c o n t r o l  

A s s i g n F i l e ( t i m e s , ' c : \ P a r s e d P e r c h D a t a \ C u r r e n t  T i m e  D i v i s i o n s  ( M i n s ) . t x t ' ) ;

A s s i g n F i l e ( R e s u l t s , ' c : \ P a r s e d P e r c h D a t a \ A l t 1 . P e r c h  ' t I n t T o S t r ( C a g e N u m b e r ) t '

[ ' t C u r r e n t D a t e t ' ] . t x t ' ) ; ;

/ /  A s s i g n F i l e  ( F , l a b e l l  . c a p t i o n !  ' \ ' - t F i l e E d i t l . t e x t )  ; 
r e s e t ( F ) ;  / / r e s e t s  s o u r c e  f i l e  r e a d y  f o r  r e a d i n g  
r e w r i t e ( r e s u l t s ) ; / / c l e a r s  r e s u l t s  f i l e  r e a d i n g  f o r  w r i t i n g  
R e w r i t e ( t i m e s ) ;

/ / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  l i n e s .  
r e a d L n ( F ,  S t r ) ;

F i l e L i s t B o x l . c o l o r : = c l l i m e ; f i l e l i s t b o x l . r e f r e s h ; / / f l a s h e s  l i s t  b o x  t o  d e n o t e  
f i n i s h

w h i l e  S t r O ' 1 d o  b e g i n  T o t a l : = T o t a l + l ;

/ / E d i t T o t a l . t e x t : = i n t t o s t r  ( t o t a l )  ;
/ / E d i t T o t a l . r e f r e s h ;

R e a d L n ( F ,  S t r ) ;

e n d ;

C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  n o .  o f  l i n e s  h e l d  i n  T o t a l .
E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ; / / d i s p l a y s  t o t a l  n o .  o f  l i n e s  
R e s e t ( F ) ;  / / r e s e t s  d a t a  t e x t f i l e  f o r  n e x t  r e a d  o f  v a l u e s  

/ / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

f o r  k : = l  t o  t o t a l  d o  b e g i n  / / r e a d s  t h r o u g h  e a c h  l i n e  o f  t h e  t e x t f i l e ,  t h i s  i s  
t h e  ROUTINE

R e a d L n ( F ,  S t r ) ;  / / l o a d s  c u r r e n t  l i n e  o f  t e x t f i l e  i n t o  S t r  v a r i a b l e .  
C o m m a F l a g : = 1 ; / / s e t s  d e f a u l t  v a l u e

f o r  i : = l  t o  L e n g t h ( s t r )  d o  b e g i n / /  r e a d s  e a c h  c h a r a c t e r  o f  w h o l e  s t r i n g  i n  
t u r n  .

i f  s t r [ i ] = ' , ' t h e n  b e g i n

i f  C o m m a f l a g = l  t h e n  b e g i n  m k l : = i ;  C o m m a f l a g : = 2  e n d  e l s e  

i f  C o m m a f l a g = 2  t h e n  b e g i n  m k 2 : = i ;  C o m m a f l a g : = 3  e n d  e l s e  

i f  C o m m a f l a g = 3  t h e n  b e g i n  m k 3 : = i ; C o m m a f l a g : = l  e n d ;

e n d ;  e n d ;  / / a b o v e  r o u t i n e  f i n d s  t h e  p o s i t i o n s  o f  t h e  commas

C o m m a G a p : = m k 2 - m k l ; / / c a l c u l a t e s  t h e  d i s t a n c e  b e t w e e n  t h e  t w o  co m m a s .



1 0 6 7 :  i f  C o m m a G a p = 9  t h e n
t i m e S t r : = c o n c a t ( s t r [ 4 ] + s t r [ 5 ) + s t r [ 6 ] + s t r [ 7 ] + s t r [ 8 ] + s t r [ 9 ] + s t r [ 1 0 j ) ;

1 0 6 8 :  i f  C o m m a G a p = 1 0  t h e n
t i m e S t r : = c o n c a t ( s t r [ 4 ] + s t r [ 5 ] + s t r [ 6 ] + s t r [ 7 ] + s t r [ 8 ] + s t r [ 9 ] + s t r [ 1 0 ] + s t r [ l l ]  ) ; 

1 0 6 9 :  P r e v i o u s T i m e : = T i m e A ; / / k e e p s  a r u n n i n g  r e c o r d  o f  p r e v i o u s  t i m e  v a l u e  
1 0 7 0 :  i f  T i m e S t r O 1 1 t h e n  T i m e A : = s t r T o I n t ( T i m e S t r ) ;  / / t h i s  i s  t h e  t i m e  i n  

m i l l i s e c o n d s .
1 0 7 1 :  H o p G a p : = T i m e A - P r e v i o u s T i m e ; / / T i m e  i n  m i l l i s e c o n d s  b e t w e e n  p r e s e n t  a n d  p r e v i o u s  

h o p s
1 0 7 2 :  i f  H o p G a p < = 0  t h e n  H o p G a p : = 1 ; / / p r e v e n t s  d i v i d e  b y  z e r o  e r r o r s , l m s  i s  a 

n e g l i g i b l e  v a l u e
1 0 7 3 :  P r e v i o u s P e r c h I D : = P e r c h I D ; / / k e e p s  a r u n n i n g  n o t e  o f  w h i c h  p e r c h  was  a c t i v e
1 0 7 4 :  P e r c h I D : = s t r [ 1 ] ;  / / I d e n t i t y  o f  p e r c h  w h i c h  i s  d e p r e s s e d
1 0 7 5 :  P r e v i o u s D u r a t i o n : = D u r a t i o n ; / / k e e p s  n o t e  o f  p r e v i o u s  d u r a t i o n  v a l u e
1 0 7 6 :  d u r a t i o n : = ' ' ;  / / c l e a r s  d u r a t i o n s  s t r i n g  p r i o r  t o  w r i t i n g  a n e w  v a l u e  i n t o  i t
1 0 7 7 :  f o r  j : = m k 3 + 2  t o  L e n g t h ( S t r )  d o

1 0 7 8 :  d u r a t i o n : = d u r a t i o n + S t r [ j ] ; / / g i v e s  s t r i n g  ' D u r a t i o n '  w i t h  d u r a t i o n  i n  M s e c s
1 0 7 9 :  T i m e : = a b s ( T i m e A  d i v  1 0 0 0 ) ;  / / c o n v e r t s  t i m e  i n t o  s e c o n d s  i n  r e a d i n e s s  f o r  n e x t  

s e c t i o n  o f  c o d e
1 0 8 0  * / / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
1 0 8 1 :  1 :

1 0 8 2 :  w i t h  T i m e s i n i  d o  b e g i n / / r e f e r s  t o  . i n i  f i l e  f o r  s t a r t  a n d  f i n i s h  t i m e s
1 0 8 3 :  S t a r t : = R e a d I n t e g e r ( ' S e c o n d G a p s 1 ,

' I n t e r v a l ' t i n t t o s t r ( i n t e r v a l c o u n t e r ) t ' S t a r t ' ,  - 1 )  ;

1 0 8  4 :  E n d d : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,  ' I n t e r v a l ' t l n t T o S t r ( I n t e r v a l c o u n t e r ) t ' E n d ' ,

- 1 )  ;
1 0  8 5 :  e n d ;
1 0 8 6 :  I f  T i m e > = S t a r t  t h e n  i f  T i m e < = E n d d  t h e n  b e g i n

1 0 8 7 :  / / t h e  f o l l o w i n g  b l o c k  o f  c o d e  c o r r e c t l y  s e t s  t h e  N e w P e r c h S c o r e  f o r  e a c h  c a g e  
1 0 8 8 :  / / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

1 0 8 9 :  i f  C a g e N u m b e r < = 2  t h e n  b e g i n  / / f o r  c a g e s  1 a n d  2 o n l y  
1 0 9 0 :  i f  P r e v i o u s P e r c h I D = P e r c h I D  t h e n  N e w P e r c h S c o r e : = 1 ;

1 0 9 1 :  i f  P r e v i o u s P e r c h l D O P e r c h I D  t h e n  N e w P e r c h S c o r e : = 1 . 2 ;

1 0 9 2 :  i f  P r e v i o u s P e r c h I D ^ ' 1 '  t h e n  i f  P e r c h I D = ' 2 '  t h e n  N e w P e r c h S c o r e : = 1 . 4  ;

1 0 9 3 :  i f  P r e v i o u s P e r c h I D = ' 2 '  t h e n  i f  P e r c h I D = ' l '  t h e n  N e w P e r c h S c o r e : = 1 . 4 ;

1 0 9 4 :  i f  P r e v i o u s P e r c h I D = ' 3 '  t h e n  i f  P e r c h I D = ' 4 '  t h e n  N e w P e r c h S c o r e : = 1 . 4 ;
1 0 9 5 :  i f  P r e v i o u s P e r c h I D = ' 4 '  t h e n  i f  P e r c h I D = ' 3 '  t h e n  N e w P e r c h S c o r e : = 1 . 4 ;

1 0 9 6 :  e n d ;

1 0 9 7 :  i f  C a g e N u m b e r = 3  t h e n  b e g i n  / / f o r  c a g e  2 o n l y
1 0 9 8 :  i f  P r e v i o u s P e r c h I D = P e r c h I D  t h e n  N e w P e r c h S c o r e : = 1 ;

1 0 9 9 :  i f  P r e v i o u s P e r c h l D o P e r c h I D  t h e n  N e w P e r c h S c o r e : = 1 . 2 ;

1 1 0 0 :  i f  P r e v i o u s P e r c h I D = ' 1 '  t h e n  i f  P e r c h I D = ' 4 '  t h e n  N e w P e r c h S c o r e : = 1 . 4 ;

1 1 0 1 :  i f  P r e v i o u s P e r c h I D = ' 4 '  t h e n  i f  P e r c h I D = ' l '  t h e n  N e w P e r c h S c o r e : = 1 . 4 ;

1 1 0 2 :  i f  P r e v i o u s P e r c h I D = ' 2 '  t h e n  i f  P e r c h I D = ' 3 '  t h e n  N e w P e r c h S c o r e : = 1 . 4 ;

1 1 0 3 :  i f  P r e v i o u s P e r c h I D ^ ' 3 '  t h e n  i f  P e r c h I D = ' 2 '  t h e n  N e w P e r c h S c o r e : = 1 . 4 ;

1 1 0 4 :  e n d ;

1 1 0 5 :  i f  C a g e N u m b e r > = 4  t h e n  b e g i n  / / f o r  c a g e s  4 t o  8 o n l y
1 1 0 6 :  i f  P r e v i o u s P e r c h I D = P e r c h I D  t h e n  N e w P e r c h S c o r e : = 1 ;

1 1 0 7 :  i f  P r e v i o u s P e r c h l D o P e r c h I D  t h e n  N e w P e r c h S c o r e : = 1 . 2 ;

1 1 0 8 :  i f  P r e v i o u s P e r c h I D = ' 1 '  t h e n  i f  P e r c h I D = ' 3 '  t h e n  N e w P e r c h S c o r e : = 1 . 4 ;

1 1 0 9 :  i f  P r e v i o u s P e r c h I D ^ ' 3 '  t h e n  i f  P e r c h I D = ' l '  t h e n  N e w P e r c h S c o r e : = 1 . 4 ;

1 1 1 0 :  i f  P r e v i o u s P e r c h I D ^ ' 2 '  t h e n  i f  P e r c h I D = ' 4 '  t h e n  N e w P e r c h S c o r e : = 1 . 4 ;

1 1 1 1 :  i f  P r e v i o u s P e r c h I D = ' 4 '  t h e n  i f  P e r c h I D = ' 2 '  t h e n  N e w P e r c h S c o r e : = 1 . 4 ;
1 1 1 2 :  e n d ;
1 1 1 3 •  / / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
1 1 1 4  :

1 1 1 5 :  / /  r e m a r k e d  o u t  on  1 1 / 0 5 /  9 9 *  * * i f  P e r c h l D O P r e v i o u s P e r c h I D  t h e n  
N e w P e r c h S c o r e : = 0 . 5  e l s e  N e w P e r c h S c o r e : = 0 ;

1 1 1 6 :  i f  H o p G a p = 0  t h e n  H o p G a p : = 1 ;

1 1 1 7 :  i f  S t r T o I n t ( D u r a t i o n ) < = 0  t h e n  D u r a t i o n : =  ' 1 2 9 6 1 '  ;

1 1 1 8 :  i f  S t r T o I n t ( P r e v i o u s D u r a t i o n ) < = 0  t h e n  P r e v i o u s D u r a t i o n : = ' 1 2 9 6 1 ' ;

1 1 1 9 :  / /  r e m a r k e d  o u t  on  1 1 / 0 5 / 9 9 *  * * D i s p l a y V a l u e : = ( 2 5 0 0  /
S t r T o I n t  ( D u r a t i o n )  ) + ( N e w P e r c h S c o r e !  (3 0 0  /  H o p G a p ) ) ;

1 1 2 0 :  / / t o t a l h o p g a p : = t o t a l h o p g a p ! h o p g a p ;
1 1 2 1 :  / / t o t a l i s  e r : = t o t a  U s e r !  1 ;
1 1 2 2 :  / / e d i t 9 . t e x t : = f l o a t t o s t r  ( h o p g a p ) ; e d i t 9 . r e f r e s h ;
1 1 2  3 :  / / e d i t l O . t e x t : - F l o a t t o S t r ( N e w P e r c h S c o r e )  ; e d i t l O . r e f r e s h ;
1 1 2 4 :  D i s p l a y V a l u e : = S t r T o I n t ( D u r a t i o n ) ; / / * N e w P e r c h S c o r e ;
1 1 2 5 :  . T o t a l D i s p l a y V a l u e : -  T o t a l D i s p l a y V a l u e + D i s p l a y V a l u e ;

1 1 2 6 :  / / a b o v e  c o d e  c a l c u l a t e s  t h e  d i s p l a y  i n d e x  a n d  t o t a l s  i t  f o r  t h e  i n t e r v a l  i n
h a n d

1 1 2 7 :  P e r c h F l a g : = t r u e ;

1 1 2  8 :  e n d  e l s e
1 1 2 9 :  b e g i n
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i f  P e r c h F l a g = f a l s e  t h e n  b e g i n  
A p p e n d ( R e s u l t s ) ;

W r i t e L n ( R e s u l t s , 0 ) ; / / i f  n o  d a t a  f o r  t h a t  p e r i o d  t h e n  a z e r o  i s  a w a r d e d
C l o s e F i l e ( R e s u l t s ) ;

I n t e r v a l c o u n t e r : = I n t e r v a l C o u n t e r + l ; / / c l i c k s  f o r w a r d  t o  t h e  n e x t  
i n t e r v a l

g o t o  1 ;
e n d  e l s e

b e g i n
A p p e n d ( R e s u l t s ) ;

W r i t e L n ( R e s u l t s , f l o a t t o s t r F ( T o t a l D i s p l a y V a l u e ,  f f F i x e d ,  6 ,  5 ) ) ;  

C l o s e F i l e ( R e s u l t s ) ;  / / w r i t e s  t h e  p e r c h  d i s p l a y  i n d e x  i n t o  t h e  
r e s u l t s  t e x t f i l e

T o t a l D i s p l a y V a l u e : = 0 ;  / / r e s e t s  t h i s  v a r i a b l e
I n t e r v a l c o u n t e r : = I n t e r v a l C o u n t e r + l ; / / c l i c k s  f o r w a r d  o n t o  n e x t

i n t e r v a l
P e r c h F l a g : = F a l s e ;

g o t o  1 ;  / / s e n d s  e x e c u t i o n  p o i n t  b a c k  t o  1 
e n d ;

e n d ;
y / *****************************************************************************
e n d ;  / / e n d  o f  ' f o r  k : = l  t o  t o t a l  d o '  r o u t i n e .

I n t e r v a l c o u n t e r : = I n t e r v a l C o u n t e r + l ; / / c l i c k s  f o r w a r d  t o  n e x t  i n t e r v a l  
i f  P e r c h F l a g ^ t r u e  t h e n  b e g i n  

A p p e n d ( R e s u l t s ) ;
W r i t e L n ( R e s u l t s , f l o a t t o s t r F ( T o t a l D i s p l a y V a l u e ,  f f F i x e d ,  7 ,  6 ) ) ;

C l o s e F i l e ( R e s u l t s ) ; / / w r i t e s  r e m a i n i n g  d a t a  t o  r e s u l t s ,  i f  i t  i s  p r e s e n t  
P e r c h F l a g : = F a l s e ;

C l o s e F i l e ( F ) ;

w h i l e  s t a r t o - l  d o  b e g i n  

w i t h  T i m e s i n i  d o
S t a r t : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,

1 I n t e r v a l ' + i n t T o S t r ( I n t e r v a l c o u n t e r ) + 1 S t a r t 1 , - 1 ) ;

I n t e r v a l c o u n t e r : = I n t e r v a l C o u n t e r + l ;

A p p e n d ( R e s u l t s ) ;

i f  s t a r t o - l  t h e n  W r i t e L n  ( R e s u l t s , 0 ) ; / / f i l l s  i n  z e r o  v a l u e s  i f  t h e r e  i s
n o  m o r e  d a t a

C l o s e F i l e ( r e s u l t s  ) ;

e n d ;

P e r c h F l a g : = f a l s e ; 
i n t e r v a l c o u n t e r : = 0 ;

f o r  i : = l  t o  8 0  d o  b e g i n / / t h i s  c o d e  c r e a t e s  t h e  c u r r e n t  t i m e  d i v i s i o n s  f i l e  
w i t h  T i m e s i n i  d o
S t a r t : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,

' I n t e r v a l 1 t i n t t o s t r ( I n t e r v a l c o u n t e r ) t ' S t a r t ' ,  - 1 ) ;  

h o u r s : = s t a r t  div 3 6 0 0 ;  
m i n u t e s : = ( s t a r t - ( h o u r s * 3 6 0 0 ) )  div 6 0 ;  

h o u r S t r : = i n t T o S t r ( H o u r s ) ;  if L e n g t h ( h o u r s t r ) = 1  then h o u r S t r : = ' 0 ' t H o u r S t r ; 

M i n S t r : = I n t T o S t r ( M i n u t e s ) ;  if L e n g t h ( M i n S t r ) = 1  then M i n S t r : = ' 0 ' t M i n s t r ; 
T i m e S t r : = C o n c a t ( H o u r S t r t ' : ’ t M i n S t r ) ; 

if s t a r t o - l  then W r i t e L n  ( T i m e s  , ( I n t t o s t r  ( S t a r t  div 6 0 )  ) t ' ,  ’ t T i m e S t r ) ;
I n t e r v a l c o u n t e r : = I n t e r v a l C o u n t e r t l ; 

end;
m k l : = 0 ;  s t r : = ' ' ;  t i m e S t r : = ' ' ;  F l a g : = F a l s e ;  P e r c h F l a g : = f a l s e ;

I n t e r v a l C h e c k : = F a l s e ; 

t i m e A : = 0 ;

C l o s e F i l e ( T i m e s ) ;  / / c l o s e s  a n d  t i d i e s  up
T o t a l : = 0 ;  I n t e r v a l c o u n t e r : = 0 ;  T o t a l D i s p l a y V a l u e : = 0 ;  S t a r t : = 0 ;  E n d d : = 0 ;

F i l e L i s t B o x l . c o l o r : = c l w i n d o w ;

/ /  e d i t  1 0 .  t e x t : = f l o a t t o s t r  ( t o t a l h o p g a p / t o t a l i s e r ) ;
e n d ;  

e n d ;
i f  C u r r e n t D a t e = e d i t 8 . t e x t  t h e n  g o t o  3 ;  

g o t o  2 ;
3  :

e n d ;  / / o f  A w a r d P e r c h S c o r e  r o u t i n e

procedure TForml.BtnMassGainPerIntClick(Sender: TObject);
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v a r  A v o i d R e p e a t s C h e c k : i n t e g e r ;

i ,  m k l ,  S t a r t t t : i n t e g e r ; T i m e S t r ,  s t r : s t r i n g ;

C u r r e n t D a t e : s t r i n g ;

l a b e l  1 ;  l a b e l  2 ;  l a b e l  3 ;

b e g i n
/ / c o d e  h i g h l i g h t e d  b e l o w  i s  r e s p o n s i b l e  f o r  r e a d i n g  f i l e s  s e q u e n t i a l l y  

C u r r e n t D a t e : = e d i t 6 . t e x t ; / / s e t s  c u r r e n t  d a t e  

2 :

F i l e L i s t B o x l . c o l o r : = c l w h i t e ; f i l e l i s t b o x l . r e f r e s h ; / / f l a s h e s  l i s t  b o x  t o  d e n o t e  
c y c l i n g
C a g e N u m b e r : = C a g e N u m b e r + l ; i f  C a g e N u m b e r = 9  t h e n  / / f l i p s  t o  n e x t  d a y  a n d  c a g e  1 
b e g i n  C a g e N u m b e r : = 1 ;  C u r r e n t D a t e : = N e x t D a y O f Y e a r ( C u r r e n t D a t e ) ;  e n d ;  
e d i t 7 . t e x t : = l a b e l l . c a p t i o n t ' \ 1 + ' C a g e  ' + I n t T o S t r ( C a g e N u m b e r ) + 1 

[ ' t e d i t 6 . t e x t t 1 ] 1 ; 

e d i t 7 . r e f r e s h ;

e d i t 6 . t e x t : = C u r r e n t D a t e ; e d i t 6 . r e f r e s h ;  / / d i s p l a y s  c u r r e n t  d a t e  a n d  u p d a t e s  
d i s p l a y

i f  F i l e E x i s t s ( l a b e l l . c a p t i o n t 1 \ 1 1 ' C a g e  1 t l n t T o S t r ( C a g e N u m b e r ) t 1 

[ 1 t e d i t 6 . t e x t t ' ] . t x t ' )

t h e n  b e g i n  / / i f  F i l e  i s  p r e s e n t  i n  s e l e c t e d  f o l d e r  t h e n  r u n  t h e  f o l l o w i n g  c o d e

a s s i g n F i l e ( F ,  l a b e l l . c a p t i o n t ' C a g e 1 t i n t T o S t r ( C a g e N u m b e r ) t '

[ ' t e d i t 6 . t e x t t ' ] . t x t ' ) ;

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
F i l e L i s t B o x l . c o l o r : = c l l i m e ; f i l e l i s t b o x l . r e f r e s h ; / / f l a s h e s  t h e  l i s t  b o x  t o  
d e n o t e  e n d  o f  c y c l e  

b t n T r a n s f o r m F i l e . D e f a u l t : = t r u e ; / / m a k e s  t h e  b u t t o n  t h e  d e f a u l t  c o n t r o l  
s t a r t t t : = 0 ;
A s s i g n F i l e ( R e s u l t s , ' c : \ t e m p \ M G R ' t l n t T o S t r ( C a g e N u m b e r ) t '

[ ' t C u r r e n t D a t e t ' ] . t x t 1 ) ;

r e s e t ( F ) ; / / r e s e t s  t h e  c u r r e n t  d a t a  f i l e
r e w r i t e ( r e s u l t s ) ; / / c l e a r s  c u r r e n t  r e s u l t s  f i l e  r e a d y  f o r  w r i t i n g

/ / / / / / / / / /
I n t e r v a l T i m e C h e c k : = 0 ; / / s t a r t s  a t  z e r o  h o u r s  a n d  m i n u t e s  

B t n M a s s G a i n P e r l n t . d e f a u l t : = t r u e ;

B t n M a s s G a i n P e r l n t . e n a b l e d : = f a l s e ;

/ / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  l i n e s  
r e a d L n ( F ,  S t r ) ;
w h i l e  S t  r < > 1 ' d o  b e g i n  T o t a l : —T o t a l t l ;

/ / E d i t T o t a l . t e x t : = i n t t o s t r  ( t o t a l )  ;
/ / E d i t T o t a l . r e f r e s h ;

R e a d L n ( F ,  S t r ) ;  e n d ;

C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  v a r i a b l e  i s  c a l l e d  T o t a l .
E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ;

R e  s  e  t  ( F ) ;

for k : = l  to t o t a l  do begin / / s t a r t  o f  m a i n  r o u t i n e * * * * * * * * * * * * * * * * * * * * *  * 

T i m e F r o m P r e v i o u s L i n e : = T i m e F r o m C u r r e n t L i n e ; / / k e e p s  r o l l i n g  r e c o r d  o f  t i m e  
P r e v i o u s M a s s : = M a s s ; / / k e e p s  r o l l i n g  r e c o r d  o f  m a s s
P r e v i o u s M a s s S t r : = M a s s S t r ; / / k e e p s  r o l l i n g  r e c o r d  o f  m a s s  a s

s t r i n g
PreviousRealTime : =RealTime ; / / k e e p s  r o l l i n g  r e c o r d  o f  t i m e  a s

s t r i n g
S t a r t i n g M a s s : = E n d i n g M a s s ; / / k e e p s  r o l l i n g  r e c o r d  o f  s t a r t  m a s s

S t a r t i n g T i m e : = E n d i n g T i m e ; / / k e e p s  r o l l i n g  r e c o r d  o f  s t a r t  t i m e
r e a d L n ( F ,  S t r ) ;  / / r e a d s  l i n e  i n t o  S t r  v a r i a b l e  

S t r L e n g t h : = L e n g t h ( S t r ) ;  / / r e a d s  s t r i n g  l e n g t h  i n t o  ' L e n g t h ' v a r i a b l e

for i : = l  to S t r L e n g t h  do begin / / f i n d s  comm as  
if str[i]=1,' then begin

if c o m m a C o u n t = l  then begin m k l : = i ;  C o m m a C o u n t : = 2  end else 
if C o m m a C o u n t = 2  then begin m k 2 : = i ;  C o m m a C o u n t : = 1  end / / t h i s  p u t s  t h e  comma  

p o s i t i o n s  i n t o  m k l , 2
end; end; / / o f  comma f i n d i n g  r o u t i n e  

C o m m a G a p A : = m k 2 - m k l ; 

if c o m m a G a p A = 5  then M a s s S t r : = c o n c a t ( s t r [ m k l + 2 ] + s t r [ m k l + 3 ] + s t r [ m k l + 4 ] ) ;  
if c o m m a G a p A = 4  then M a s s S t r : = c o n c a t ( s t r [ m k l + 2 ] + s t r [ m k l + 3 ] ) ;

if c o m m a G a p A = 6  then 
M a s s S t r : = c o n c a t ( s t r [ m k l + 2 ] + s t r [ m k l + 3 ] + s t r [ m k l + 4 ] + s t r [ m k l + 5 ] ) ;

M a s s : = s t r t o f l o a t ( M a s s S t r ) ;  / / c u r r e n t  m a s s  i s  n o w  e x t r a c t e d  i n t o  m e m o r y
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1 2 9 8  :

1 2 9 9  :

' 13 0 0  : 

1 3 0 1 :

1 3  0 2  : 
1 3 0 3  : 

1 3  0 4  : 

1 3 0 5  : 

1 3  0 6 :

1 3 0 7  :

1 3 0 8  : 

1 3  0 9  : 

1 3 1 0 :  

1 3 1 1 :  

1 3 1 2  :

if I s T i m e l n S e c o n d s ( S t r ) = t r u e  then begin / / m a k e s  f u n c t i o n  c a l l  t o  d e t e r m i n e  
t i m e  f o r m a t , w h i c h  v a r i e s  b e t w e e n  e a r l y  a n d  l a t e  f i l e s  

if m k l = 2  then if s t r O 1 1 then t i m e S t r : =  1 0 '  ; 
if m k l = 3  then if s t r O "  then t i m e S t r  : = c o n c a t  ( s t r  [ 1  ] )  ; 
if m k l = 4  then if s t r O '  1 then t i m e S t r  : = c o n c a t  ( s t r  [ 1  ] t s t r  [ 2  ] )  ; 

if m k l  =  5  then if s t r < > '  ' then t i m e S t r : = c o n c a t ( s t r [ 1 ] t s t r [ 2 ] t s t r [ 3 ] t s t r [ 4  ] )  ; 

if m k l  =  6  then if s t r O 1 1 then 
t i m e S t r : = c o n c a t ( s t r [ l ] + s t r [ 2 ] + s t r [ 3 ] + s t r [ 4 ] + s t r [ 5 ]  ) ; 

if m k l = 1 0  then c l o s e ;

end
e l s e / / i f  t i m e  i s  i n  m i l l i s e c o n d s  i n s t e a d  o f  s e c o n d s  i n  t h e  t e x t f i l e  
begin
if m k l < = 4  then t i m e S t r : = 1 0 ' ;  

if m k l = 5  then if s t r O "  then t i m e S t r : = s t r  [ 1  ] ;
if m k l  =  6  then if s t r O "  then t i m e S t r : = c o n c a t ( s t r [ 1 ] t s t r [ 2 ] ) ;  
if m k l = 7  then if s t r O 1 1 then t i m e S  t r  : = c o n c a t  ( s  t r  [ 1 ] + s  t r  [ 2  ] t s t r  [ 3  ] ) ; 

if m k l  =  8 then if s t r O 1 1 then 
t i m e S t r : = c o n c a t ( s t r [ l ] + s t r [ 2 ] + s t r [ 3 ] + s t r [ 4 ] ) ;

if m k l  =  9  then if s t r O '  1 then 
t i m e S t r : ^ c o n c a t ( s t r [ l ] + s t r [ 2 ] + s t r [ 3 ] + s t r [ 4 ] + s t r [ 5 ]  ) ;

if m k l  =  1 0  then if s t r O 1 ' then 
t i m e S t r : = c o n c a t ( s t r [ l ] + s t r [ 2 ] + s t r [ 3 ] + s t r [ 4 ] + s t r [ 5 ] + s t r [ 6 ] ) ;  

end; / / o f  i f  m i l l i s e c o n d s  c o d e  r o u t i n e

if T i m e S t r O ' ' then T i m e F r o m C u r r e n t L i n e : = s t r t o i n t ( t i m e S t r ) ; / / t h i s  i s  t h e  t i m e  
i n  s e c o n d s  a s  an  i n t e g e r

r e a l T i m e : = C o n c a t ( s t r [ m k 2 + 2 ] t s t r [ m k 2 + 3 ] t s t r [ m k 2 + 4 ] t s t r [ m k 2 + 5 ] t s t r [ m k 2 + 6 ] t s t r [ 
m k 2 + 7 ] +

s t r [ m k 2 + 8 ] t s t r [ m k 2 + 9 ] ) ;

C u r r e n t T i m e l n t e r v a l : = I n t e r v a l T i m e C h e c k ; { a d d  1 8 0 0  p e r  3 0  m i n u t e s }
D i f f e r e n c e A : = T i m e F r o m C u r r e n t L i n e - C u r r e n t T i m e l n t e r v a l ; / / T i m e F r o m C u r r e n t L i n e  i s  

s i m p l y  I n t e g e r  T i m e , c u r r e n t
if D i f f e r e n c e A > = 0  then begin//!/ d i f f e r e n c e  i s  p o s i t i v e  t h e n  t i m e  f r o m  f i l e  
e x c e e d s  I n t e r v a l T i m e C h e c k  

D i f f e r e n c e ! ! : = C u r r e n t T i m e I n t e r v a l - T i m e F r o m P r e v i o u s L i n e ; / / d i f f e r e n c e  b e t w e e n  
p r e v i o u s ! I n t e r v a l T i m e C h e c k  

/ / i f  D i f f e r e n c e B > 0  t h e n  i f  M e s s a g e D l g ( ’D i f f e r e n c e B  i s  g r e a t e r  t h a n  z e r o ,
E x i t ?  ' ,

/ /  m t l n f o r m a t i o n , [ m b Y e s ,  m b N o ] , 0) = m r Y e s  t h e n  c l o s e ;

/ / a b o v e  c o d e  e s t a b l i s h e s  w h e t h e r  t i m e  b e f o r e  o r  a f t e r  C u r r e n t  I n t e r v a l  i s  
c l o s e s t

/ / / / / / / / / / / / / / / / / / / / / / / / / / / /
M i n u t e s : = I n t e r v a l T i m e C h e c k  div 6 0 ;  while m i n u t e s > = 6 0  do 

m i n u t e s : = m i n u t e s - 6 0 ;

M i n u t e S t r : = I n t T o S t r ( M i n u t e s ) ;  if l e n g t h ( m i n u t e S t r ) = 1  then 
M i n u t e S t r : = c o n c a t ( ' O ' t M i n u t e S t r ) ;

h o u r S t r : = i n t t o s t r ( a b s ( I n t e r v a l T i m e C h e c k  div 3 6 0 0 ) ) ;  if L e n g t h ( h o u r S t r ) = 1  
then H o u r S t r : = c o n c a t ( ' O ' t h o u r S t r ) ;

/ / i f  t h e  h o u r  i s  o n l y  o n e  d i g i t  l o n g  t h e n  a z e r o  i s  a p p e n d e d  a t  t h e  f r o n t
o f  i  t

T i m e S t r : = c o n c a t ( H o u r S t r ! t M i n u t e S t r ) ; / / m a k e s  u p  t h e  t i m e  s t r i n g  b y  
c o n c a t e n a t i n g  t h e  t w o

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / t h i s  c o d e  c o n v e r t s  ' I n t e r v a l T i m e C h e c k '  
t o  H o u r s :M i n u t e s

if I n t e r v a l T i m e C h e c k > 8 6 3 9  9  then F i n i s h e d : = t r u e ;  / / f i n i s h e s  e x e c u t i o n  o n c e  
e n d  o f  d a y  i s  r e a c h e d

I n t e r v a l T i m e C h e c k : = I n t e r v a l T i m e C h e c k + 1 8  0 0 ; / / c l i c k s  I n t e r v a l T i m e C h e c k  
v a r i a b l e  f o r w a r d  b y  30  m i n u t e s  

A p p e n d ( r e s u l t s ) ;

if D i f f e r e n c e B < = D i f f e r e n c e A  then / / i f  s o  u s e  P r e v i o u s M a s s  o r  e l s e  u s e  M a s s S t r  
begin E n d i n g M a s s : = P r e v i o u s M a s s ; E n d i n g T i m e : = T i m e F r o m P r e v i o u s L i n e ; end 
else begin E n d i n g M a s s : = M a s s ; E n d i n g T i m e : = T i m e F r o m C u r r e n t L i n e ;  end; 

if S t a r t i n g M a s s O O  then begin
D e l t a M a s s : = E n d i n g M a s s - S t a r t i n g M a s s ;

DeltaTime:=EndingTime-StartingTirne; 
end else begin DeltaMass:=0; DeltaTime:=0; end; 

if DeltaTimeOO then RateOfMassGain: = (DeltaMass / DeltaTime)* 10000 else 
RateOfMassGain:=0; 

if DifferenceB<=DifferenceA then begin if Finished=False then begin 
WriteLn(Results, TimeStrt', '+FloatToStrF(RateOfMassGain, ffFixed,6,2)+1, '+



1 3 1 3  :

1 3 1 4  :

1 3 1 5  :

1 3 1 6  :

1 3 1 7  :

1 3 1 8  :
1 3 1 9 :
1 3 2 0  :
1 3 2 1  :
1 3 2 2  :

1 3 2 3  :

1 3 2 4  :

1 3 2 5  :
1 3 2 6  :

1 3 2 7  :

1 3 2 8  :

1 3 2 9  :

1 3 3 0  :

1 3 3 1  :

1 3 3 2  :

1 3 3 3  :

1 3 3 4  :

1 3 3 5  :

1 3 3 6 :

1 3 3 7  :

1 3 3 8  :

1 3 3 9  :
1 3 4 0  :

1 3 4 1 :

1 3 4 2  :
1 3 4 3  :

1 3 4 4  :

1 3 4 5

1 3 4 6
1 3 4 7

1 3 4 8
1 3 4 9

1 3 5 0
1 3 5 1

1 3 5 2
1 3 5 3

1 3 5 4

1 3 5 5

1 3 5 6

1 3 5 7

1 3 5 8

1 3 5 9

1 3 6 0

1 3 6 1

1 3 6 2

1 3  6 3
1 3 6 4

1 3 6 5

1 3  6 6

1 3 6 7

1 3 6 8

1 3 6 9

1 3 7 0

1 3 7 1

1 3 7 2

1 3 7 3

1 3 7 4

1 3 7 5

1 3 7  6

1 3 7 7

1 3 7 8

1 3 7 9

1 3 3 0

1 3 8 1

I n t T o S t r ( T i m e F r o m P r e v i o u s L i n e ) t ' , ' + P r e v i o u s M a s s S t r + 1 , 1 t P r e v i o u s R e a l T i m e ) ;

end;
end else if F i n i s h e d = F a l s e  then begin

W r i t e L n ( R e s u l t s , T i m e S t r t ' ,  1 + F l o a t T o S t r F ( R a t e O f M a s s G a i n ,  f f F i x e d , 6 , 2 ) + 1 ,

1 t
I n t T o S t r ( T i m e F r o m C u r r e n t L i n e ) t 1 , ' + M a s s S t r + ' ,  ' t R e a l T i m e ) ;  

end;
C l o s e F i l e ( R e s u l t s ) ;

end; / / d a t a  w r i t t e n  t o  r e s u l t s  f i l e

end;
M a s s S t r : = ' ' ;  T i m e F r o m P r e v i o u s L i n e : = 0 ;  P r e v i o u s M a s s S t r : = ' ' ;  S t r : = ' ' ;  

C o m m a C o u n t : = 1 ;
T o t a l : = 0 ;  B t n M a s s G a i n P e r l n t . e n a b l e d : = t r u e ; T i m e F r o m C u r r e n t L i n e : = 0 ;  

I n i t i a l i s e : = t r u e ;
S t a r t i n g M a s s : = 0 ;  E n d i n g M a s s : = 0 ;  D e l t a M a s s : = 0 ;  F i n i s h e d : = F a l s e ;

/ / a l l  v a r i a b l e s  c l e a r e d  a n d  r e s e t  a s  a p p r o p r i a t e  
end; 
end;

p r o c e d u r e  T F o r m l . B u t t o n 4 C l i c k ( S e n d e r : T O b j e c t ) ;

v a r  s t r : s t r i n g ;  t o t a l : i n t e g e r ;

b e g i n
total:— 0;
AssignFile(F, labell.captiont1\ 'tFileEditl.text); 
reset(F); 
readLn(F, Str); 
edit3.text:=str; 

while S t r O '1 do begin Total:=Totaltl;
/ / E d i t T o t a l . t e x t : - i n t t o s t r ( t o t a l )  ;

/ / E d i t T o t a l . r e f r e s h ;
R e a d L n ( F ,  S t r ) ;  e n d ;

C l o s e F i l e ( F ) ; / / * * * * * * * * * * * * encj Qf  2 l n e  c o u n t e r -  v a r i a b l e  i s  c a l l e d  
To ts .1 * * * * * * * * * * * * * * * * * *

E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ;

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n 5 C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
e d i t 6 . t e x t : = 1 1 0  0 7  9 8 ' ;

e d i t 8 . t e x t : = 1 2 4  0 8  9 8 ' ; / / s e t s  d a t e s  f o r  TV  
e n d ;

/ / c o d e  t o  c o n d e n s e  TB F i l e s  f r o m  34  c o l u m n s  t o  j u s t  17  
p r o c e d u r e  T F o r m l . B u t t o n 6 C l i c k ( S e n d e r : T O b j e c t ) ;

v a r  R e a l T i m e ,  o r i g i n a l F i l e N a m e ,  w o r d s ,  r e s u l t S t r ,  C u r r e n t D a t e  : s t r i n g ;  
C o m m a C o u n t e r : i n t e g e r ;  

l a b e l  2 ;  l a b e l  3 ;  

b e g i n

/ / c o d e  h i g h l i g h t e d  b e l o w  i s  r e s p o n s i b l e  f o r  r e a d i n g  f i l e s  s e q u e n t i a l l y  

C u r r e n t D a t e : = e d i t 6 . t e x t ;

2  :

F i l e L i s t B o x l . c o l o r : = c l w h i t e ; f i l e l i s t b o x l . r e f r e s h ;  

b e g i n  C u r r e n t D a t e : = N e x t D a y O f Y e a r ( C u r r e n t D a t e ) ;  e n d ;  

e d i t 7 . t e x t : = l a b e l l . c a p t i o n t ' \ ' t 1 F e e d T B D a t a ' t 1 [ ' t e d i 1 6 . t e x t t ' ] ' ;

e d i t 7 . r e f r e s h ;  

e d i t 6 . t e x t : ^ C u r r e n t D a t e ;  e d i t 6 . r e f r e s h ;

if F i l e E x i s t s ( l a b e l l . c a p t i o n t 1\ 't 'F e e d T B D a t a 't ' ['t e d i t 6 . t e x t t '] . t x t ')
t h e n  b e g i n

a s s i g n F i l e ( F ,  l a b e l l . c a p t i o n t 1 \ ' t ' F e e d T B D a t a ' t 1 [ ' t e d i t 6 . t e x t t 1 ] . t x t 1 ) ;

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
c o m m a C o u n t e r : = 0 ;  / / a l l o w s  f i r s t  c o l u m n  t o  b e  r e a d  i n  a s  d e f a u l t  
e d i t 5 . t e x t : = ' d a t a  t o  c : \ T e m p  ( M o d i  P r e f i x ) ' ;

/ / * * * r e p l a c e d  b y  s e q u e n t i a l  r e a d e r  c o d e * * *  A s s i g n F i l e  ( r e s u l t s ,
' c : \ T e m p \ M o d i  ' + F i l e E d i t l . t e x t )  ;



1 3 8 2  :

1 3 8 3 :
1 3 8 4  :

1 3 8 5 :

1 3 8 6 :
1 3 8 7  :

1 3 8 8  :

1 3 8 9 :

1 3 9 0 :
1 3 9 1 :

1 3 9 2 :
1 3 9 3 :

1 3 9 4  :
1 3 9 5 :

1 3 9 6 :
1 3 9 7  :

1 3 9 8  :

1 3 9 9 :

1 4 0 0 :

1 4 0 1 :

1 4 0 2 :

1 4 0 3 :

1 4 0 4  :

1 4 0 5 :

1 4 0 6
1 4 0 7

1 4 0 8

1 4 0 9
1 4 1 0

1 4 1 1

1 4 1 2

1 4 1 3

1 4 1 4
1 4 1 5

1 4 1 6

1 4 1 7

1 4 1 8

1 4 1 9
1 4 2 0

1 4 2 1
1 4 2 2
1 4 2 3

1 4 2 4

1 4 2 5

1 4 2 6

1 4 2 7

1 4 2 8

1 4 2 9

1 4 3 0

1 4 3 1

1 4 3 2

1 4 3 3

1 4 3 4

1 4 3 5

1 4 3 6

1 4 3 7

1 4 3 8

1 4 3 9

1 4 4 0

1 4 4 1

1 4 4 2
1 4 4 3

1 4 4 4

1 4 4 5

1 4 4 6

1 4 4 7

1 4 4 8

1 4 4 9

1 4 5 0

1 4 5 1

A s s i g n F i l e ( R e s u l t s ,  ' c : \ T e m p \ M o d i F e e d T B D a t a  [ ' + e d i t 6 . t e x t ! ' ] . t x t ' ) ;

R e w r i t e ( r e s u l t s ) ;  
c l o s e f i l e ( r e s u l t s ) ;

/ / * * * r e p l a c e d  b y  s e q u e n t i a l  r e a d e r  c o d e * * *  A s s i g n F i l e ( F , 
l a b e l l  . c a p t i o n +  ' \ ' - t F i l e E d i t l  . t e x t )  ; 
r e s e t ( F ) ;

/ / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  
l i n e s
r e a d L n ( F ,  S t r ) ;

while S t r O 11 do begin T o t a l : = T o t a l + l ;

/ / E d i t T o t a l . t e x t : = i n t t o s t r ( t o t a l )  ;
/ / E d i t T o t a l . r e f r e s h ;

R e a d L n ( F ,  S t r ) ;  end;
C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  v a r i a b l e  i s  c a l l e d  T o t a l .
E d i t 3 . t e x t : = i n t t o s t r ( t o t a l )  ;

R e s e t ( F ) ;

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
for k : = l  to t o t a l  do begin / / s h o u l d  i t  b e  t o t a l  m i n u s  o n e ?  
r e a d L n ( F ,  S t r ) ;

S t r L e n g t h : = L e n g t h ( S t r ) ;  

for i : —1  to S t r L e n g t h  do begin 
if S t r [ i ] < > ' , '  then if S t r [ i ] < > ' * '  then if c o m m a C o u n t e r < 4  then if 

c o m m a C o u n t e r > 2  then

r e s u l t S t r : = r e s u l t S t r + S t r [ i ] ;  

if c o m m a C o u n t e r = 0  then if s t r [ i ]  O '  ,  1 then
r e s u l t S t r : = r e s u l t S t r + S t r [ i ] ;  / / i n  o r d e r  t o  r e a d  i n  f i r s t  c o l u m n ,  b u t  n o t  

comma

if s t r [ i ] = ‘ , 1 then begin c o r a m a C o u n t e r : = c o m m a C o u n t e r + l ;
if c o m m a C o u n t e r = 5  then c o m m a C o u n t e r : = 1 ;  

if c o m m a C o u n t e r < 4  then 
if c o m m a C o u n t e r > 2  then r e s u l t S t r  : = r e s u l t S t r t 1 ; ' ;

end;
end;

C o m m a C o u n t e r : = 0 ;  / / r e a d s  i n  f i r s t  c o l u m n  
A p p e n d ( r e s u l t s ) ;

W r i t e L n ( r e s u l t s , r e s u l t S t r ) ;

C l o s e F i l e ( r e s u l t s )  ;

R e s u l t S t r : = 1 ' ;  

end; / / o f  k : = l  t o  t o t a l  r o u t i n e *  * *
C l o s e F i l e ( F ) ;

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
0 J / o £  r i  F Fd.2.0 Ex j l s t  r o u t i n e  r

i f  C u r r e n t D a t e = e d i t 8 . t e x t  t h e n  g o t o  3 ;  

g o t o  2 ;
3 :

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
e n d ;

/ / c o n d e n s e s  P e r c h T B F i l e s -  na m e  s p e c i f i c  
procedure TForml.Button7Click(Sender: TObject);
var R e a l T i m e ,  o r i g i n a l F i l e N a m e ,  w o r d s ,  r e s u l t S t r ,  C u r r e n t D a t e  : string; 

C o m m a C o u n t e r : i n t e g e r ; 

label 2 ;  label 3 ;  

begin
/ / c o d e  h i g h l i g h t e d  b e l o w  i s  r e s p o n s i b l e  f o r  r e a d i n g  f i l e s  s e q u e n t i a l l y
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
C u r r e n t D a t e : = e d i t 6 . t e x t ;

2 :
FileListBoxl.color:=clwhite;filelistboxl.refresh; 
b e g i n  CurrentDate:=NextDayOfYear(CurrentDate); e n d ;  

edit7 .text:=labell.caption+'\' + lPerchTBData' + ' [1tedit6 .textt'] ' ;
edit7.re f resh; 

edit6.text:=CurrentDate; edit6 .refresh;
if F i l e E x i s t s ( l a b e l l . c a p t i o n t 1 \ ' t ' P e r c h T B D a t a 1 t ' [ ' t e d i t 6 . t e x t t ' ] . t x t ' )

then begin
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1 4 5 7  s

1 4  5 8 : :
1 4  5 9 : :
1 4  5 0 ; :

1 4 5 1  :

1 4  5 2  .:
1 4  5 3  :

1 4 5 4  :
1 4 6 5  :

1 4  5 6  :
1 4  5 7  ::

1 4 6 8  :

1 4 5 9  :
1 4 7 0  :

1 4 7 1 :

1 4 7 2  :

1 4 7 3  :

1 4 7 4  :

1 4 7 5  :

1 4 7 6  :

1 4 7 7  :

1 4 7 8  :
1 4 7 9  :

1 4 8 0  :

1 4 8 1  :

1 4 8 2

1 4 8 3
1 4 8 4
1 4 8 5

1 4 8 6
1 4 8 7

1 4 8 8

1 4 8 9

1 4 9 0

1 4 9 1

1 4 9 2

1 4 9 3

1 4 9 4

1 4 9 5

1 4 9 6

1 4 9 7

1 4 9 8

1 4 9 9
1 5 0 0

1 5 0 1

1 5 0 2

1 5 0 3

1 5 0 4

1 5 0 5

1 5 0 6

1 5 0 7

1 5 0 8

1 5 0 9

1 5 1 0

1 5 1 1

' 1 5 1 2

1 5 1 3

1 5 1 4
1 5 1 5

1 5 1 6
1 5 1 7

1 5 1 8

1 5 1 9

1 5 2 0

a s s i g n F i l e ( F ,  l a b e l l . c a p t i o n + ' \ ' + ' P e r c h T B D a t a ' + 1 [ 1 + e d i t 6 . t e x t + ' ] . t x t ' ) ;  

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
c o m m a C o u n t e r : = 0 ;  / / a l l o w s  f i r s t  c o l u m n  t o  b e  r e a d  i n  a s  d e f a u l t  
e d i t 5 . t e x t : = ' d a t a  t o  c : \ T e m p  ( M o d i  P r e f i x ) ' ;

/ / * * * r e p l a c e d  b y  s e q u e n t i a l  r e a d e r  c o d e * * *  A s s i g n F i l e  ( r e s u l t s ,
' c : \ T e m p \ M o d i  ' + F i l e E d i t l . t e x t )  ;

A s s i g n F i l e ( R e s u l t s ,  ' c : \ T e m p \ M o d i P e r c h T B D a t a  [ ' + e d i t 6 . t e x t + ' ] . t x t ' ) ;
R e w r i t e ( r e s u l t s ) ;  

c l o s e f i l e ( r e s u l t s ) ;

/ / * * * r e p l a c e d  b y  s e q u e n t i a l  r e a d e r  c o d e * * *  A s s i g n F i l e ( F , 
l a b e l l . c a p t i o n +  ' \ ' T F i l e E d i t l . t e x t ) ; 
r  e  s  e  t  ( F ) ;

/ / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  
l i n e s
r e a d L n ( F ,  S t r ) ;

w h i l e  S t r O '  ' d o  b e g i n  T o t a l : = T o t a l  +  l ;

/ / E d i t T o t a l . t e x t : = i n t t o s t r  ( t o t a l ) ;
/ / E d i t T o t a l . r e f r e s h ;

R e a d L n ( F ,  S t r ) ;  e n d ;

C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  v a r i a b l e  i s  c a l l e d  T o t a l .
E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ;

R e s e t ( F ) ;

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
f o r  k : = l  t o  t o t a l  d o  b e g i n  / / s h o u l d  i t  b e  t o t a l  m i n u s  o n e ?  
r e a d L n ( F ,  S t r ) ;

S t r L e n g t h : ^ L e n g t h ( S t r ) ;  

f o r  i : = 1  t o  S t r L e n g t h  d o  b e g i n  

i f  S t r [ i ] < > ' , '  t h e n  i f  S t r [ i ] < > ' * '  t h e n  i f  c o m m a C o u n t e r < 4  t h e n  i f  
c o m m a C o u n t e r > 2  t h e n

r e s u l t S t r : = r e s u l t S t r + S t r [ i ] ;  

i f  c o m m a C o u n t e r = 0  t h e n  i f  s t r [ i ] < > ' , '  t h e n

r e s u l t S t r : = r e s u l t S t r + S t r [ i ] ;  / / i n  o r d e r  t o  r e a d  i n  f i r s t  c o l u m n ,  b u t  n o t  
comma

i f  s t r [ i ] = ' , '  t h e n  b e g i n  c o m m a C o u n t e r : = c o m m a C o u n t e r + l ;

i f  c o m m a C o u n t e r = 5  t h e n  c o m m a C o u n t e r : = 1 ;  
i f  c o m m a C o u n t e r < 4  t h e n  

i f  c o m m a C o u n t e r > 2  t h e n  r e s u l t S t r : = r e s u l t S t r + ' ; ' ;

e n d ;

e n d ;
C o m m a C o u n t e r : = 0 ;  / / r e a d s  i n  f i r s t  c o l u m n  

A p p e n d ( r e s u l t s ) ;

W r i t e L n ( r e s u l t s , r e s u l t S t r ) ;

C l o s e F i l e ( r e s u l t s ) ;

R e s u l t S t r : = ' ' ;  

e n d ;  / / o f  k : = l  t o  t o t a l  r o u t i n e * * *
C l o s e F i l e ( F ) ;

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
/ / o f  ' i f  F i  1 6jEx i  s  t  j r o u t i /10 f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

if C u r r e n t D a t e = e d i t 8 . t e x t  then goto 3 ;  

goto 2 ;
3 :

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
end;

/ / C o d e  t o  t o t a l i s e  n u m b e r  o f  h o p s  on  e a c h  h o p  p e r c h  f o r  a g i v e n  d a y
procedure T F o r m l . H o p s P e r P e r c h B u t t o n C l i c k ( S e n d e r : T O b j e c t ) ;

var
i ,  m k l ,  S t a r t t t  : i n t e g e r ;  T i m e S t r ,  s t r ,  C u r r e n t D a t e : string;
P e r c h O n e ,  P e r c h T w o ,  P e r c h T h r e e ,  P e r c h F o u r : I n t e g e r ;

label 1 ;  label 2 ;  label 3 ;

b e g i n
P e r c h O n e : = 0 ;  P e r c h T w o : = 0 ;  P e r c h T h r e e : = 0 ;  P e r c h F o u r : = 0 ;

C u r r e n t D a t e : = e d i t 6 . t e x t ;

A s s i g n F i l e ( R e s u l t s , ' c : \ t e m p \ C u m u l a t i v e  I n d i v i d u a l  P e r c h  d a t a . t x t ' ) ;  
r e w r i t e ( R e s u l t s ) ;



1 5 2 1 :  2 :
1 5 2 2 :  F i l e L i s t B o x l . c o l o r : = c l w h i t e ; f i l e l i s t b o x l . r e f r e s h ;
1 5 2 3 :  C a g e N u m b e r : = C a g e N u m b e r + l ; i f  C a g e N u m b e r = 9  t h e n

1 5 2 4 :  b e g i n  C a g e N u m b e r : = 1 ;  C u r r e n t D a t e : = N e x t D a y O f Y e a r ( C u r r e n t D a t e ) ;  e n d ;
1 5 2 5 :  e d i t 7 . t e x t : = l a b e l l . c a p t i o n t ' \ ' +  1 P e r c h  ' t l n t T o S t r ( C a g e N u m b e r )  +  '

[ ' + e d i t 6 . t e x t t 1 ] 1 ;

1 5 2 6 :  e d i t 7 . r e f r e s h ;
1 5 2 7 :  e d i t 6 . t e x t : = C u r r e n t D a t e ; e d i t 6 . r e f r e s h ;

1 5 2 8  :
1 5 2 9  :
1 5 3 0  : i f  F i l e E x i s t s ( l a b e l l . c a p t i o n t ' \ 1 1 1 P e r c h ' t l n t T o S t r ( C a g e N u m b e r ) t '

[ 1 t e d i t 6 . t e x t t ' ] . t x t ' )

1 5 3 1 :  t h e n  b e g i n
1 5 3 2  :
1 5 3 3 :  a s s i g n F i l e ( F ,  l a b e l l . c a p t i o n t ' \ ' t ' P e r c h ' t I n t T o S t r ( C a g e N u m b e r ) t '

[ ' t e d i t 6 . t e x t t ' ] . t x t ' ) ;

1 5 3 4 :  e d i t 5 . t e x t : = ' d a t a  t o  c : \ P a r s e d P e r c h D a t a ' ;

1 5 3 5  :
1 5 3 6  : T r a n s  f o r m P e r c h D a t a . d e f a u l t : = t r u e ;

1 5 3 7 :  / / A s s i g n F i l e  ( t i m e s , ' c : \ P a r s e d P e r c h D a t a \ C u r r e n t  T i m e  D i v i s i o n s  ( M in s )  . t x t ' )  ;
1 5 3 8  :

1 5 3 9  :
1 5 4 0 :  r e s e t ( F ) ;

1 5 4 1 :  / /  R e w r i t e  ( t i m e s )  ;
1 5 4 2 :  / /  r e w r i t e  ( r e s u l t s )  ;
1 5 4 3  :

1 5 4 4 :  / / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  l i n e s .
1 5 4 5 :  r e a d L n ( F ,  S t r ) ;

1 5 4 6 :  w h i l e  S t r O ' '  d o  b e g i n  T o t a l : = T o t a l t l ;

1 5 4  7 : / / E d i t T o t a l . t e x t  .’—i n t t o s t r  ( t o t a l )  ;
1 5 4 8 :  / / E d i t T o t a l . r e f r e s h ;
1 5 4 9 :  R e a d L n ( F ,  S t r ) ;

1 5 5 0 :  e n d ;

1 5 5 1 :  C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  n o .  o f  l i n e s  h e l d  i n  T o t a l .
1 5 5 2 :  E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ;
1 5 5 3 :  R e s e t ( F ) ;

1 5 5 4 :  F i l e L i s t B o x 1 . c o l o r : = c l l i m e ; f i l e l i s t b o x l . r e f r e s h ;

1 5 5 5 :  f o r  k : = l  t o  t o t a l  d o  b e g i n  / / r e a d s  t h r o u g h  e a c h  l i n e  o f  t h e  t e x t f i l e ,  t h i s  i s
t h e  ROUTINE  

1 5 5 6 :  R e a d L n ( F ,  S t r ) ;

1 5 5 7 :  i f  S t r = ' ' t h e n  S t r : = ' 0 ' ;  / / l o a d s  c u r r e n t  l i n e  o f  t e x t f i l e  i n t o  S t r
v a r i a b l e .

1 5 5 8 :  i f  C a g e N u m b e r = l  t h e n  b e g i n / / c o r r e c t s  p e r c h  n u m b e r s  t o  c o r r e s p o n d  t o  s t a n d a r d . . .  
1 5 5 9 :  i f  s t r [ l ] = ' 3 '  t h e n  P e r c h O n e : = P e r c h O n e t l ;

1 5 6 0 :  i f  s t r [ l ] = ' 2 '  t h e n  P e r c h T w o : = P e r c h T w o t 1 ;
1 5 6 1 :  i f  s t r [ l ] = ' 4 '  t h e n  P e r c h T h r e e : = P e r c h T h r e e t l ;

1 5 6 2 :  i f  s t r U l  =  ' l '  t h e n  P e r c h F o u r : = P e r c h F o u r t l  ;

1 5 6 3 :  e n d ;

1 5 6 4 :  i f  C a g e N u m b e r = 2  t h e n  b e g i n

1 5 6 5 :  i f  s t r [ l ] = ' 2 '  t h e n  P e r c h O n e : = P e r c h O n e + l ;

1 5 6 6 :  i f  s t r [ l ] = ' 3 '  t h e n  P e r c h T w o : = P e r c h T w o + l ;

1 5 6 7 :  i f  s t r [ l ] = ' l '  t h e n  P e r c h T h r e e : = P e r c h T h r e e + l ;

1 5 6 8 :  i f  s t r [ l ] = ' 4 '  t h e n  P e r c h F o u r : = P e r c h F o u r + l ;
1 5  6 9 :  e n d ;

1 5 7  0 :  i f  C a g e N u m b e r = 3  t h e n  b e g i n

1 5 7 1 :  i f  s t r [ l ] = ' 2 '  t h e n  P e r c h O n e : = P e r c h O n e + l ;

1 5 7 2 :  i f  s t r [ 1 ] = ' 1 '  t h e n  P e r c h T w o : = P e r c h T w o + l ;

1 5 7 3 :  i f  s t r [ l ] = ' 3 '  t h e n  P e r c h T h r e e : = P e r c h T h r e e  +  l ;

1 5 7 4 :  i f  s t r [ l ] = ' 4 '  t h e n  P e r c h F o u r : = P e r c h F o u r + l ;

1 5 7  5 :  e n d ;

1 5 7  6 :  i f  C a g e N u m b e r > 3  t h e n  b e g i n

1 5 7 7 :  i f  s t r [ l ] = ' l '  t h e n  P e r c h O n e : = P e r c h O n e + l ;

1 5 7 8 :  i f  s t r [ l ] = ' 2 '  t h e n  P e r c h T w o : = P e r c h T w o + l ;

1 5 7 9 :  i f  s t r [ l ] = ' 3 '  t h e n  P e r c h T h r e e : = P e r c h T h r e e + l ;

1 5 8 0 :  i f  s t r [ l ] = ' 4 '  t h e n  P e r c h F o u r : = P e r c h F o u r + l ;

1 5 8 1 :  e n d ;

1 5 8 2 :  e n d ;  / / o f  ' f o r  k = l  t o  t o t a l '  r o u t i n e . . .
1 5 8 3 :  E d i t R e s u l t s . t e x t : = I n t T o S t r ( P e r c h O n e ) + ' , ' t l n t T o S t r ( P e r c h T w o ) + ' , ' +

1 5 8 4 :  I n t T o S t r ( P e r c h T h r e e ) + ' , ' t i n t T o S t r ( P e r c h F o u r ) ;  e d i t R e s u l t s . r e f r e s h ;
1 5 8 5 :  A p p e n d ( r e s u l t s ) ;

1 5 8 6 :  W r i t e L n ( r e s u l t s , f l o a t t o S t r F ( P e r c h O n e / t o t a l , f f F i x e d ,  4 ,  3 ) + ' ;  ' +

1 5 8 7 :  f l o a t t o S t r F ( P e r c h T w o / t o t a l , f f F i x e d ,  4 ,  3 ) + ' ;  ' +

' 1 5 8 8 :  f l o a t t o S t r F  ( P e r c h T h r e e / t o t a l , f f F i x e d ,  4 ,  3 ) + ' ;  ' +

1 5 8 9 :  f l o a t t o s t r F ( P e r c h F o u r / t o t a l , f f F i x e d ,  4 ,  3 ) + ' ;  ' +



1 5 9 0 :  I n t T o S t r ( C a g e N u m b e r ) t ' ;  ' +

1 5 9 1 :  C u r r e n t D a t e ) ;

1 5 9 2 :  C l o s e F i l e ( R e s u l t s ) ;
1 5 9 3 :  P e r c h O n e : = 0 ;  P e r c h T w o : = 0 ;  P e r c h T h r e e : = 0 ;  P e r c h F o u r : = 0 ;  t o t a l : = 0 ;

1 5 9 4 :  E n d ;  / / o f  ' i f  f i l e  e x i s t s '  r o u t i n e  . . .
1 5 9 5 :  i f  C u r r e n t D a t e = e d i t 8 . t e x t  t h e n  g o t o  3 ;

1 5  9 6 :  g o t o  2 ;
1 5 9 7 :  3 :

1 5 9 8  :

1 5 9 9  :
1 6 0 0 :  e n d ;
1 6 0 1  :

1 6 0 2  :
1 6 0 3 :  p r o c e d u r e  T F o r m l . U p D o w n l C l i c k ( S e n d e r : T O b j e c t ;  B u t t o n :  T U D B t n T y p e ) ;

1 6 0 4 :  b e g i n
1 6 0 5 :  e d i t l . t e x t : = i n t t o s t r ( s t r T o I n t ( E d i t l . t e x t ) + 1 ) ;

1 6 0 6 :  i f  e d i t l . t e x t = ' 7 1 t h e n  e d i t 1 . t e x t : = ' 6 1 ;

1 6 0 7 :  e n d ;
1 6 0 8  :

1 6 0 9  :

1 6 1 1 :  p r o c e d u r e  T F o r m l . B u t t o n l C l i c k ( S e n d e r : T O b j e c t ) ;

1 6 1 2 :  v a r
1 6 1 3 :  T o t a l M o v e m e n t s ,
1 6 1 4 :  P e r c h O n e ,  P e r c h T w o ,  P e r c h T h r e e ,  P e r c h F o u r : I n t e g e r ;

1 6 1 5 :  i ,  m k l ,  S t a r t t t  : i n t e g e r ;  T i m e S t r ,  s t r ,  C u r r e n t D a t e : s t r i n g ;

1 6 1 6 :  l a b e l  1 ;  l a b e l  2 ;  l a b e l  3 ;

1 6 1 7 :  b e g i n
1 6 1 8 :  P e r c h O n e : = 0 ;  P e r c h T w o : = 0 ;  P e r c h T h r e e : = 0 ;  P e r c h F o u r : = 0 ;

1 6 1 9 :  C u r r e n t D a t e : = e d i t 6 . t e x t ; / / s e t s  s t a r t i n g  d a t e  u s i n g  d e f a u l t  v a l u e  
1 6 2 0  :

1 6 2 1 :  2 :
1 6 2 2 :  F i l e L i s t B o x l . c o l o r : = c l w h i t e ; f i l e l i s t b o x l . r e f r e s h ;

1 6 2 3 :  C a g e N u m b e r : = C a g e N u m b e r t l ; i f  C a g e N u m b e r = 9  t h e n  / / i f  C a g e N u m b e r  = 9 t h e n  r e v e r t
b a c k  t o  1 a g a i n

1 6 2 4 :  b e g i n  C a g e N u m b e r : = 1 ;  C u r r e n t D a t e : = N e x t D a y O f Y e a r ( C u r r e n t D a t e ) ;  e n d ;

1 6 2  5 :  e d i t 7 . t e x t : = l a b e l l . c a p t i o n t ' \ 1 t ' P e r c h  ' t l n t T o S t r ( C a g e N u m b e r ) t 1

[ ' t e d i t 6 . t e x t t 1 ] 1 ;

1 6 2 6 :  e d i t 7 . r e f r e s h ;  / / d i s p l a y s  t h e  f i l e  ( w i t h  f i l e p a t h )  c u r r e n t l y  b e i n g  p a r s e d
( i f  i t  e x i s t s )

1 6 2 7 :  e d i t 6 . t e x t : ^ C u r r e n t D a t e ; e d i t 6 . r e f r e s h ;  / / d i s p l a y s  t h e  c u r r e n t  d a t e  b e i n g  r e a d  
1 6 2 8 :  i f  F i l e E x i s t s ( 1 a b e l l . c a p t i o n t ' \ ' t ' P e r c h 1 t l n t T o S t r ( C a g e N u m b e r ) t 1 

[ 1 t e d i t 6 . t e x t t 1 ] . t x t 1 )

1 6 2 9 :  / / c h e c k s  w h e t h e r  f i l e  e x i s t s  o r  n o t ,  i f  s o  t h e n  t h e  c o d e  b e l o w  i s  e x e c u t e d
1 6 3 0 :  t h e n  b e g i n
1 6 3 1 :
1 6 3 2 :  a s s i g n F i l e ( F ,  l a b e l l . c a p t i o n t 1 \ ' t 1 P e r c h  1 t l n t T o S t r ( C a g e N u m b e r ) t '

[ 1 t e d i t 6 . t e x t t 1 ] . t x t ' ) ;

1 6 3 3 :  / / F  i d e n t i f i e s  t h e  t e x t f i l e  c u r r e n t l y  b e i n g  p a r s e d  
1 6 3 4 :  e d i t 5 . t e x t : = ' d a t a  t o  c : \ P a r s e d P e r c h D a t a ' ;

1 6 3 5 :  t o t a l P e r c h M o v e m e n t s : = 0 ;  / / t h i s  v a r i a b l e  i s  u s e d  t o  c o u n t  t o t a l  h o p s  p e r  p e r i o d  
1 6 3 6 :
1 6 3 7 :  T r a n s f o r m P e r c h D a t a . d e f a u l t : = t r u e ; / / m a k e s  b u t t o n  t h e  n e w  d e f a u l t  c o n t r o l  
1 6 3 8 :  A s s i g n F i l e ( t i m e s , ' c : \ P a r s e d P e r c h D a t a \ C u r r e n t  T i m e  D i v i s i o n s  ( M i n s ) . t x t 1 ) ;

1 6 3 9 :  A s s i g n F i l e ( R e s u l t s ,  ' c : \ t e m p i P r o p H o p s P e r P e r c h ' t l n t T o S t r ( C a g e N u m b e r ) t 1 

[ 1 t C u r r e n t D a t e t ' ] . t x t ' ) ;

1 6 4 0 :  / / a s s i g n s  f i l e s  f o r  s t o r a g e  o f  t i m e  d i v i s i o n s  a n d  t h e  R e s u l t s  O u t p u t  (Modi
p r e f i x )

1 6 4 1 :
1 6 4 2 :  r e s e t ( F ) ;  / / r e s e t s  f i l e  b e i n g  r e a d
1 6 4 3 :  / /  R e w r i t e  ( t i m e s )  ; / / c l e a r s  a n y  p r e v i o u s  c o n t e n t  i n  t i m e s  f i l e
1 6 4 4 :  r e w r i t e ( r e s u l t s ) ; / / c l e a r s  a n y  p r e v i o u s  c o n t e n t  i n  r e s u l t s  f i l e
1 6 4 5 :

1 6 4 6 :  / / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  l i n e s .
1 6 4 7 :  r e a d L n ( F ,  S t r ) ;

1 6 4 8 :  w h i l e  S t r O '  1 d o  b e g i n  T o t a l : = T o t a l t l ; / / t o t a l  l i n e s
1 6 4  9 :  / / E d i t T o t a l . t e x t : = i n t t o s t r  ( t o t a l ) ;
1 6 5 0 :  / / E d i t T o t a l . r e  f r e s h ;
1 6 5 1 :  R e a d L n ( F ,  S t r ) ;

1 6  5 2 :  e n d ;
1 6 5 3 :  C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  n o .  o f  l i n e s  h e l d  i n  T o t a l .
1 6 5 4 :  E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ;  / / d i s p l a y s  t o t a l  l i n e s
1 6 5 5 :  R e s e t ( F ) ;  / / r e s e t s  f i l e  b e i n g  r e a d  a g a i n
1 6 5 6 :  F i l e L i s t B o x l . c o l o r : = c l l i m e ; f i l e l i s t b o x l . r e f r e s h ;  / / c a u s e s  F i l e L i s t B o x  t o



1 6 5 7

1 6 5 8
1 6 5 9

1 6 6 0  
1 6 6 1

1 6 6 2
1 6 6 3

1 6 6 4
1 6 6 5

1 6 6 6
1 6 6 7
1 6 6 8

1 6 6 9

1 6 7 0
1 6 7 1

1 6 7 2

1 6 7 3

1 6 7 4
1 6 7 5

1 6 7 6

1 6 7 7

1 6 7 8

1 6 7 9

1 6 8 0  
1 6 8 1  

1 6 8 2

1 6 8 3

1 6 8 4
1 6 8 5

1 6 8 6

1 6 8 7

1 6 8 8  

1 6 8  9

1 6 9 0
1 6 9 1

1 6 9 2
1 6 9 3

1 6 9 4

1 6 9 5

1 6 9 6
1 6 9 7

1 6 9 8

1 6 9 9

1 7 0 0

1 7 0 1

1 7 0 2

1 7 0 3
1 7 0 4

1 7 0 5

1 7 0 6

1 7 0 7

1 7 0 8

1 7 0 9

1 7 1 0

1 7 1 1

1 7 1 2

1 7 1 3

1 7 1 4

1 7 1 5

1 7 1 6

1 7 1 7

1 7 1 8

1 7 1 9

f l a s h
for k : = l  to t o t a l  do begin / / r e a d s  t h r o u g h  e a c h  l i n e  o f  t h e  t e x t f i l e ,  t h i s  i s  

t h e  MAIN ROUTINE
R e a d L n ( F ,  S t r ) ;  / / l o a d s  c u r r e n t  l i n e  o f  t e x t f i l e  i n t o  S t r  v a r i a b l e .

for i : = l  to 1 6  do begin / /  r e a d s  e a c h  c h a r a c t e r  o f  s t r i n g  i n  t u r n .
/ / o n l y  r e a d s  t o  n u m b e r  1 6  t o  a v o i d  r e a d i n g  i n  t h e  t h i r d  comma,  c . f .

B a l a  n e e  F i l e  P a r s e r
if Str[i]=',' then begin if flag=false then begin mkl:=i; flag:=true

end
else begin

m k 2 : = i ; f l a g : = f a l s e ;  / / c o m m a  p o s i t i o n s  l o c a t e d  i n  m k l  a n d  m k2  
end; end;

end;
/ / f i n d s  p o s i t i o n s  o f  t h e  f i r s t  tw o  co mm as  i n  l i n e  ( o n l y )

C o m m a G a p : = m k 2 - m k l ; / / c a l c u l a t e s  t h e  d i s t a n c e  b e t w e e n  t h e  tw o  co m m a s .  
if C o m m a G a p = 9  then t i m e S t r := c o n c a t (s t r [4]+s t r [5]+s t r [6 ] +s t r [7 ] ) ; 
if C o m m a G a p = 1 0  then t i m e S t r := c o n c a t (s t r [4]+s t r [5]+s t r [6]+ s t r [7]+s t r [8]); 
if T i m e S t r O '  1 then Time : =strToInt(TimeStr ) ;  / / t h i s  i s  t h e  t i m e  i n  s e c o n d s .
y  y A r y k y k y k A r A r y k y k A r A ’ y b A r A r A r A r A ' A ' A ' A r A r A r A r A r A r y k y b A r A r y b A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A ' A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r A r  

1:
with T i m e s i n i  do begin / / T i m e s i n i  i s  t h e  . i n i  f i l e  c o n t a i n i n g  t h e  c u r r e n t  

p e r i o d  s e t t i n g s
S t a r t : = R e a d I n t e g e r ( 1 S e c o n d G a p s ' ,

1 I n t e r v a l ' t i n t t o s t r ( i n t e r v a l c o u n t e r ) t ' S t a r t ' ,  - 1 ) ;

E n d d : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,  ' I n t e r v a l ' t l n t T o S t r ( I n t e r v a l c o u n t e r ) t ' E n d ' ,  

- 1 ) ;
/ / S t a r t  a n d  E n d d  a r e  v a r i a b l e s  c o n t a i n i n g  s t a r t  a n d  e n d  o f  i n t e r v a l  i n  

s e c o n d s .
end;

If T i m e > = S t a r t  then if T i m e < = E n d d  then begin

if S t r = ' '  then S t r : = ' 0 ' ;  / / l o a d s  c u r r e n t  l i n e  o f  t e x t f i l e  i n t o  S t r  
v a r i a b l e .

if C a g e N u m b e r = l  then begin / / c o r r e c t s  p e r c h  n u m b e r s  t o  c o r r e s p o n d  t o  s t a n d a r d . . .  
if s t r [ l ] = ' 3 '  then P e r c h O n e : = P e r c h O n e + l ; 

if s t r [ l ] = ' 2 '  then P e r c h T w o : = P e r c h T w o + l ; 

if s t r [ l ] = ' 4 '  then P e r c h T h r e e : = P e r c h T h r e e t 1 ;  

if s t r [ l ] = ' l '  then P e r c h F o u r : = P e r c h F o u r t l ; 

end;
if C a g e N u m b e r = 2  then begin 
if s t r [ l ] = ' 2 '  then P e r c h O n e : = P e r c h O n e t l ; 
if s t r [ l ] = ' 3 '  then P e r c h T w o : = P e r c h T w o t l ; 
if s t r [ l ] = ' l '  then P e r c h T h r e e : = P e r c h T h r e e t l ; 

if s t r [ l ] = ' 4 '  then P e r c h F o u r : = P e r c h F o u r t l ; 

end;
if C a g e N u m b e r = 3  then begin 
if s t r [ l ] = ' 2 '  then P e r c h O n e : = P e r c h O n e t l ; 

if s t r [ l ] = ' l '  then P e r c h T w o : = P e r c h T w o t l ; 

if s t r [ l ] = ' 3 '  then P e r c h T h r e e : = P e r c h T h r e e t l ; 

if s t r [ l ] = ' 4 '  then P e r c h F o u r : = P e r c h F o u r t l ; 

end;
if C a g e N u m b e r > 3  then begin 
if s t r [ l ] = ' l '  then P e r c h O n e : = P e r c h O n e t l ; 

if s t r [ l ] = ' 2 '  then P e r c h T w o : = P e r c h T w o t l ; 

if s t r [ l ] = ' 3 '  then P e r c h T h r e e : = P e r c h T h r e e + l ; 

if s t r [ l ] = ' 4 '  then P e r c h F o u r : = P e r c h F o u r + l ; 

end;

TotalPerchMovements:=TotalPerchMovements+l;
P e r c h F l a g : = t r u e ; / / s i g n i f i e s  t h a t  t h e r e  was  a p e r c h  m o v e m e n t  d u r i n g  c u r r e n t  

p e r i o d
end else

begin
if PerchFlag=false then begin//!/ n o  m o v e m e n t s  o c c u r e d  t h e n  d o  t h i s  

Append(Results);
WriteLn(Results, '0; 0; 0; O'); / / w r i t e s  a z e r o  i n  a s  r e s u l t
CloseFile(Results);
I n t e r v a l c o u n t e r : = I n t e r v a l C o u n t e r + l ; / / u p s  I n t e r v a l c o u n t e r  b y  o n e ,  n e x t

p e r i o d
goto 1 ;  / / s e n d s  e x e c u t i o n  b a c k  t o  s e e  i f  p r e s e n t  p e r c h  m o v e m e n t  f i t s  

w i t h i n  n e x t  p e r i o d
end else

begin / / t h i s  c o d e  i s  e x e c u t e d  i f  t h e r e  a r e  P e r c h M o v e m e n t s  w i t h i n



1 7 2 0
1 7 2 1

1 7 2 2

1 7 2 3
1 7 2 4

1 7 2 5

1 7 2 6 :
1 7 2 7  :

1 7 2 8  :

1 7 2 9  :

1 7 3 0

1 7 3 1

1 7 3 2

1 7 3 3

1 7 3 4

1 7 3 5

1 7 3 6

1 7 3 7

1 7 3 8  :

1 7 3 9
1 7 4 0

1 7 4 1

1 7 4 2
1 7 4 3

1 7 4 4

1 7 4 5

1 7 4 6

1 7 4 7

1 7 4 8

1 7 4 9

1 7 5 0

1 7 5 1

1 7 5 2

1 7 5 3
1 7 5 4
1 7 5 5

1 7 5 6
1 7 5 7

1 7 5 8

1 7 5 9

1 7 6 0

1 7 6 1

1 7 6 2

1 7 6 3

1 7 6 4

1 7 6 5

1 7 6 6

1 7 6 7

1 7 6 8

1 7 6 9

1 7 7 0

1 7 7 1

1 7 7 2

1 7 7 3

1 7 7 4

1 7 7 5

1 7 7 6

1 7 7 7

1 7 7 8

1 7 7 9

c u r r e n t  p e r i o d
T o t a l M o v e m e n t s : = P e r c h O n e + P e r c h T w o + P e r c h T h r e e + P e r c h F o u r ;

A p p e n d ( R e s u l t s ) ;
W r i t e L n ( R e s u l t s , F l o a t T o S t r F ( P e r c h O n e / T o t a l M o v e m e n t s , f f F i x e d ,  5 ,

4 ) + '  ; ' +
F l o a t T o S t r F ( P e r c h T w o / T o t a l M o v e m e n t s , f f F i x e d ,  5 ,  4 ) + ' ;  ' +

F l o a t T o S t r F ( P e r c h T h r e e / T o t a l M o v e m e n t s ,  f f F i x e d ,  5 ,  4 ) + ' ;  ' +
F l o a t T o S t r F ( P e r c h F o u r / T o t a l M o v e m e n t s , f f F i x e d ,  5 ,  4 ) ) ; / / l o g  t o t a l

p e r c h  m o v e m e n t s  w i t h i n  p e r i o d  
P e r c h O n e : = 0 ;  P e r c h T w o : = 0 ;  P e r c h T h r e e : = 0 ;  P e r c h F o u r : = 0 ;  T o t a l M o v e m e n t s : = 0 ;  

C l o s e F i l e ( R e s u l t s ) ;

T o t a l P e r c h M o v e m e n t s : = 0 ;  / / z e r o e s  t h i s  v a r i a b l e  r e a d y  f o r  n e x t
c o u n  t

I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r + l ; / / u p s  I n t e r v a l  C o u n t e r  b y  o n e , 
t o  n e x t  p e r i o d

P e r c h F l a g : = F a l s e ; / / r e s e t s  t h i s  f l a g  
g o t o  1 ;  / / s e n d s  e x e c u t i o n  b a c k  t o  l a b e l  1 a g a i n  

e n d ;

e n d ;

e n d ;  / / e n d  o f  ' f o r  k : = l  t o  t o t a l  d o '  r o u t i n e .

I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r + l ; / / h a v i n g  r e a d  t o  e n d  o f  f i l e ,  t h i s  s e c t i o n  
f i l l s  i n  b l a n k  v a l u e s  s o  t h a t  o u t p u t  f i l e s  h a v e  a u n i f o r m  n u m b e r  o f  l i n e s  

i f  P e r c h F l a g = t r u e  t h e n  b e g i n / / i f  f l a g  i s  t r u e  t h e n  t h e r e  i s  r e m a i n i n g  d a t a  t o  
b e  w r i t t e n

A p p e n d ( R e s u l t s ) ;
T o t a l M o v e m e n t s : = P e r c h O n e + P e r c h T w o + P e r c h T h r e e + P e r c h F o u r ;

W r i t e L n ( R e s u l t s  , F l o a t T o S t r F ( P e r c h O n e / T o t a l M o v e m e n t s , f f F i x e d ,  5 ,  4 )  +  ’ ; ' +

F l o a t T o S t r F ( P e r c h T w o / T o t a l M o v e m e n t s , f f F i x e d ,  5 ,  4 )  +  ' ;  ' +
F l o a t T o S t r F ( P e r c h T h r e e / T o t a l M o v e m e n t s , f f F i x e d ,  5 ,  4 ) + ' ;  ' +

F l o a t T o S t r F ( P e r c h F o u r / T o t a l M o v e m e n t s , f f F i x e d ,  5 ,  4 ) ) ;

P e r c h O n e : = 0 ;  P e r c h T w o : = 0 ;  P e r c h T h r e e : = 0 ;  P e r c h F o u r : = 0 ;  T o t a l M o v e m e n t s : = 0 ;  

C l o s e F i l e ( R e s u l t s ) ;

P e r c h F l a g : = F a l s e ;

C l o s e F i l e ( F ) ; / / c l o s e s  c u r r e n t  d a t a  f i l e  a s  i t  h a s  b e e n  r e a d  t o  t h e  e n d  n o w . . .  
w h i l e  s t a r t o - l  d o  b e g i n  / / w h i l e  t h e r e  a r e  s t i l l  p e r i o d s  r e m a i n i n g  
w i t h  T i m e s l n i  d o
S t a r t : ^ R e a d l n t e g e r ( ' S e c o n d G a p s 1 ,

1 I n t e r v a l 1 + i n t T o S t r ( I n t e r v a l C o u n t e r ) + ' S t a r t ' ,  - 1 ) ;
I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r +  1 ;
A p p e n d ( R e s u l t s ) ;

i f  s t a r t < > - l  t h e n  W r i t e L n ( R e s u l t s , ' 0 ;  0 ;  0 ;  O ' ) ;

T o t a l M o v e m e n t s : = 0 ;  / / c o n t i n u e s  t o  a d d  b l a n k  l i n e s  t o  e n s u r e  u n i f o r m i t y  
C l o s e F i l e ( r e s u l t s ) ;

e n d ;

P e r c h F l a g : = f a l s e ; / / e n s u r e s  t h i s  f l a g  i s  s e t  t o  f a l s e  a t  t h i s  s t a g e  
i n t e r v a l C o u n t e r : = 0 ;

m k l : = 0 ;  s t r : = l 1 ; t i m e S t r : = ' ' ;  F l a g : = F a l s e ;  P e r c h F l a g : = f a l s e ; 

I n t e r v a l C h e c k : = F a l s e ;

t i m e : = 0 ;  / / s e t s  r e l e v a n t  v a r i a b l e s  b a c k  t o  d e f a u l t  v a l u e s  r e a d y  f o r  r e a d  o f  
n e x t  f i l e

/ /  C l o s e F i l e  ( T i m e s )  ;
T o t a l : = 0 ;  I n t e r v a l C o u n t e r : = 0 ;  T o t a l P e r c h M o v e m e n t s : = 0 ;  S t a r t : = 0 ;  E n d d : = 0 ;  

/ / m o r e  r e s e t t i n g
F i l e L i s t B o x l . c o l o r : = c l w i n d o w ;  / / b r i e f l y  a l t e r s  c o l o r  o f  F i l e L i s t B o x  t o  

d e n o t e  e n d  o f  r e a d

/  /  o £  r j_ £  F1 i  i  0 E x  i  s  t  r o u t i n e  r

E n d ;
i f  C u r r e n t D a t e = e d i t 8 . t e x t  t h e n  g o t o  3 ; / / i f  C u r r e n t D a t e  i s  f i n i s h  d a t e  t h e n  t h i s  

c o d e  s t o p s
g o t o  2 ;  / / e l s e  i t  g o e s  b a c k  t o  l a b e l  2 t o  b e g i n  r e a d i n g  n e x t  f i l e  i n  t h e  

s e q u e n c e  
3 :

e n d ;



p r o c e d u r e  T F o r m l . B u t t o n 2 C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
e d i t 6 . t e x t : = ' 1 4  0 3  9 8 ' ;

e d i t 8 . t e x t : = ' 2 1  0 4  9 8 ' ; / / s e t s  d a t e s  f o r  MA2 
e n d ;

p r o c e d u r e  T F o r m l . B u t t o n 3 C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
e d i t 6 . t e x t : = ' 3 1  0 1  9 8 ' ;

e d i t 8 . t e x t : = ' 1 0  0 3  9 8 ' ; / / s e t s  d a t e s  f o r  LRE2  
e n d ;

p r o c e d u r e  T F o r m l . B u t t o n 8 C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
e d i t 6 . t e x t : = 1 1 4  1 2  9 8 ' ;

e d i t 8 . t e x t : = 1 0 5  0 2  9 9 ' ; / / s e t s  d a t e s  f o r  FA 
e n d ;

p r o c e d u r e  T F o r m l . B u t t o n 9 C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
e d i t 6 . t e x t : = ' 1 7  0 2  9 9 ' ;

e d i t 8 . t e x t : = ' 1 9  0 3  9 9 ' ; / / s e t s  d a t e s  f o r  F I  
e n d ;

p r o c e d u r e  T F o r m l . B u t t o n l O C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
e d i t 6 . t e x t : = ' 3 1  0 5  9 9 ' ;

e d i t 8 . t e x t : = ' 0 3  0 7  9 9 ' ; / / s e t s  d a t e s  f o r  MA3 
e n d ;

p r o c e d u r e  T F o r m l . P a r s e T e m p e r a t u r e F i l e C l i c k ( S e n d e r : T O b j e c t ) ;  

v a r
c o u n t e r : i n t e g e r ; 

b e g i n
f i l e l i s t b o x l . c o l o r : = c l l i m e ;  f i l e l i s t b o x l . r e f r e s h ;  

c o u n t e r : = 5 9 ;
a s s i g n f i l e ( r e s u l t s ,  ' c : \ t e m p \ p a r s e d T e m p F i l e . t x t ' ) ;  

r e w r i t e ( r e s u l t s ) ;

A s s i g n F i l e ( F ,  l a b e l 1 . c a p t i o n t ' \ ' t F i l e E d i t 1 . t e x t ) ;  

r  e  s  e  t  ( F ) ; 

r e a d L n ( F ,  S t r ) ;  

w h i l e  s t r < > ' ' d o  b e g i n  
r e a d L n ( F ,  S t r ) ;

c o u n t e r : = c o u n t e r + l ; 

i f  c o u n t e r = 3 0 0  t h e n  b d g i n  
c o u n t e r : = 0 ;  

a p p e n d ( r e s u l t s ) ;  

w r i t e L n ( r e s u l t s , s t r ) ;  

c l o s e f i l e ( r e s u l t s ) ; 

e n d ;

e n d ;
f i l e l i s t b o x l . c o l o r : = c l w h i t e ; 

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n l l C l i c k ( S e n d e r : T O b j e c t ) ;  

v a r
T o t a l D u r a t i o n : i n t e g e r ;

i ,  m k l ,  S t a r t t t  : i n t e g e r ;  T i m e S t r ,  s t r ,  C u r r e n t D a t e : s t r i n g ;  

l a b e l  1 ;  l a b e l  2 ;  l a b e l  3 ;  

b e g i n

C u r r e n t D a t e : = e d i t 6 . t e x t ; / / s e t s  s t a r t i n g  d a t e  u s i n g  d e f a u l t  v a l u e  

2 :

F i l e L i s t B o x l . c o l o r : = c l w h i t e ; f i l e l i s t b o x l . r e f r e s h ;

C a g e N u m b e r : = C a g e N u m b e r + l ; i f  C a g e N u m b e r = 9  t h e n  / / i f  c a g e N u m b e r  = 9 t h e n  r e v e r t  
b a c k  t o  1 a g a i n

1 8 4 9 :  b e g i n  C a g e N u m b e r : = 1 ;  C u r r e n t D a t e : = N e x t D a y O f Y e a r ( C u r r e n t D a t e ) ;  e n d ;

1 8  5 0 :  e d i t 7 . t e x t : = l a b e l l . c a p t i o n t ' \ ' + ' P e r c h  ' t l n t T o S t r ( C a g e N u m b e r ) + '

[ ' t e d i t 6 . t e x t t ' ] ' ;

1 8 5 1 :  e d i t 7 . r e f r e s h ;  / / d i s p l a y s  t h e  f i l e  ( w i t h  f i l e p a t h )  c u r r e n t l y  b e i n g  p a r s e d



( i f  i t  e x i s t s )
1 8 5 2 :  e d i t 6 . t e x t : = C u r r e n t D a t e ; e d i t 6 . r e f r e s h ; / / d i s p l a y s  t h e  c u r r e n t  d a t e  b e i n g  r e a d  
1 8  5 3 :  i f  F i l e E x i s t s ( l a b e l 1 . c a p t i o n t ' \ 1 + ' P e r c h ' + I n t T o S t r ( C a g e N u m b e r ) + 1 

[ ' + e d i t 6 . t e x t + ' ] . t x t 1 )

1 8 5 4 :  / / c h e c k s  w h e t h e r  f i l e  e x i s t s  o r  n o t ,  i f  s o  t h e n  t h e  c o d e  b e l o w  i s  e x e c u t e d
1 8  5 5 :  t h e n  b e g i n
1 8 5 6  :
1 8 5 7 :  a s s i g n F i l e ( F ,  l a b e l 1 . c a p t i o n t 1 \ ' + ' P e r c h ' t l n t T o S t r ( C a g e N u m b e r ) + 1 

[ 1 + e d i t 6 . t e x t t ' ] . t x t 1 ) ;

1 8 5 8  : / / F  i d e n t i f i e s  t h e  t e x t  f i l e  c u r r e n t l y  b e i n g  p a r s e d  
1 8 5 9 :  e d i t 5 . t e x t : =  1 d a t a  t o  c : \ P a r s e d P e r c h D a t a ' ;

1 8 6 0 :  t o t a l P e r c h M o v e m e n t s : = 0 ;  / / t h i s  v a r i a b l e  i s  u s e d  t o  c o u n t  t o t a l  h o p s  p e r  p e r i o d  
1 8 6 1  :
1 8 6 2 :  T r a n s f o r m P e r c h D a t a . d e f a u l t : = t r u e ; / / m a k e s  b u t t o n  t h e  n e w  d e f a u l t  c o n t r o l  
1 8 6 3 :  A s s i g n F i l e ( t i m e s , ' c : \ P a r s e d P e r c h D a t a \ C u r r e n t  T i m e  D i v i s i o n s  ( M i n s ) . t x t ' ) ;

1 8 6 4 :  A s s i g n F i l e ( R e s u l t s , ' c : \ t e m p \ M o d i P e r c h ' + I n t T o S t r ( C a g e N u m b e r ) + '

[ ' + C u r r e n t D a t e + ' ] . t x t ' ) ;

1 8 6 5 :  / / a s s i g n s  f i l e s  f o r  s t o r a g e  o f  t i m e  d i v i s i o n s  a n d  t h e  R e s u l t s  O u t p u t  (Modi
p r e f i x )

1 8 6 6  :

1 8 6 7 :  r e s e t ( F ) ; / / r e s e t s  f i l e  b e i n g  r e a d
1 8 6 8 :  R e w r i t e ( t i m e s ) ;  / / c l e a r s  a n y  p r e v i o u s  c o n t e n t  i n  t i m e s  f i l e
1 8 6 9 :  r e w r i t e ( r e s u l t s ) ; / / c l e a r s  a n y  p r e v i o u s  c o n t e n t  i n  r e s u l t s  f i l e
1 8 7 0  :

1 8 7 1 :  / / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  l i n e s .
1 8 7 2 :  r e a d L n ( F ,  S t r ) ;

1 8 7 3 :  w h i l e  S t r O 1 1 d o  b e g i n  T o t a l : = T o t a l  +  l ; / / t o t a l  l i n e s
1 8  7 4 :  / / E d i t T o t a l . t e x t : = i n t t o s t r  ( t o t a l )  ;
1 8  7 5 :  / / E d i t T o t a l . r e f r e s h ;
1 8 7 6 :  R e a d L n ( F ,  S t r ) ;

1 8  7 7 :  e n d ;

1 8 7 8 :  C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  n o .  o f  l i n e s  h e l d  i n  T o t a l .
1 8 7 9 :  E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ;  / / d i s p l a y s  t o t a l  l i n e s
1 8  8 0 :  R e s e t ( F ) ;  / / r e s e t s  f i l e  b e i n g  r e a d  a g a i n
1 8 8 1 :  F i l e L i s t B o x l . c o l o r : = c l l i m e ; f i l e l i s t b o x l . r e f r e s h ;  / / c a u s e s  F i l e L i s t B o x  t o

f l a s h
1 8  8 2 :  f o r  k : = 1  t o  t o t a l  d o  b e g i n  / / r e a d s  t h r o u g h  e a c h  l i n e  o f  t h e  t e x t f i l e ,  t h i s  i s

t h e  MAIN ROUTINE
1 8 8 3 :  R e a d L n ( F ,  S t r ) ;  / / l o a d s  c u r r e n t  l i n e  o f  t e x t f i l e  i n t o  S t r  v a r i a b l e .
1 8 8 4 :  i f  k = l  t h e n  S t r : = ' l ,  1 0 0 0 0 ,  0 0 : 0 0 : 1 0 ,  9 9 9 9 ' ;

1 8  8 5 :  f o r  i : = l  t o  L e n g t h  ( s t r )  d o  b e g i n / /  r e a d s  e a c h  c h a r a c t e r  o f  w h o l e  s t r i n g  i n
t u r n .

1 8  8 6 :  i f  s t r [ i ] = ' , ' t h e n  b e g i n
1 8 8 7 :  i f  C o m m a f l a g = l  t h e n  b e g i n  m k l : = i ;  C o m m a f l a g : = 2  e n d  e l s e

1 8  8 8 :  i f  C o m m a f l a g = 2  t h e n  b e g i n  m k 2 : = i ;  C o m m a f l a g : = 3  e n d  e l s e

1 8 8 9 :  i f  C o m m a f l a g = 3  t h e n  b e g i n  m k 3 : = i ;  C o m m a f l a g : = l  e n d ;

1 8  9 0 :  e n d ;  e n d ;  / / a b o v e  r o u t i n e  f i n d s  t h e  p o s i t i o n s  o f  t h e  commas
1 8  9 1 :  C o m m a G a p : = m k 2 - m k l ; / / c a l c u l a t e s  t h e  d i s t a n c e  b e t w e e n  t h e  tw o  co m m a s .
1 8  9 2 :  i f  C o m m a G a p = 9  t h e n  t i m e S t r : = c o n c a t ( s t r [ 4 ] + s t r [ 5  ] + s t r [ 6 ]  + s t r [ 7  ] ) ;

1 8 9 3 :  i f  C o m m a G a p = 1 0  t h e n  t i m e S t r : = c o n c a t ( s t r [ 4 ] + s t r [ 5 ] + s t r [ 6 ] + s t r [ 7 ] + s t r [ 8 ] ) ;

1 8 9 4 :  i f  T i m e S t r O ' '  t h e n  T i m e : = s t r T o I n t ( T i m e S t r ) ;  / / t h i s  i s  t h e  t i m e  i n  s e c o n d s .  
1 8 9 5 :  d u r a t i o n / / s e t s  d u r a t i o n  t o  a n u l l  s t r i n g .
1 8 9 6 :  f o r  i : = m k 3 + 2  t o  L e n g t h ( S t r )  d o  
1 8 9 7 :  d u r a t i o n : = d u r a t i o n + S t r [ i ] ;
1 8 9 8 :  / / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

1 8 9 9 :  1 :

1 9 0 0 :  w i t h  T i m e s l n i  d o  b e g i n  / / T i m e s l n i  i s  t h e  . i n i  f i l e  c o n t a i n i n g  t h e  c u r r e n t
p e r i o d  s e t t i n g s  

1 9 0 1 :  S t a r t : = R e a d I n t e g e r ( 1 S e c o n d G a p s 1 ,

1 I n t e r v a l ' + I n t t o s t r ( i n t e r v a l C o u n t e r )  +  ' S t a r t 1 , - 1 ) ;

1 9  0 2 :  E n d d : = R e a d I n t e g e r ( 1 S e c o n d G a p s ' ,  1 I n t e r v a l ' + I n t T o S t r ( I n t e r v a l C o u n t e r ) + ' E n d  1 ,

- 1 )  ;
1 9 0 3 :  / / S t a r t  a n d  E n d d  a r e  v a r i a b l e s  c o n t a i n i n g  s t a r t  a n d  e n d  o f  i n t e r v a l  i n

s e c o n d s .
1 9  0 4 :  e n d ;
1 9 0 5 :  I f  T i m e > = S t a r t  t h e n  i f  T i m e < = E n d d  t h e n  b e g i n

1 9 0 6 :  T o t a l P e r c h M o v e m e n t s : = T o t a l P e r c h M o v e m e n t s + l ; / / s u m s  t o t a l  h o p s
1 9 0 7 :  T o t a l D u r a t i o n : = T o t a l D u r a t i o n + S t r t o I n t ( D u r a t i o n ) ; / / s u m s  t o t a l  t i m e  on

p e r c h e s
1 9 0 8 :  P e r c h F l a g : = t r u e ; / / s i g n i f i e s  t h a t  t h e r e  was  a p e r c h  m o v e m e n t  d u r i n g  c u r r e n t

p e r i o d
1 9 0 9 :  e n d  e l s e

1 9 1 0 :  b e g i n

1 9 1 1 :  i f  P e r c h F l a g = f a l s e  t h e n  b e g i n / / i f  n o  m o v e m e n t s  o c c u r e d  t h e n  d o  t h i s



1 9 1 2

1 9 1 3

1 9 1 4
1 9 1 5

1 9 1 6 :

1 9 1 7  :

1 9 1 8  :

1 9 1 9
1 9 2 0

1 9 2 1
1 9 2 2

1 9 2 3

1 9 2 4

1 9 2 5
1 9 2 6
1 9 2 7

1 9 2 8

1 9 2 9

1 9 3 0

1 9 3 1

1 9 3 2

1 9 3 3

1 9 3 4

1 9 3 5
1 9 3 6
1 9 3 7

1 9 3 8

1 9 3 9

1 9 4 0

1 9 4 1

1 9 4 2

1 9 4 3
1 9 4 4
1 9 4 5

1 9 4 6
1 9 4 7

1 9 4 8

1 9 4 9

1 9 5 0

1 9 5 1

1 9 5 2 :

1 9 5 3 :  

1 9 5 4  :

1 9 5 5 :

1 9 5 6
1 9 5 7

1 9 5 8

1 9 5 9 :

1 9 6 0

1 9 6 1

1 9 6 2

1 9 6 3 :

1 9 6 4 :

A p p e n d ( R e s u l t s ) ;

W r i t e L n ( R e s u l t s , 0 ) ;  / / w r i t e s  a z e r o  i n  a s  r e s u l t
C l o s e F i l e ( R e s u l t s ) ;

I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r + l ; / / u p s  I n t e r v a l C o u n t e r  b y  o n e , n e x t
p e r i o d

g o t o  1 ;  / / s e n d s  e x e c u t i o n  b a c k  t o  s e e  i f  p r e s e n t  p e r c h  m o v e m e n t  f i t s  
w i t h i n  n e x t  p e r i o d

e n d  e l s e

b e g i n  / / t h i s  c o d e  i s  e x e c u t e d  i f  t h e r e  a r e  P e r c h M o v e m e n t s  w i t h i n  
c u r r e n t  p e r i o d

A p p e n d ( R e s u l t s ) ;

W r i t e L n ( R e s u l t s , T o t a l D u r a t i o n / T o t a l P e r c h M o v e m e n t s ) ; / / l o g  t o t a l  
p e r c h  m o v e m e n t s  w i t h i n  p e r i o d  

C l o s e F i l e ( R e s u l t s ) ;

T o t a l P e r c h M o v e m e n t s : = 0 ;  / / z e r o e s  t h i s  v a r i a b l e  r e a d y  f o r  n e x t
c o u n  t

T o t a l D u r a t i o n : = 0 ;  / / z e r o e s  t h i s  a l s o  r e a d y  f o r  n e x t  c o u n t
I n t e r v a l C o u n t e r  : = I n t e r v a l C o u n t e r  +  ' l ; / / u p s  I n t e r v a l  C o u n t e r  b y  o n e , 

t o  n e x t  p e r i o d
P e r c h F l a g : = F a l s e ;  / / r e s e t s  t h i s  f l a g  
g o t o  1 ;  / / s e n d s  e x e c u t i o n  b a c k  t o  l a b e l  1 a g a i n  

e n d ;

e n d ;

e n d ;  / / e n d  o f  ' f o r  k : = l  t o  t o t a l  d o '  r o u t i n e .

I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r + l ; / / h a v i n g  r e a d  t o  e n d  o f  f i l e , t h i s  s e c t i o n  
f i l l s  i n  b l a n k  v a l u e s  s o  t h a t  o u t p u t  f i l e s  h a v e  a u n i f o r m  n u m b e r  o f  l i n e s  

i f  P e r c h F l a g = t r u e  t h e n  b e g i n / / i f  f l a g  i s  t r u e  t h e n  t h e r e  i s  r e m a i n i n g  d a t a  t o  
b e  w r i t t e n

A p p e n d ( R e s u l t s ) ;

W r i t e L n ( R e s u l t s , T o t a l D u r a t i o n / T o t a l P e r c h M o v e m e n t s ) ;

C l o s e F i l e ( R e s u l t s ) ;
P e r c h F l a g : = F a l s e ;

C l o s e F i l e ( F ) ; / / c l o s e s  c u r r e n t  d a t a  f i l e  a s  i t  h a s  b e e n  r e a d  t o  t h e  e n d  n o w . . .  
w h i l e  s t a r t o - 1  d o  b e g i n  / / w h i l e  t h e r e  a r e  s t i l l  p e r i o d s  r e m a i n i n g  
w i t h  T i m e s l n i  d o
S t a r t : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,

' I n t e r v a l ' t i n t T o S t r ( I n t e r v a l C o u n t e r ) + ' S t a r t ' ,  - 1 ) ;

I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r  +  l  ;
A p p e n d ( R e s u l t s ) ;

i f  s t a r t o - 1  t h e n  W r i t e L n  ( R e s u l t s , 0 ) ;  / / c o n t i n u e s  t o  a d d  b l a n k  l i n e s  t o
e n s u r e  u n i f o r m i t y

C l o s e F i l e ( r e s u l t s ) ;

e n d ;

P e r c h F l a g : = f a l s e ; / / e n s u r e s  t h i s  f l a g  i s  s e t  t o  f a l s e  a t  t h i s  s t a g e
i n t e r v a l C o u n t e r : = 0 ;

f o r  i : = l  t o  8 0  d o  b e g i n  / / t h i s  c o d e  c r e a t e s  t h e  f i l e  c o n t a i n i n g  c u r r e n t  
p e r i o d  s t a r t  t i m e s

/ / i t  r u n s  t h e  c o d e  80  t i m e s ,  t h i s  i s  a r b i t r a r y  a n d  e x c e e d s  m a x i m u m  n o .  o f  
p o s s i b l e  l i n e s  

w i t h  T i m e s l n i  d o

S t a r t : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,

' I n t e r v a l ' + i n t t o s t r ( I n t e r v a l C o u n t e r ) + ' S t a r t ' ,  - 1 ) ;

i f  s t a r t o - 1  t h e n  W r i t e L n  ( T i m e s , ( I n t t o s t r  ( S t a r t  d i v  6 0  ) ) ) ;  / / d i v i d e s  b y  60
h e n c e  m i n u t e s  

I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r + l ; 

e n d ;
m k l : = 0 ;  s t r :  =  " ;  t i m e S t r :  =  ' ' ;  F l a g : = F a l s e ;  P e r c h F l a g : = f a l s e  ;

I n t e r v a l C h e c k : = F a l s e ;

t i m e : = 0 ;  / / s e t s  r e l e v a n t  v a r i a b l e s  b a c k  t o  d e f a u l t  v a l u e s  r e a d y  f o r  r e a d  o f  
n e x t  f i l e

C l o s e F i l e ( T i m e s ) ;

T o t a l : = 0 ;  I n t e r v a l C o u n t e r : = 0 ;  T o t a l P e r c h M o v e m e n t s : = 0 ;  S t a r t : = 0 ;  E n d d : = 0 ;  

/ / m o r e  r e s e t t i n g
T o t a l D u r a t i o n : = 0 ;

F i l e L i s t B o x l . c o l o r : = c l w i n d o w ;  / / b r i e f l y  a l t e r s  c o l o r  o f  F i l e L i s t B o x  t o  
d e n o t e  e n d  o f  r e a d

1 9 6 5

1 9 6 6

1 9 6 7
/ / o f  ' i f  F i l e E x i s t  r o u t i n e ' * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *



1 9 6 8  ::

1 9 6 9 : :  E n d  ;
1 9 7 0 : :  i f  C u r r e n t D a t e = e d i t 8 . t e x t  t h e n  g o t o  3 ; / / i f  C u r r e n t D a t e  i s  f i n i s h  d a t e  t h e n  t h i s  

c o d e  s t o p s
1 9 7 1 : :  g o t o  2 ;  / / e l s e  i t  g o e s  b a c k  t o  l a b e l  2 t o  b e g i n  r e a d i n g  n e x t  f i l e  i n  t h e  

s e q u e n c e  
1 9 7 2 ;  3 :
1 9 7 3  :

1 9 7  4 :  e n d ;

1 9 7 5  ;
1 9 7 6 ;
1 9 7 7  ;

1 9 7 8  :
1 9 7 9 :  p r o c e d u r e  T F o r m l . B t n M e a n H o p G a p C l i c k ( S e n d e r : T O b j e c t ) ;

1 9 8 0 :  l a b e l  1 ;  l a b e l  2 ;  l a b e l  3 ;
1 9 8 1 :  v a r  C u r r e n t D a t e ,  P r e v i o u s S t r ,  P r e v i o u s D u r a t i o n  : S t r i n g ;  T o t a l H o p G a p ,  

t o t a l i s e r : e x t e n d e d ;

1 9 8 2  :

1 9 8 3 :  b e g i n  

1 9 8 4 :  2 :
1 9 8 5 :  T o t a l H o p G a p : = 0 ;

1 9 8 6 :  t o t a l i s e r : = 0 ;

1 9 8 7 :  C u r r e n t D a t e : = e d i t 6 . t e x t ; / / s e t s  s t a r t i n g  d a t e  u s i n g  d e f a u l t  v a l u e
1 9 8 8  :

1 9 8 9  :
1 9 9 0 :  F i l e L i s t B o x l . c o l o r : = c l w h i t e ; f i l e l i s t b o x l . r e f r e s h ;

1 9 9 1 :  C a g e N u m b e r : = C a g e N u m b e r + l ; i f  C a g e N u m b e r = 9  t h e n  / / i f  c a g e N u m b e r  = 9 t h e n  r e v e r t
b a c k  t o  1 a g a i n

1 9 9 2 :  b e g i n  C a g e N u m b e r : = 1 ;  C u r r e n t D a t e : = N e x t D a y O f Y e a r ( C u r r e n t D a t e ) ;  e n d ;

1 9  9 3 :  e d i t 7 . t e x t : = l a b e l l . c a p t i o n ! 1 \ ' ! ' P e r c h  1 t l n t T o S t r ( C a g e N u m b e r ) + 1

[ ' t e d i t 6 . t e x t ! 1 ] ' ;

1 9 9 4 :  e d i t 7 . r e f r e s h ;  / / d i s p l a y s  t h e  f i l e  ( w i t h  f i l e p a t h )  c u r r e n t l y  b e i n g  p a r s e d
( i f  i t  e x i s t s )

1 9 9 5 :  e d i t 6 . t e x t : ^ C u r r e n t D a t e ;  e d i t 6 . r e f r e s h ;  / / d i s p l a y s  t h e  c u r r e n t  d a t e  b e i n g  r e a d  
1 9  9 6 :  i f  F i l e E x i s t s ( l a b e l 1 . c a p t i o n ! 1 \ ' ! ' P e r c h ' ! I n t T o S t r ( C a g e N u m b e r ) ! 1

[ ' ! e d i t 6 . t e x t ! 1 ] . t x t 1 )

1 9 9 7 :  / / c h e c k s  w h e t h e r  f i l e  e x i s t s  o r  n o t ,  i f  s o  t h e n  t h e  c o d e  b e l o w  i s  e x e c u t e d  
1 9 9 8 :  t h e n  b e g i n
1 9 9 9 :  a s s i g n F i l e ( F ,  l a b e l 1 . c a p t i o n ! ' \ ' ! 1 P e r c h  1 ! I n t T o S t r ( C a g e N u m b e r ) ! '

[ 1 ! e d i t 6 . t e x t ! 1 ] . t x t ' ) ;

2 0 0 0 :
2 0 0 1 :  e d i t 5 . t e x t : = ' D a t a  t o  c : \ P a r s e d P e r c h D a t a ,  w i t h  A l t .  p r e f i x ' ; / / i n d i c a t e s  p a t h  t o  

r e s u l t s
2 0 0 2 :  i n t e r v a l C o u n t e r : = 0 ;  D i s p l a y V a l u e : = 0 ;  T o t a l D i s p l a y V a l u e : = 0 ;  / / r e s e t s  s o m e  

v a r i a b l e s
2 0 0 3 :  B u t t o n A w a r d P e r c h S c o r e . d e f a u l t : = t r u e ; / / m a k e s  t h i s  t h e  d e f a u l t  c o n t r o l  
2 0 0 4 :  / / A s s i g n F i l e  ( t i m e s , ' c : \ P a r s e d P e r c h D a t a \ C u r r e n t  T i m e  D i v i s i o n s  ( M i n s )  . t x t ' )  ;
2 0 0 5 :  A s s i g n F i l e ( R e s u l t s , ' c : \ P a r s e d P e r c h D a t a \ A l t l . P e r c h  ' ! I n t T o S t r ( C a g e N u m b e r ) ! 1

[ ' I C u r r e n t D a t e ! 1 ] . t x t 1 ) ; ;

2 0 0 6 :  / /  A s s i g n F i l e ( F , l a b e l l . c a p t i o n ! ' \ ' P F i l e E d i t l . t e x t )  ;
2 0 0 7 :  r e s e t ( F ) ;  / / r e s e t s  s o u r c e  f i l e  r e a d y  f o r  r e a d i n g
2 0 0 8 :  r e w r i t e ( r e s u l t s ) ; / / c l e a r s  r e s u l t s  f i l e  r e a d y  f o r  w r i t i n g
2  0 0 9 :  / /  R e w r i t e ( t i m e s )  ;
2 0 1 0 :  / / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  l i n e s .
2 0 1 1 :  r e a d L n ( F ,  S t r ) ;

2 0 1 2 :  F i l e L i s t B o x l . c o l o r : = c l l i m e ; f i l e l i s t b o x l . r e f r e s h ; / / f l a s h e s  l i s t  b o x  t o  d e n o t e
f i n i s h

2 0 1 3 :  w h i l e  S t r O 1 ' d o  b e g i n  T o t a l : = T o t a l ! l ;

2 0 1 4 :  R e a d L n ( F ,  S t r ) ;

2  0 1 5 :  e n d ;

2 0 1 6 :  C l o s e F i l e ( F ) ; / / e n d  o f  l i n e  c o u n t e r -  n o .  o f  l i n e s  h e l d  i n  T o t a l .
2 0 1 7 :  E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ; / / d i s p l a y s  t o t a l  n o .  o f  l i n e s
2 0 1 8 :  R e s e t ( F ) ;  / / r e s e t s  d a t a  t e x t f i l e  f o r  n e x t  r e a d  o f  v a l u e s

2 0 2 0 :  f o r  k : = l  t o  t o t a l - 1  d o  b e g i n  / / r e a d s  t h r o u g h  e a c h  l i n e  o f  t h e  t e x t f i l e ,  t h i s
i s  t h e  ROUTINE  

2 0 2 1 :  P r e v i o u s S t r : = S t r ;

2 0 2 2 :  R e a d L n ( F ,  S t r ) ;  / / l o a d s  c u r r e n t  l i n e  o f  t e x t f i l e  i n t o  S t r  v a r i a b l e .
2 0 2 3 :  C o m m a F l a g : = 1 ;  / / s e t s  d e f a u l t  v a l u e
2 0 2 4 :  i f  S t r - ' 1 t h e n  S t r : = P r e v i o u s S t r ;

2 0 2 5 :  f o r  i : = l  t o  L e n g t h ( s t r )  d o  b e g i n / /  r e a d s  e a c h  c h a r a c t e r  o f  w h o l e  s t r i n g  i n
t u r n .

2 0 2 6 :  i f  s t r [ i ] = l , 1 t h e n  b e g i n
2 0 2 7 :  i f  C o m m a f l a g = l  t h e n  b e g i n  m k l : = i ;  C o m m a f l a g : = 2  e n d  e l s e



2 0 2 8 :  if C o m m a f l a g = 2  then begin m k 2 : = i ; C o m m a f l a g : = 3  end else
2 0 2 9 :  if C o m m a f l a g = 3  then begin m k 3 : = i ;  C o m m a f l a g : = l  end;
2 0 3 0 :  end; end; / / a b o v e  r o u t i n e  f i n d s  t h e  p o s i t i o n s  o f  t h e  commas
2 0 3 1 :

2 0 3 2  :
2 0 3 3 :  C o m m a G a p : = m k 2 - m k l ; / / c a l c u l a t e s  t h e  d i s t a n c e  b e t w e e n  f i r s t  tw o  co m m a s .
2 0 3 4  :
2 0 3 5 :  if C o r r a n a G a p = 9  then

t i m e S t r : = c o n c a t ( s t r [ 4 ] + s t r [ 5 ] + s t r [ 6 ] + s t r [ 7 ] + s t r [ 8 ] + s t r [ 9 ] + s t r [ 1 0 ] ) ;

2 0 3 6 :  i f  C o m m a G a p = 1 0  t h e n
t i m e S t r : = c o n c a t ( s t r [ 4 ] ! s t r [ 5 ] i s t r [ 6 ] t s t r [ 7 ] i s t r [ 8 ] i s t r [ 9 ] t s t r [ 1 0 ] t s t r [ l l ]  ) ; 

2 0 3 7 :  P r e v i o u s T i m e : = T i m e A ; / / k e e p s  a r u n n i n g  r e c o r d  o f  p r e v i o u s  t i m e  v a l u e
2 0 3 8 :  if T i m e S t r O 1 ' then T i m e A : = s t r T o I n t ( T i m e S t r ) ;  / / t h i s  i s  t h e  t i m e  i n  

m i l l i s e c o n d s .
2 0 3 9 :  H o p G a p : = T i m e A - P r e v i o u s T i m e ; / / T i m e  i n  m i l l i s e c o n d s  b e t w e e n  p r e s e n t  a n d  p r e v i o u s  

h o p s
2 0 4 0 :  if H o p G a p < = 0  then H o p G a p : = 1 ; / / p r e v e n t s  d i v i d e  b y  z e r o  e r r o r s ,  l m s  i s  a 

n e g l i g i b l e  v a l u e
2 0 4 1  :

2 0 4 2 :  P r e v i o u s P e r c h I D : = P e r c h I D ; / / k e e p s  a r u n n i n g  n o t e  o f  w h i c h  p e r c h  was  a c t i v e  
2 0 4 3 :  P e r c h I D : = s t r [ 1 ] ;  / / I d e n t i t y  o f  p e r c h  w h i c h  i s  d e p r e s s e d
2 0 4 4 :  if d u r a t i o n O ' ' then P r e v i o u s D u r a t i o n : = D u r a t i o n  else P r e v i o u s D u r a t i o n : = ' 1 ' ;

2 0 4 5 :  d u r a t i o n : = 1 1 ; / / c l e a r s  d u r a t i o n s  s t r i n g  p r i o r  t o  w r i t i n g  a n e w  v a l u e  i n t o  i t  
2 0 4 6 :  for j : = m k 3 + 2  to L e n g t h  ( S t r )  do
2 0 4 7 :  d u r a t i o n : = d u r a t i o n + S t r [ j ] ; / / g i v e s  s t r i n g  ' D u r a t i o n '  w i t h  d u r a t i o n  i n  M s e c s
2 0 4 8 :  T i m e : = a b s ( T i m e A  div 1 0 0 0 ) ;  / / c o n v e r t s  t i m e  i n t o  s e c o n d s  i n  r e a d i n e s s  f o r  n e x t  

s e c t i o n  o f  c o d e
2 0 4 9 :  / / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

2 0 5 0 :  1 :

2 0 5 1 :  w i t h  T i m e s l n i  d o  b e g i n / V r e f e r s  t o  . i n i  f i l e  f o r  s t a r t  a n d  f i n i s h  t i m e s
2 0 5 2 :  S t a r t : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,

' I n t e r v a l ' t l n t t o s t r ( i n t e r v a l C o u n t e r ) ! ' S t a r t ' ,  - 1 ) ;

2  0 5 3 :  E n d d : = R e a d I n t e g e r ( 1 S e c o n d G a p s ' I n t e r v a l ' + I n t T o S t r ( I n t e r v a l C o u n t e r ) + ' E n d ' ,

- 1 )  ;
2  0 5 4 :  end;
2 0 5 5 :  If T i m e > = S t a r t  then if T i m e < E n d d  then begin

2 0 5 7 :  if S t r T o I n t ( D u r a t i o n ) = 0  then D u r a t i o n : = ' 1 ' ;

2 0 5 8 :  if c a g e N u m b e r = 7  then
2 0 5 9 :  { d o  n o t h i n g }  else begin
2  0  6 0 :  T o t a l H o p G a p : = T o t a l H o p G a p ! ( H o p G a p ) - S t r T o I n t ( P r e v i o u s D u r a t i o n ) ;

2 0 6 1 :  t o t a l i s e r : = t o t a l i s e r ! l ;

2 0 6 2 :  P e r c h F l a g : = t r u e ; end;
2 0 6 3 :

2  0  6 4 :  end else
2  0  6 5 :  begin
2 0 6 6 :  if P e r c h F l a g = f a l s e  then begin
2 0 6 7 :  A p p e n d ( R e s u l t s ) ;

2 0 6 8 :  W r i t e L n ( R e s u l t s , 0 ) ; / / i f  n o  d a t a  f o r  t h a t  p e r i o d  t h e n  a z e r o  i s  a w a r d e d
2 0 6 9 :  C l o s e F i l e ( R e s u l t s ) ;

2 0 7 0 :  I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r t l ; / / c l i c k s  f o r w a r d  t o  t h e  n e x t
i n t e r v a l  

2 0 71: goto 1;
2 0 7 2 :  end else
2  0 7 3 :  b e g i n
2 0 7 4 :  A p p e n d ( R e s u l t s ) ;

2 0 7 5 :  W r i t e L n ( R e s u l t s , f l o a t t o s t r F ( ( T o t a l H o p G a p / T o t a l i s e r ) ,  f f F i x e d ,  6 ,

5 )  ) ;

2 0 7 6 :  C l o s e F i l e ( R e s u l t s ) ;  / / w r i t e s  t h e  p e r c h  d i s p l a y  i n d e x  i n t o  t h e
r e s u l t s  t e x t f i l e  

2 0 7 7 :  T o t a l i s e r : = 0 ;

2 0 7 8 :  T o t a l H o p G a p : = 0 ;

2 0 7 9 :  I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r t l ;  / / c l i c k s  f o r w a r d  o n t o  n e x t
i n t e r v a l

2 0 8 0 :  P e r c h F l a g : = F a l s e ;

2 0 8 1 :  goto 1 ;  / / s e n d s  e x e c u t i o n  p o i n t  b a c k  t o  1
2  0  8 2 :  end;
2 0 8 3 :  end;
2 0 8 4 :  / /  ie * * * * * * * * * * * * * * * * * *  if * * * * * * * * * * * * * * * * * * * * * *  Hr ■* Hr-'it * * * * * * * * * * * * * ' * * * * *  it ^ Je * * * ^ ^
2 0 8 5 :  end; / / e n d  o f  ’ f o r  k : = l  t o  t o t a l  d o '  r o u t i n e .
2 0 8 6 :

2 0 8 7 :  I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r ! l ; / / c l i c k s  f o r w a r d  t o  n e x t  i n t e r v a l  
2 0 8 8 :  if P e r c h F l a g = t r u e  then begin
2 0 8 9 :  A p p e n d ( R e s u l t s ) ;



2 0 9 0 :  
2 0 9 1 :  

2 0 9 2  : 
2 0 9 3 :  

2 0 9 4  : 
2 0 9 5 :  

2 0 9 6 :
2 0 9 7  :

2 0 9 8  :
2 0 9 9  : 

2 1 0 0 :

2 1 0 1 : 
2 1 0 2  :
2 1 0 3  :
2 1 0 4  : 
2 1 0 5 :  

2 1 0 6 :

2 1 0 7  :
2 1 0 8  :

2 1 0 9 :  

2 1 1 0 : 
2 1 1 1 : 
2112 :
2 1 1 3  :

2 1 1 4  : 

2 1 1 5 :  

2 1 1 6 :

2 1 1 7  :

2 1 1 8  : 
2 1 1 9 :  

2 1 2 0  : 
2 1 2 1 : 
2 1 2 2  : 
2 1 2 3 :  

2 1 2 4  : 

2 1 2 5 :  

2 1 2 6 :

2 1 2 7  :

2 1 2 8  : 

2 1 2  9  : 

2 1 3 0 :  
2 1 3 1 :

2 1 3 2  : 
2 1 3 3 :

2 1 3 4  :

2 1 3 5  : 

2 1 3 6 :

2 1 3 7  :

2 1 3 8  :

2 1 3 9  : 

2 1 4 0 :

2 1 4 1 :  

2 1 4 2  : 

2 1 4 3 :

2 1 4 4  :

2 1 4 5  : 

2 1 4 6 :
2 1 4 7  :

2 1 4 8  :

2 1 4 9 :  

2 1 5 0 :  
2 1 5 1 :  

2 1 5 2  : 
2 1 5 3 :

W r i t e L n ( R e s u l t s , f l o a t t o s t r F ( ( T o t a l H o p G a p / T o t a l i s e r ) ,  f f F i x e d ,  6 ,  5 ) ) ;  

C l o s e F i l e ( R e s u l t s ) ; / / w r i t e s  r e m a i n i n g  d a t a  t o  r e s u l t s ,  i f  i t  i s  p r e s e n t  
P e r c h F l a g : = F a l s e ;

C l o s e F i l e ( F ) ;

w h i l e  s t a r t o - 1  d o  b e g i n  
w i t h  T i m e s l n i  d o
S t a r t : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,

1 I n t e r v a l ' t i n t T o S t r ( I n t e r v a l C o u n t e r ) + 1 S t a r t ' ,  - 1 ) ;

I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r ! l ;

A p p e n d ( R e s u l t s ) ;

i f  s t a r t o - 1  t h e n  W r i  t e L n  ( R e s u l t s , 0 ) ' , / / f i l l s  i n  z e r o  v a l u e s  i f  t h e r e  i s
n o  m o r e  d a t a

C l o s e F i l e ( r e s u l t s ) ;

e n d ;

P e r c h F l a g : = f a l s e ;  

i n t e r v a l C o u n t e r : = 0 ;

m k l : = 0 ;  s t r : = ' 1 ;  t i m e S t r : = ' 1 ;  F l a g : = F a l s e ;  P e r c h F l a g : = f a l s e ;

I n t e r v a l C h e c k : = F a l s e ; 

t i m e A : = 0 ;

T o t a l : = 0 ;  I n t e r v a l C o u n t e r : = 0 ;  T o t a l D i s p l a y V a l u e : = 0 ;  S t a r t : = 0 ;  E n d d : = 0 ;  

F i l e L i s t B o x l . c o l o r : = c l w i n d o w ;

/ /  e d i t l O . t e x t : = f l o a t t o s t r  ( t o t a l h o p g a p / t o t a l i s e r )  ; 
e n d ;  

e n d ;
i f  C u r r e n t D a t e = e d i t 8 . t e x t  t h e n  g o t o  3 ;  

g o t o  2 ;
3  : 

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n l 2 C l i c k ( S e n d e r : T O b j e c t ) ;  

v a r
T o t a l D u r a t i o n : i n t e g e r ;

i ,  m k l ,  S t a r t t t  : i n t e g e r ;  T i m e S t r ,  s t r ,  C u r r e n t D a t e : s t r i n g ;

l a b e l  1 ;  l a b e l  2 ;  l a b e l  3 ;

b e g i n
C u r r e n t D a t e : = e d i t 6 . t e x t ; / / s e t s  s t a r t i n g  d a t e  u s i n g  d e f a u l t  v a l u e  

2  :
F i l e L i s t B o x l . c o l o r : = c l w h i t e ; f i l e l i s t b o x l . r e f r e s h ;

C a g e N u m b e r : = C a g e N u m b e r ! l ; i f  C a g e N u m b e r = 9  t h e n  / / i f  c a g e N u m b e r  = 9 t h e n  r e v e r t  
b a c k  t o  1 a g a i n
b e g i n  C a g e N u m b e r : = 1 ;  C u r r e n t D a t e : = N e x t D a y O f Y e a r ( C u r r e n t D a t e ) ;  e n d ;  
e d i t 7 . t e x t : = l a b e l l . c a p t i o n ! 1 \ ' ! ' P e r c h  ' ! I n t T o S t r ( C a g e N u m b e r ) ! '
[ 1 ! e d i t 6 . t e x t ! 1 ] ' ;

e d i t 7 . r e f r e s h ; / / d i s p l a y s  t h e  f i l e  ( w i t h  f i l e p a t h )  c u r r e n t l y  b e i n g  p a r s e d  
( i f  i t  e x i s t s )

e d i t 6 . t e x t : = C u r r e n t D a t e ; e d i t 6 . r e f r e s h ;  / / d i s p l a y s  t h e  c u r r e n t  d a t e  b e i n g  r e a d  
i f  F i l e E x i s t s ( l a b e l l . c a p t i o n ! ' \ 1 ! ' P e r c h  1 ! I n t T o S t r ( C a g e N u m b e r ) ! 1

[ 1 ! e d i t 6 . t e x t ! 1 ] . t x t 1 )

/ / c h e c k s  w h e t h e r  f i l e  e x i s t s  o r  n o t ,  i f  s o  t h e n  t h e  c o d e  b e l o w  i s  e x e c u t e d  
t h e n  b e g i n

a s s i g n F i l e ( F ,  l a b e l l . c a p t i o n ! ' \ ' ! ' P e r c h ' ! I n t T o S t r ( C a g e N u m b e r ) ! 1
[ 1 ! e d i t 6 . t e x t ! ' ] . t x t ' ) ;

/ / F  i d e n t i f i e s  t h e  t e x t f i l e  c u r r e n t l y  b e i n g  p a r s e d  
e d i t 5 . t e x t : = ' d a t a  t o  c : \ P a r s e d P e r c h D a t a ' ;

t o t a l P e r c h M o v e m e n t s : = 0 ;  / / t h i s  v a r i a b l e  i s  u s e d  t o  c o u n t  t o t a l  h o p s  p e r  p e r i o d

T r a n s f o r m P e r c h D a t a . d e f a u l t : = t r u e ; / / m a k e s  b u t t o n  t h e  n e w  d e f a u l t  c o n t r o l  
A s s i g n F i l e ( t i m e s , ' c : \ P a r s e d P e r c h D a t a \ C u r r e n t  T i m e  D i v i s i o n s  ( M i n s ) . t x t ' ) ;

A s s  i g n F i l e ( R e s u l t s , ' c : \ t e m p \ M o d i P e r c h  1 U n t T o S t r ( C a g e N u m b e r ) ! '

[ 1 i C u r r e n t D a t e ! ' ] . t x t 1 ) ;

/ / a s s i g n s  f i l e s  f o r  s t o r a g e  o f  t i m e  d i v i s i o n s  a n d  t h e  R e s u l t s  O u t p u t  (Modi  
p r e f i x )

r e s e t ( F ) ;  / / r e s e t s  f i l e  b e i n g  r e a d
R e w r i t e ( t i m e s ) ;  / / c l e a r s  a n y  p r e v i o u s  c o n t e n t  i n  t i m e s  f i l e  
r e w r i t e ( r e s u l t s ) ; / / c l e a r s  a n y  p r e v i o u s  c o n t e n t  i n  r e s u l t s  f i l e



2 1 5 4 :  / / t h i s  s e c t i o n  o f  c o d e  p r e - r e a d s  t h e  f i l e  a n d  c a l c u l a t e s  t h e  n u m b e r  o f  l i n e s .
2 1 5 5 :  r e a d L n ( F ,  S t r ) ;
2 1 5 6 :  while S t r O 1 ' do begin T o t a l : = T o t a l  +  l ; / / t o t a l  l i n e s
2 1 5 7  : / / E d i t T o t a l . t e x t : = i n t t o s t r  ( t o t a l ) ;
2158: / / E d i t T o t a l . r e f r e s h ;
2 1 5 9 :  R e a d L n ( F ,  S t r ) ;

2160: end;
2161: CloseFile ( F) ; / / e n d  o f  l i n e  c o u n t e r -  n o .  o f  l i n e s  h e l d  i n  T o t a l .
2 1 6 2 :  E d i t 3 . t e x t : = i n t t o s t r ( t o t a l ) ; / / d i s p l a y s  t o t a l  l i n e s
2 1 6 3 :  R e s e t ( F ) ;  / / r e s e t s  f i l e  b e i n g  r e a d  a g a i n
2 1 6 4 :  F i l e L i s t B o x l . c o l o r : = c l l i m e ; f i l e l i s t b o x l . r e f r e s h ;  / / c a u s e s  F i l e L i s t B o x  t o

f l a s h
2 1 6 5 :  for k : = l  to t o t a l  do begin / / r e a d s  t h r o u g h  e a c h  l i n e  o f  t h e  t e x t f i l e ,  t h i s  i s

t h e  MAIN ROUTINE
2 1 6 6 :  R e a d L n ( F ,  S t r ) ;  / / l o a d s  c u r r e n t  l i n e  o f  t e x t f i l e  i n t o  S t r  v a r i a b l e .
2167: if k=l then Str:='l, 10000, 00:00:10, 9999';
2 1 6 8 :  for i : = l  to L e n g t h ( s t r )  do begin// r e a d s  e a c h  c h a r a c t e r  o f  w h o l e  s t r i n g  i n

t u r n .
2 1 6 9 :  if s t r [ i ] = ' , ' then begin
2 1 7  0 :  if C o m m a f l a g = l  then begin m k l : = i ;  C o m m a f l a g : = 2  end else
2 1 7 1 :  if C o m m a f l a g = 2  then begin m k 2 : = i ; C o m m a f l a g : = 3  end else
2 1 7 2 :  if C o m m a f l a g = 3  then begin m k 3 : = i ;  C o m m a f l a g : = 1  end;
2 1 7 3 :  end; end; / / a b o v e  r o u t i n e  f i n d s  t h e  p o s i t i o n s  o f  t h e  comm as
2 1 7 4 :  C o m m a G a p : = m k 2 - m k l ; / / c a l c u l a t e s  t h e  d i s t a n c e  b e t w e e n  t h e  tw o  co m m a s .
2 1 7 5 :  if C o m m a G a p = 9  then t i m e S t r : = c o n c a t ( s t r [ 4 ] + s t r [ 5 ] + s t r [ 6 ] + s t r [ 7 ] ) ;

2 1 7 6 :  if C o m m a G a p = 1 0  then t i m e S t r : = c o n c a t ( s t r [ 4 ] + s t r [ 5 ] + s t r [ 6 ] + s t r [ 7 ] + s t r [ 8  ] ) ;

2 1 7 7 :  if T i m e S t r O ' 1 then T i m e : = s t r T o I n t ( T i m e S t r ) ;  / / t h i s  i s  t h e  t i m e  i n  s e c o n d s .
2 1 7 8 :  d u r a t i o n / / s e t s  d u r a t i o n  t o  a n u l l  s t r i n g .
2 1 7 9 :  for i : = m k 3 + 2  to L e n g t h ( S t r )  do 
2 1 8 0 :  d u r a t i o n : = d u r a t i o n + S t r [ i ] ;
2 1 8 1 *  y y * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
2 1 8 2 :  1 :
2 1 8 3 :  with T i m e s l n i  do begin / / T i m e s l n i  i s  t h e  . i n i  f i l e  c o n t a i n i n g  t h e  c u r r e n t

p e r i o d  s e t t i n g s  
2 1 8 4 :  S t a r t : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,

1 I n t e r v a l ' t l n t t o s t r ( i n t e r v a l C o u n t e r ) + ' S t a r t ' ,  - 1 ) ;
2 1 8  5 :  E n d d : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,  ' I n t e r v a l ' t l n t T o S t r ( I n t e r v a l C o u n t e r ) + ' E n d ' ,

- 1 ) ;
2 1 8 6 :  / / S t a r t  a n d  E n d d  a r e  v a r i a b l e s  c o n t a i n i n g  s t a r t  a n d  e n d  o f  i n t e r v a l  i n

s e c o n d s .
2187: end;
2 1 8 8 :  If T i m e > = S t a r t  then if T i m e < = E n d d  then begin
2 1 8 9 :  T o t a l P e r c h M o v e m e n t s : = T o t a l P e r c h M o v e m e n t s + l ; / / s u m s  t o t a l  h o p s
2 1 9 0 :  T o t a l D u r a t i o n : = T o t a l D u r a t i o n + S t r t o I n t ( D u r a t i o n ) ;  / / s u m s  t o t a l  t i m e  on

p e r c h e s
2 1 9 1 :  P e r c h F l a g : = t r u e ; / / s i g n i f i e s  t h a t  t h e r e  was  a p e r c h  m o v e m e n t  d u r i n g  c u r r e n t

p e r i o d
2 1 9 2 :  end else
2 1 9 3 :  begin
2 1 9 4 :  if P e r c h F l a g = f a l s e  then begin / / i f  n o  m o v e m e n t s  o c c u r e d  t h e n  d o  t h i s
2 1 9 5 :  A p p e n d ( R e s u l t s ) ;

2 1 9 6 :  W r i t e L n ( R e s u l t s ,  0 ) ;  / / w r i t e s  a z e r o  i n  a s  r e s u l t
2 1 9 7 :  C l o s e F i l e ( R e s u l t s ) ;

2 1 9 8 :  I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r + l ; / / u p s  I n t e r v a l C o u n t e r  b y  o n e ,  n e x t
p e r i o d

2 1 9 9 :  goto 1 ;  / / s e n d s  e x e c u t i o n  b a c k  t o  s e e  i f  p r e s e n t  p e r c h  m o v e m e n t  f i t s
w i t h i n  n e x t  p e r i o d  

2 2 0 0 :  end else
2 2 0 1 :  begin / / t h i s  c o d e  i s  e x e c u t e d  i f  t h e r e  a r e  P e r c h M o v e m e n t s  w i t h i n

c u r r e n t  p e r i o d  
2 2 0 2 :  A p p e n d ( R e s u l t s ) ;

2 2 0 3 :  W r i t e L n ( R e s u l t s , T o t a l D u r a t i o n ) ; / / l o g  t o t a l  p e r c h  m o v e m e n t s  w i t h i n
p e r i o d

2 2 0 4 :  C l o s e F i l e ( R e s u l t s  ) ;

2 2 0 5 :  T o t a l P e r c h M o v e m e n t s : = 0 ;  / / z e r o e s  t h i s  v a r i a b l e  r e a d y  f o r  n e x t
c o u n  t

2 2 0 6 :  T o t a l D u r a t i o n : = 0 ;  / / z e r o e s  t h i s  a l s o  r e a d y  f o r  n e x t  c o u n t
2 2 0 7 :  I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r + l ; / / u p s  I n t e r v a l  C o u n t e r  b y  o n e ,

t o  n e x t  p e r i o d  
2 2 0 8 :  P e r c h F l a g : = F a l s e ; / / r e s e t s  t h i s  f l a g
2 2 0 9 :  goto 1 ;  / / s e n d s  e x e c u t i o n  b a c k  t o  l a b e l  1 a g a i n
2 2 1 0 :  end;
2 2 1 1 :  end;
2 2 1 2 :  / / * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * • * ■ * * * * * *



2 2 1 3

2 2 1 4
2 2 1 5

2 2 1 6 :

2 2 1 7

2 2 1 8
2 2 1 9

2 2 2 0  
2 2 2 1  
2 2 2 2
2 2 2 3

2 2 2 4
2 2 2 5

2 2 2 6
2 2 2 7

2 2 2 8

2 2 2 9

2 2 3 0

2 2 3 1

2 2 3 2

2 2 3 3

2 2 3 4

2 2 3 5 :

2 2 3 6 :

2 2 3 7  :

2 2 3 8  :

2 2 3 9
2 2 4 0

2 2 4 1

2 2 4 2  :

2 2 4 3

2 2 4 4

2 2 4 5

2 2 4 6 :
2 2 4 7  :

2 2 4 8

2 2 4 9

2 2 5 0

2 2 5 1

2 2 5 2

2 2 5 3

2 2 5 4

2 2 5 5

2 2 5 6

2 2 5 7

2 2 5 8  

2 2  5 9  

2 2  6 0  

2 2 6 1

2 2 6 2 :

2 2 6 3 :

2 2 6 4

2 2 6 5

e n d ;  / / e n d  o f  ' f o r  k : = l  t o  t o t a l  d o '  r o u t i n e .

I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r + l ; / / h a v i n g  r e a d  t o  e n d  o f  f i l e ,  t h i s  s e c t i o n  
f i l l s  i n  b l a n k  v a l u e s  s o  t h a t  o u t p u t  f i l e s  h a v e  a u n i f o r m  n u m b e r  o f  l i n e s  

i f  P e r c h F l a g = t r u e  t h e n  b e g i n / / i f  f l a g  i s  t r u e  t h e n  t h e r e  i s  r e m a i n i n g  d a t a  t o  
b e  w r i t t e n

A p p e n d ( R e s u l t s ) ;
W r i t e L n ( R e s u l t s , T o t a l D u r a t i o n ) ;

C l o s e F i l e ( R e s u l t s ) ;

P e r c h F l a g : = F a l s e ;

C l o s e F i l e ( F )  ; / / c l o s e s  c u r r e n t  d a t a  f i l e  a s  i t  h a s  b e e n  r e a d  t o  t h e  e n d  n o w . . .  
w h i l e  s t a r t o - 1  d o  b e g i n  / / w h i l e  t h e r e  a r e  s t i l l  p e r i o d s  r e m a i n i n g  
w i t h  T i m e s l n i  d o
S t a r t : = R e a d I n t e g e r ( ' S e c o n d G a p s  1 ,

' I n t e r v a l ' t i n t T o S t r ( I n t e r v a l C o u n t e r )  +  ' S t a r t 1 ,  - 1 )  ;

I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r + l ;

A p p e n d ( R e s u l t s ) ;

i f  s t a r t o - 1  t h e n  W r i t e L n ( R e s u l t s , 0 ) } / / c o n t i n u e s  t o  a d d  b l a n k  l i n e s  t o  
e n s u r e  u n i f o r m i t y

C l o s e F i l e ( r e s u l t s ) ;

e n d ;

P e r c h F l a g : = f a l s e ; / / e n s u r e s  t h i s  f l a g  i s  s e t  t o  f a l s e  a t  t h i s  s t a g e  
i n t e r v a l C o u n t e r : = 0 ;

f o r  i : = l  t o  8 0  d o  b e g i n  / / t h i s  c o d e  c r e a t e s  t h e  f i l e  c o n t a i n i n g  c u r r e n t  
p e r i o d  s t a r t  t i m e s

/ / i t  r u n s  t h e  c o d e  80  t i m e s ,  t h i s  i s  a r b i t r a r y  a n d  e x c e e d s  m a x i m u m  n o .  o f  
p o s s i b l e  l i n e s  

w i t h  T i m e s l n i  d o
S t a r t : = R e a d I n t e g e r ( ' S e c o n d G a p s ' ,

' I n t e r v a l 1 t i n t t o s t r ( I n t e r v a l C o u n t e r ) +  ' S t a r t ' ,  - 1 ) ;

i f  s t a r t o - 1  t h e n  W r i t e L n  ( T i m e s  , ( I n t t o s t r  ( S t a r t  d i v  6 0 ) ) ) ;  / / d i v i d e s  b y  60
h e n c e  m i n u t e s  

I n t e r v a l C o u n t e r : = I n t e r v a l C o u n t e r t l ; 

e n d ;
m k l : = 0 ;  s t r : = ' ' ;  t i m e S t r : = ' ' ;  F l a g : = F a l s e ;  P e r c h F l a g : = f a l s e ; 

I n t e r v a l C h e c k : = F a l s e ;

t i m e : = 0 ;  / / s e t s  r e l e v a n t  v a r i a b l e s  b a c k  t o  d e f a u l t  v a l u e s  r e a d y  f o r  r e a d  o f  
n e x t  f i l e

C l o s e F i l e ( T i m e s ) ;
T o t a l : = 0 ;  I n t e r v a l C o u n t e r : = 0 ;  T o t a l P e r c h M o v e m e n t s : = 0 ;  S t a r t : = 0 ;  F , n d d : = 0 ;  

/ / m o r e  r e s e t t i n g
T o t a l D u r a t i o n : = 0 ;

F i l e L i s t B o x l . c o l o r : = c l w i n d o w ;  / / b r i e f l y  a l t e r s  c o l o r  o f  F i l e L i s t B o x  t o  
d e n o t e  e n d  o f  r e a d

/  /  q £  9 j_ f  E j_ 2. gEk  i. s  t  j t o  u t . i n e  1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

E n d ;
i f  C u r r e n t D a t e = e d i 1 8 . t e x t  t h e n  g o t o  3 ; / / i f  C u r r e n t D a t e  i s  f i n i s h  d a t e  t h e n  t h i s  

c o d e  s t o p s
g o t o  2 ;  / / e l s e  i t  g o e s  b a c k  t o  l a b e l  2 t o  b e g i n  r e a d i n g  n e x t  f i l e  i n  t h e  

s e q u e n c e  
3 :

e n d ;

i n i t i a l i z a t i o n
t o t a l : = 0 ;  C o m m a G a p A : = 0 ;  C o m m a G a p B : = 0 ;  C o m m a G a p C : = 0 ;  M k l : = 0 ;  M k 2 : = 0 ;  M k 3 : = 0 ;  

M k 4 : = 0 ;
C o m m a C o u n t : = 1 ;  P r e v i o u s A v e r a g e : = 1 0 0 0 ' ;  P r e v i o u s M a s s : = 0 ;  P r e v i o u s T i m e : = 0 ;  

i n i t i a l i s e : = t r u e ;  I n t e r v a l T i m e C h e c k : = 0 ;  T i m e F r o m C u r r e n t L i n e : = 0 ;

F i n i s h e d : = F a l s e ;

T i m e F r o m P r e v i o u s L i n e : = 0 ;  C a g e N u m b e r : = 0 ;  C o m m a F l a g : = 1 ;  

e n d .



A p p e n d i x  3

Full listing of programming code (in Delphi/ Object Pascal) for the DawnDusk 

program described in Chapter 2.



1
2
3
4
5
6
7
8
9

10
11
12
1 3

1 4
1 5

1 6

1 7

1 8

1 9

20
21
22
2 3

2 4

2 5

2 6

2 7

2 8

2 9

3 0
3 1

3 2
3 3

3 4
3 5
3 6

3 7

3 8

3 9

4 0

4 1

4 2
4 3

4 4

4 5

4 6

4 7

4 8
4 9

5 0

5 1

5 2

5 3

5 4

5 5

5 6

5 7

5 8

5 9

6 0

6 1

6 2

6 3

6 4

6 5

66
6 7

68
6 9

7 0
7 1

7 2

7 3

7 4

u n i t  U n i t l ;

i n t e r f a c e

S y s U t i l s ,  W i n T y p e s ,  W i n P r o c s ,  M e s s a g e s ,  C l a s s e s ,  G r a p h i c s ,  C o n t r o l s ,  
F o r m s ,  D i a l o g s ,  M e n u s ,  E x t C t r l s ,  S t d C t r l s ,  u n i t 2 ;

t y p e
T F o r m l  =  c l a s s ( T F o r m )

P a n e l l :  T P a n e l ;

P a n e l 2 :  T P a n e l ;
R G 1 : T R a d i o G r o u p ;

E d i t 2 : T E d i t ;

E d i t 3 : T E d i t ;

L a b e l l :  T L a b e l ;

L a b e l 2 : T L a b e l ;
L a b e l 3 :  T L a b e l ;

L a b e l 4 :  T L a b e l ;

B u t t o n l :  T B u t t o n ;

T i m e r l :  T T i m e r ;

M a i n M e n u l :  T M a i n M e n u ;
F i l e l :  T M e n u I t e m ;

R e s e l e c t P a r a m e t e r s  1 :  T M e n u I t e m ;  

E x i t l :  T M e n u I t e m ;

A b o u t l :  T M e n u I t e m ;

E d i t 1 :  T E d i t ;

C l e a r L o g F i l e l : T M e n u I t e m ;  

T o g g l e A l l :  T B u t t o n ;

P a n e l 3 :  T P a n e l  

L a b e l 5 :  T L a b e l  

L a b e l 6 :  T L a b e l  

L a b e l 7 : T L a b e l  

L a b e l 8 : T L a b e l  
L a b e l 9 :  T L a b e l  

L a b e l l O :  T L a b e l  

L a b e l l l :  T L a b e l  

L a b e l l 2 :  T L a b e l  
L a b e l l 3 :  T L a b e l  

L a b e l l 4 :  T L a b e l  

L a b e i l 5 :  T L a b e l  

L a b e l l 6 :  T L a b e l  
L a b e l l 7 :  T L a b e l  

L a b e l l 8 :  T L a b e l  

L a b e l l 9 :  T L a b e l  

L a b e l 2 0 :  T L a b e l  

L a b e l 2 1 :  T L a b e l  

L a b e l 2 2 :  T L a b e l  

P a n e l 4 :  T P a n e l ;

B u t t o n 3 :  T B u t t o n ;

B u t t o n 4 : T B u t t o n ;

B u t t o n 5 :  T B u t t o n ;

B u t t o n 6 :  T B u t t o n ;

B u t t o n 7 : T B u t t o n ;
B u t t o n 8 : T B u t t o n ;

B u t t o n 9 :  T B u t t o n ;

B u t t o n l O :  T B u t t o n ;

B u t t o n l l :  T B u t t o n ;

S H :  T M e n u I t e m ;

P a n e l 5 :  T P a n e l ;

E d i t 4 :  T E d i t ;

E d i t 5 :  T E d i t ;

L a b e l 2 3 :  T L a b e l ;

L a b e l 2 4 :  T L a b e l ;

E d i t C u t O u t T e m p : T E d i t ;

L a b e l 2 5 :  T L a b e l ;

P a n e l 6 :  T P a n e l ;

P a n e l 7 : T P a n e l ;

L a b e l 2 6 :  T L a b e l  

L a b e l 2 7 : T L a b e l  

L a b e l 2 8 :  T L a b e l  

L a b e l 2 9 :  T L a b e l  

B t n S e t F a n s E t c : T B u t t o n ;

P a n e l  8 :  T P a n e l ;



7 5 :  E d i t C h a n l : T E d i t ;

7 6 :  E d i t C h a n 2 :  T E d i t ;

7 7 :  L a b e l 3 0 : T L a b e l ;
7 8 :  L a b e l 3 1 :  T L a b e l ;
7 9 :  T e m p T i m e r :  T T i m e r ;

8 0 :  B u t t o n 2 : T B u t t o n ;
8 1 :  B u t t o n l 2 :  T B u t t o n ;
8 2 :  E d i t T e m p :  T E d i t ;

8 3 :  L a b e l 3 2 : T L a b e l ;
8 4 :  L a b e l 3 3 :  T L a b e l ;

8 5 :  L a b e l 3 4 :  T L a b e l ;
8 6 :  L a b e l 3 5 :  T L a b e l ;
8 7 :  B u t t o n l 3 :  T B u t t o n ;

8 8 :  L a b e l 3 6 :  T L a b e l ;

8 9 :  L a b e l 3 7 : T L a b e l ;

9 0 :  B u t t o n l 4 :  T B u t t o n ;
9 1 :  p r o c e d u r e  T i m e r I T i m e r ( S e n d e r : T O b j e c t ) ;

9 2 :  p r o c e d u r e  E x i t l C l i c k ( S e n d e r : T O b j e c t ) ;
9 3 :  procedure R e s e l e c t P a r a m e t e r s l C l i c k ( S e n d e r : T O b j e c t ) ;

9 4 :  procedure B u t t o n l C l i c k ( S e n d e r : T O b j e c t ) ;

9 5 :  procedure A b o u t l C l i c k ( S e n d e r : T O b j e c t ) ;
9 6 :  procedure C l e a r L o g F i l e l C l i c k ( S e n d e r : T O b j e c t ) ;

9 7 :  procedure T o g g l e A l l C l i c k ( S e n d e r : T O b j e c t ) ;

9 8 :  procedure B u t t o n 3 C l i c k ( S e n d e r : T O b j e c t ) ;

9 9 :  p r o c e d u r e  B u t t o n 4 C l i c k ( S e n d e r : T O b j e c t ) ;

1 0 0 :  p r o c e d u r e  B u t t o n 5 C l i c k ( S e n d e r : T O b j e c t ) ;

1 0 1 :  p r o c e d u r e  B u t t o n 6 C l i c k ( S e n d e r : T O b j e c t ) ;

1 0 2 :  p r o c e d u r e  B u t t o n 7 C l i c k ( S e n d e r : T O b j e c t ) ;
1 0 3 :  p r o c e d u r e  B u t t o n 8 C l i c k ( S e n d e r : T O b j e c t ) ;

1 0 4 :  p r o c e d u r e  B u t t o n 9 C l i c k ( S e n d e r : T O b j e c t ) ;

1 0 5 :  procedure B u t t o n l O C l i c k ( S e n d e r : T O b j e c t ) ;

1 0 6 :  procedure B u t t o n l l C l i c k ( S e n d e r : T O b j e c t ) ;

1 0 7  : procedure S H C l i c k ( S e n d e r  : T O b j e c t ) ;
1 0 8 :  p r o c e d u r e  B t n S e t F a n s E t c C l i c k ( S e n d e r : T O b j e c t ) ;

1 0 9 :  p r o c e d u r e  T e m p T i m e r T i m e r ( S e n d e r : T O b j e c t ) ;

1 1 0 :  p r o c e d u r e  B u t t o n 2 C l i c k ( S e n d e r : T O b j e c t ) ;

1 1 1 :  p r o c e d u r e  B u t t o n l 2 C l i c k ( S e n d e r : T O b j e c t ) ;
1 1 2 :  procedure E d i t T e m p C h a n g e ( S e n d e r : T O b j e c t ) ;

113: procedure Buttonl3Click(Sender: TObject);
1 1 4 :  p r o c e d u r e  B u t t o n l 4 C l i c k ( S e n d e r : T O b j e c t ) ;

1 1 5 :  p r i v a t e

1 1 6 :  { P r i v a t e  d e c l a r a t i o n s  }
1 1 7 :  p u b l i c

1 1 8 :  { P u b l i c  d e c l a r a t i o n s  }
1 1 9 :  e n d ;
1 2 0  :
1 2 1 :  v a r
1 2 2 :  F o r m l : T F o r m l ;
1 2 3 :  G l o b a l T i m e ,  b e g i n D a w n , 1b e g i n D u s k ,  D a y l e n g t h ,  D a w n D u s k L e n g t h ,  L i g h t l n t e r v a l ,

1 2 4 :  r e c d u s k ,  T i m e c h e c k ,  S e a l e d L i g h t s O n ,  S e a l e d L i g h t s O f f , S t a t u s  : l o n g i n t ;

1 2 5 :  h : i n t e g e r ;  D a w n ,  S e a l e d L i g h t D a w n ,  S e a l e d L i g h t D u s k : T D a t e T i m e ;

1 2 6 :  a :  T e x t f i l e ;

1 2 7 :  x ,  i  : i n t e g e r ;

1 2 8 :  r e l a y s t a t u s A ,  r e l a y s t a t u s B : l o n g i n t ;

1 2 9 :  r e l a y s t a t u s s t r A ,  r e l a y s t a t u s s t r B : s t r i n g ;

1 3 0 :  / / v a r i a b l e s  l i n k e d  t o  t e m p e r a t u r e  m o n i t o r i n g  f u n c t i o n s
1 3 1 :  O p e n e d :  B o o l e a n ;  / / S t a t u s  o f  c o m m u n i c a t i o n s  b e t w e e n  PC a n d  T C - 0 8
1 3 2 :  C o m P o r t :  I n t e g e r ;  / / d e s i g n a t e s  t h e  Comm P o r t  u s e d
1 3 3 :  T e m p F i l e :  t e x t f i l e ;  / / t e x t f i l e  i n t o  w h i c h  t o  w r i t e  d a t a
1 3 4 :  s  : s t r i n g  [ 1 0 ] ;
1 3 5 :  o k  , F a n s O n ,  R o o m F a n s O n  : b o o l e a n ;

1 3 6 :  t e m p  : l o n g i n t ;

1 3 7 :  f t e m p ,  T e m p i ,  T e m p 2  : r e a l ;

1 3 8 :  d a t a l ,  d a t a 2  : i n t e g e r ;

1 3 9  :

1 4  0 :  implementation
1 4 1 :

1 4  2 :  { $R * . DFM}
1 4 3 :

1 4  4 :

1 4 5  :

1 4 6 :  f u n c t i o n  r e g i s t e r B o a r d E x ( C a r d N u m b e r : i n t e g e r ) : i n t e g e r ; s t d c a l l ;  e x t e r n a l  

' D i o _ t c 3 2 . d l l ' ;

1 4 7 :  f u n c t i o n  D I O g e t D a t a E x ( h , c h i p ,  c h a n : i n t e g e r ; d a t a : P b y t e ) : i n t e g e r ; s t d c a l l ;



external ' D i o _ t c 3 2 . d l l ' ;
1 4 8 :  function D I O s e t D a t a E x ( h ,  c h i p ,  c h a n ,  d a t a : i n t e g e r ) : i n t e g e r ; stdcall; external

" D i o _ t c 3 2 . d l l ' ;

function t c 0 8  o p e n _ u n i t  ( p o r t  : i n t e g e r )  : b o o l e a n ;  stdcall; external ' T c 0 8 3 2 ' ;

function t c 0 8 _ s e t _ c h a n n e l  ( p o r t  : i n t e g e r ;
c h a n n e l  : i n t e g e r ;  

t c  t y p e  : c h a r ;  

f a c t o r  : i n t e g e r ;  
o f f s e t  : i n t e g e r ;  

s l o p e  : i n t e g e r )

1T c O 8 3 2  ' ;
function t c O 8 _ g e t _ t e m p  (var v a l u e  : l o n g i n t  ;

p o r t  : i n t e g e r ;  
c h a n n e l  : i n t e g e r ;  

f i l t e r e d  : b o o l e a n )  :

' T c 0 8 3 2  ' ;

procedure t c 0 8 _ c l o s e _ u n i t  ( p o r t  : i n t e g e r ) ;  stdcall; external ' T c 0 8 3 2 ' ;

b o o l e a n  ; stdcall; external

b o o l e a n ;  stdcall; external

function T i m e T o I n t e g e r ( t i m e s e n t : T D a t e T i m e ) : L o n g i n t ;  

var
h o u r s ,  m i n u t e s ,  s e c o n d s ,  m i l l i s e c o n d s : w o r d ;
h o u r s l ,  m i n u t e s  1 : l o n g i n t ;

begin
d e c o d e t i m e ( T i m e S e n t , h o u r s ,  m i n u t e s ,  s e c o n d s ,  m i l l i s e c o n d s ) ;  

h o u r s  1 : = h o u r s ; 

h o u r s l : = h o u r s 1 * 3 6 0 0 ;  

m i n u t e s  1 : = m i n u t e s * 6 0 ;

t i m e t o i n t e g e r : = h o u r s 1 + m i n u t e s 1 + s e c o n d s ; 

end;

Function d e c T o B i n ( d e c i m a l : l o n g i n t ) : string; 
var x : l o n g i n t ;  b i n a r y : string; 
begin
x  : = 0  ;

if d e c i m a l - 1 2 8 > = 0  then begin d e c i m a l : = d e c i m a l - 1 2 8  

if d e c i m a l - 6 4 > = 0  then begin d e c i m a l : ^ d e c i m a l - 6 4 ;

then begin d e c i m a l : ^ d e c i m a l - 3 2 ;  

then begin d e c i m a l : = d e c i m a l - 1 6 ;  

then begin d e c i m a l : = d e c i m a l - 8 ; 

then begin d e c i m a l : = d e c i m a l - 4 ; 

then begin d e c i m a l : = d e c i m a l - 2 ; 

then begin d e c i m a l : = d e c i m a l - l ; 

b i n a r y : = i n t T o S t r ( x ) ;

w l h i l e  l e n g t h ( b i n a r y ) < 8  d o  b i n a r y : = c o n c a t ( 1 0 ' t b i n a r y ) ;
r e s u l t : ^ b i n a r y ; 

e n d ;

if d e c i m a l - 3 2 > = 0  
if d e c i m a l - 1 6 > = 0  

if d e c i m a l - 8 > = 0  

if d e c i m a l - 4 > = 0  

if d e c i m a l - 2 > = 0  

if d e c i m a l - l > = 0

x : 
x : 
x : 
x : 
x : 
x : 
x : 
x :

=x + 1 0 0 0 0 0 0 0 ;  end; 
=x+ 1 0 0 0 0 0 0 ; end;
-X+ 1 0 0 0 0 0 ; end;
= x + 1 0 0  0 0 ;  end; 
= x + 1 0 0  0 ; end; 
= x + 1 0 0 ; end;
: x + 1 0 ; end;
= x + l ; end;

f u n c t i o n  B i n T o d e c ( B i n a r y : s t r i n g ) : i n t e g e r ;  

v a r
d e c i  : i n t e g e r ;

b e g i n
deci:=0;
d e c i : = S t r T o I n t ( B i n a r y [ 1 ] ) * 1 2 8  ; 

d e c i : = d e c i + ( S t r T o I n t ( B i n a r y [ 2 ]  ) * 6 4 )  ; 

d e c i : = d e c i + ( S t r T o I n t ( B i n a r y [ 3 ] ) * 3 2 ) ;  

d e c i : = d e c i + ( S t r T o I n t ( B i n a r y [ 4 j  ) *  1 6 )  ; 

d e c i : = d e c i + ( S t r T o I n t ( B i n a r y [ 5 ] ) *  8 ) 

d e c i : = d e c i + ( S t r T o I n t ( B i n a r y [ 6 ] ) * 4 )  

d e c i : = d e c i + ( S t r T o I n t ( B i n a r y [ 7 ] ) * 2 )  

d e c i : = d e c i + ( S t r T o I n t ( B i n a r y [ 8 ] ) *  1 )  

r e s u l t : = d e c i ; 

e n d ;

function G e t D a t a S t r i n g A :  string; 
begin
d i o G e t D a t a E x ( h ,  0 ,  0 ,  @ d a t a l ) ;

r e s u l t : = d e c t o B i n ( d a t a l ) ;

end;



2 1 8 :

2 1 9 :
2 2 0 :
2 2 1 :
2 2 2  :
2 2 3 :
2 2 4  :

2 2 5 :
2 2 6 :
2 2 7  :

2 2 8  :

2 2 9 :

2 3 0 :
2 3 1 :

2 3 2  :
2 3 3 :

2 3 4  :
2 3 5  :

2 3 6 :
2 3 7  :

2 3 8  :

2 3 9 :

2 4 0  :

2 4 1 :

2 4 2  :
2 4 3 :

2 4 4
2 4 5

2 4 6

2 4 7

2 4 8

2 4 9

2 5 0

2 5 1

2  5 2

2 5 3
2  5 4

255
2 5 6
2 5 7

2 5 8

2 5 9
2 6 0

2 6 1

2 6 2
2 6 3

2 6 4
2 6 5

2 6 6

2 6 7

2 6 8

2 6 9

2 7 0

2 7 1

2 7 2

2 7 3

2 7 4

2 7 5

2 7 6

2 7 7

2 7 8

2 7 9

2 8 0
2 8 1

2 8 2

2 8 3

2 8 4

2 8 5

2 8 6

2 8 7

2 8 8

2 8 9

2 9 0

function G e t D a t a S t r i n g B :string; 
begin
d i o G e t D a t a E x ( h ,  0 ,  1 ,  @ d a t a 2 ) ;

r e s u l t : = d e c t o B i n ( d a t a 2 ) ;  

end;
procedure s e t B i t ( r e l a y : i n t e g e r ) ; 
var

S t a t u s A ,  S t a t u s B  : String; 
begin
S t a t u s A : = G e t D a t a S t r i n g A ;

S t a t u s B : = G e t D a t a S t r i n g B ; 

if r e l a y < = 8  then if S t a t u s A [ 9 - r e l a y ] = 1 0 '  then begin
S t a t u s A [ 9 - r e l a y ] : = 1 1 ' ;  d i o S e t D a t a E x ( h ,  0 ,  0 ,  b i n T o D e c ( S t a t u s A ) ) ;  end;
if r e l a y > 8  then if S t a t u s B [ 1 7 - r e l a y ] = ' 0 1 then begin
S t a t u s B [ 1 7 - r e l a y ] : = ' 1 1 ; d i o S e t D a t a E x ( h ,  0 ,  1 ,  b i n T o D e c ( S t a t u s B ) ) ;  end;

end; / / o f  S e t B i t  f u n c t i o n  w h i c h  i s  U s e r  D e f i n e d

procedure t o g g l e B i t ( r e l a y : i n t e g e r ) ;  

var
S t a t u s A ,  S t a t u s B  : String; 

begin
S t a t u s A : = G e t D a t a S t r i n g A ;

S t a t u s B : = G e t D a t a S t r i n g B ;

if r e l a y < = 8  then if S t a t u s A [ 9 - r e l a y ] = ' 0 '  then//9 i s  b e c a u s e  l a s t  c h a r a c t e r  i s  
f i r s t  r e l a y

S t a t u s A [ 9 - r e l a y ] : = ' l '  

else if S t a t u s A [ 9 - r e l a y ] = ' 1 '  then 
S t a t u s A [ 9 - r e l a y ] : = 1 0 1 ; 

d i o S e t D a t a E x ( h ,  0 ,  0 ,  b i n T o D e c ( S t a t u s A )  ) ;

if r e l a y > 8  then if S t a t u s B [ 1 7 - r e l a y ] = ' 0 '  then 
S t a t u s B [ 1 7 - r e l a y ] : = ' l '  

else if S t a t u s B [ 1 7 - r e l a y ] = ' 1 1 then 
S t a t u s B [ 1 7 - r e l a y ] : = 1 0 ' ;  

d i o S e t D a t a E x  ( h ,  0 ,  1 ,  b i n T o D e c ( S t a t u s B ) )  ;

end;//

procedure c l e a r B i t ( r e l a y : i n t e g e r ) ; 

var
S t a t u s A ,  S t a t u s B  : String; 

begin
S t a t u s A : = G e t D a t a S t r i n g A ;

S t a t u s B : = G e t D a t a S t r i n g B ;  

if r e l a y < = 8  then if S t a t u s A [ 9 - r e l a y ] = 1 1 '  then begin
S t a t u s A [ 9 - r e l a y ] : = 1 0 ' ;  d i o S e t D a t a E x ( h ,  0 ,  0 ,  b i n T o D e c ( S t a t u s A ) ) ;  end;
if r e l a y > 8  then if S t a t u s B [ 1 7 - r e l a y ] = ' 1 '  then begin
S t a t u s B [ 1 7 - r e l a y ] : = 1 0 ' ;  d i o S e t D a t a E x ( h ,  0 ,  1 ,  b i n T o D e c ( S t a t u s B ) ) ;  end; 

end;//

/ / b e g i n n i n g  o f  m a i n  b o d y  o f  p r o g r a m  a n d  e n d  o f  d e c l a r a t i o n s

procedure T F o r m l . T i m e r I T i m e r ( S e n d e r : T O b j e c t ) ;  

begin
g l o b a l t i m e : = t i m e t o i n t e g e r ( t i m e ) ; 

l a b e l 4 . c a p t i o n : = t i m e t o s t r ( t i m e ) ;

r e l a y s  

if r e l  

if r e l  

if r e l  

if r e l  

if r e l  

if r e l  

if r e l  

if r e l  
r e l a y s  

if r e l

t a t u s S t r A : = G e t D a t a  

a y s t a t u s s t r A [ 8 ] = ' 1  

a y s t a t u s s t r A [ 7 ] = ' 1

a y s t a t u s s t r A [ 6] 
a y s t a t u s s t r A [ 5 ‘ 

a y s  t a t u s s t r A [ 4 ^  

a y s t a t u s s t r A [ 3 '  

a y s t a t u s s t r A [ 2 '  

a y s t a t u s s t r A [ l ] = ' 1 

t a t u s S t r B : = G e t D a t a  

a y s t a t u s s t r B [ 8 ] = ' 1

=  '  1 
=  '  1 
= ' 1 
= ' 1 
= ' 1

S t r i n g A ;

1 then l a b e l 5 .

' then l a b e l 6 .

' then l a b e l 7 .

' then l a b e l 8 .

' then l a b e l 9 .

' then l a b e l l O  

1 then l a b e l l l  

' then l a b e l l 2  
S t r i n g B ; ;

1 then l a b e l l 3

c o l o r : = c l l i r n e  e l s e  l a b e l 5 . c o l o r : = c l g r a y ;  

c o l o r : = c l l i m e  e l s e  l a b e l 6 . c o l o r : = c l g r a y ;  

c o l o r : = c l l i m e  e l s e  l a b e l 7 . c o l o r : = c l g r a y ;  

c o l o r : = c l l i m e  e l s e  l a b e l 8 . c o l o r : = c l g r a y ;  

c o l o r : = c l l i m e  e l s e  l a b e l 9 . c o l o r : = c l g r a y ;

. c o l o r : = c l l i m e  e l s e  l a b e l 1 0 . c o l o r : = c l g r a y ; 

. c o l o r : = c l l i m e  e l s e  l a b e l l l . c o l o r : = c l g r a y ;  

. c o l o r : = c l l i m e  e l s e  l a b e l l 2 . c o l o r : = c l g r a y ;

. c o l o r : = c l l i m e  e l s e



l a b e l 1 3 . c o l o r : = c l g r a y ; / / H a l o g e n  l i g h t s  
2 9 1 :  i f  r e l a y s t a t u s s t r B [ 7 ] = ' 1 '  t h e n  l a b e l 2 6 . c o l o r : = c l l i m e  e l s e

l a b e l 2 6 . c o l o r : = c l g r a y ; / / s e a l e d  f a n s  
2 9 2 :  i f  r e l a y s t a t u s s t r B [ 6 ] = ' 1 '  t h e n  l a b e l 2 7 . c o l o r : = c l l i m e  e l s e

l a b e l 2 7 . c o l o r : = c l g r a y ; / / s e a l e d  l i g h t s  
2 9 3 :  i f  r e l a y s t a t u s s t r B [ 5 ] = ' 1 '  t h e n  l a b e l 3 6 . c o l o r : = c l l i m e  e l s e

l a b e l 3 6 . c o l o r : = c l g r a y ; / / M a i n  F a n s  
2 9 4 :  i f  r e l a y s t a t u s s t r B [ 4 ] = 1 1 '  t h e n  l a b e l 3 4 . c o l o r : = c l l i m e  e l s e

l a b e l 3 4 . c o l o r : = c l g r a y ; / / F l u o r e s c e n t  l i g h t s
2 9 5  :

2 9 6 :
297: if TimeCheckOGlobalTime then begin { p r e v e n t s  c o d e  b e i n g  c a r r i e d  o u t  m o r e  t h a n  

o n c e  }
2 9 8  :

2 9 9 :  / / b e g i n s  b y  e x a m i n i n g  S e a l e d  L i g h t  U n i t  T i m e s  a n d  S w i t c h i n g  A p p r o p r i a t e l y
3 0 0 :
3 0 1 :  if G l o b a l t i m e = S e a l e d L i g h t s O n  then begin s e t B i t  ( 1 1 ) ;  a p p e n d ( a ) ;

3 0 2 :  W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  s e a l e d  u n i t  l i g h t s  c a m e  o n  a t  

1 t t i m e t o s t r ( t i m e ) ) ; c l o s e f i l e ( a ) ; end;
3 0 3 :
3 0 4 :  if G l o b a l T i m e = S e a l e d l i g h t s O f f  then begin c l e a r B i t ( 1 1 ) ;  a p p e n d ( a ) ;
3 0 5 :  W r i t e L n  ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t 1 t h e  s e a l e d  u n i t  l i g h t s  w e n t  o f f  a t  

' t t i m e t o s t r ( t i m e ) ) ; c l o s e f i l e ( a ) ; end;
3 0 6 :

3 0 7 :  / / C o m p a r e s  S e a l e d  U n i t , A m b i e n t  a n d  r e f e r e n c e  T e m p e r a t u r e  a n d  s w i t c h e s  F a n s  
a c c o r d i n g l y

3 0 8  :
3 0 9 :  if S t r T o F l o a t ( E d i t C u t O u t T e m p . t e x t ) > T e m p l  then
3 1 0 :  if F a n s O n = t r u e  then begin c l e a r B i t ( 1 0 ) ;  F a n s O n : =  f a l s e ; end;
3 1 1 :

3 1 2 :  if S t r T o F l o a t ( E d i t C u t O u t T e m p . t e x t ) < = T e m p l  then
3 1 3 :  if F a n s O n = F a l s e  then begin s e t B i t ( 1 0 ) ;  F a n s O n : = t r u e ; end;
3 1 4  :
3 1 5 :  if S t r T o F l o a t ( E d i t C u t O u t T e m p . t e x t ) > T e m p 2  then
3 1 6 :  if R o o m F a n s O n = t r u e  then begin c l e a r B i t ( 1 2 ) ;  R o o m F a n s O n : = f a l s e ; end;
3 1 7  :

3 1 8 :  if S t r T o F l o a t ( E d i t C u t O u t T e m p . t e x t ) < = T e m p 2  then
3 1 9 :  if R o o m F a n s O n = F a l s e  then begin s e t B i t ( 1 2 ) ;  R o o m F a n s O n : = t r u e ; end;
320:
3 2 1 :  if R G l . i t e m i n d e x = 0  then begin { S i g m o i d a l  R o u t i n e }
3 2 2 :
3 2 3 :  if G l o b a l T i m e = B e g i n D a w n  then begin s e t B i t ( 1 ) ;  a p p e n d ( a ) ;
3 2 4 :  W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  f i r s t  l i t t l e  l i g h t  c a m e  o n  a t  

' t t i m e t o s t r ( T i m e ) ) ; c l o s e f i l e ( a ) ;end;
3 2 5  :
3 2 6 :  if G l o b a l T i m e = b e g i n D a w n + l i g h t I n t e r v a l  then begin s e t B i t ( 8 ) ; a p p e n d ( a ) ;

3 2 7 :  W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  s e c o n d  l i t t l e  l i g h t  c a m e  o n  a t  

' t t i m e t o s t r ( T i m e ) ) ; c l o s e f i l e ( a ) ;end;
3 2 8  :
3 2 9 :  if G l o b a l T i m e = B e g i n D a w n t ( L i g h t l n t e r v a l * 2 ) then begin s e t B i t ( 4 ) ;  a p p e n d ( a ) ;  
3 3 0 :  W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  t h i r d  l i t t l e  l i g h t  c a m e  o n  a t  

' t t i m e t o s t r ( T i m e ) ) ; c l o s e f i l e ( a ) ;end;
3 3 1 :
3 3 2 :  if G l o b a l T i m e = B e g i n D a w n t ( L i g h t l n t e r v a l * 3 ) then begin s e t B i t ( 5 ) ;  a p p e n d ( a ) ;  

3 3 3 :  W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  f o u r t h  l i t t l e  l i g h t  c a m e  o n  a t  

' t t i m e t o s t r ( T i m e ) ) ; c l o s e f i l e ( a ) ;end;
3 3 4  :

3 3 5 :  if G l o b a l T i m e = B e g i n D a w n t  ( L i g h t l n t e r v a l * 4 )  then begin s e t B i t ( 2 ) ;  a p p e n d ( a ) ;  

3 3 6 :  W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  f i f t h  l i t t l e  l i g h t  c a m e  o n  a t  

' t t i m e t o s t r ( T i m e ) ) ; c l o s e f i l e ( a ) ;end;
3 3 7  :

3 3 8 :  if G l o b a l T i m e = B e g i n D a w n t ( L i g h t l n t e r v a l * 5 )  then begin s e t B i t ( 7  ) ; a p p e n d ( a ) ;

3 3 9 :  W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  s i x t h  l i t t l e  l i g h t  c a m e  o n  a t  

' t t i m e t o s t r ( T i m e ) ) ; c l o s e f i l e ( a ) ;end;
3 4 0 :
3 4 1 :  if G l o b a l T i m e = B e g i n D a w n t ( L i g h t l n t e r v a l * 6 )  then begin s e t B i t ( 3 ) ;  a p p e n d ( a ) ;  

3 4 2 :  W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  s e v e n t h  l i t t l e  l i g h t  c a m e  o n  a t  

' t t i m e t o s t r ( T i m e ) ) ; c l o s e f i l e ( a ) ;end;
3 4 3 :

3 4 4 :  if G l o b a l T i m e = B e g i n D a w n t ( L i g h t l n t e r v a l * 7 ) then begin s e t B i t ( 6 ) ;  a p p e n d ( a ) ;  
3 4 5 :  W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  e i g t h t  l i t t l e  l i g h t  c a m e  o n  a t  

' t t i m e t o s t r ( T i m e ) ) ; c l o s e f i l e ( a ) ;end;
3 4 6 :

3 4 7 :  if G l o b a l T i m e = B e g i n D a w n t ( L i g h t l n t e r v a l * 8 )  then begin s e t B i t ( 1 3 ) ;  a p p e n d ( a ) ;



3 4 8 :  W r i t e L n ( a ,  ' O n  ' + d a t e t o s t r ( d a t e ) + '  t h e  f l u o r e s c e n t  l i g h t s  c a m e  o n  a t  

' + t i m e t o s t r ( T i m e ) ) ;

W r i t e L n ( a ,  ' ' ) ; { w r i t e s  a b l a n k  l i n e }  c l o s e f i l e ( a ) ; e n d ;3 4 9
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i f  G l o b a l T i m e = B e g i n D a w n + ( L i g h t l n t e r v a l * 9 )  t h e n  b e g i n  s e t B i t ( 9 ) ;  a p p e n d ( a ) ;  

W r i t e L n  ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) + '  t h e  h a l o g e n  f l o o d l i g h t s  c a m e  o n  a t  

' t t i m e t o s t r ( T i m e ) ) ;

W r i t e L n ( a ,  ' ' ) ; { w r i t e s  a b l a n k  l i n e }  c l o s e f i l e ( a ) ; e n d ;

f U $  0 V0 /I

i f  G l o b a l T i m e = B e g i n D u s k  t h e n  b e g i n  c l e a r B i t ( 9 ) ;  a p p e n d ( a ) ;
W r i t e L n  ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  h a l o g e n  f l o o d l i g h t s  w e n t  o f f  a t  

' t t i m e t o s t r ( T i m e ) ) ;  

c l o s e f i l e ( a ) ; e n d ;

i f  G l o b a l T i m e = B e g i n D u s k t ( L i g h t l n t e r v a l ) t h e n  b e g i n  c l e a r B i t ( 1 3 ) ;  a p p e n d ( a ) ;  
W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  b i g  b r i g h t  l i g h t s  w e n t  o f f  a t  

' t t i m e t o s t r ( T i m e ) ) ;  

c l o s e f i l e ( a ) ; e n d ;

i f  G l o b a l T i m e = B e g i n D u s k t ( L i g h t l n t e r v a l * 2 ) t h e n  b e g i n  c l e a r B i t ( 6 ) ;  a p p e n d ( a ) ;  
W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  f i r s t  l i t t l e  l i g h t  w e n t  o f f  a t  

' t t i m e t o s t r ( T i m e ) ) ;  

c l o s e f i l e ( a ) ;  e n d ;

i f  G l o b a l T i m e = B e g i n D u s k t ( L i g h t l n t e r v a l * 3 )  t h e n  b e g i n  c l e a r B i t (  3 ) ;  a p p e n d ( a ) ;  
W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  s e c o n d  l i t t l e  l i g h t  w e n t  o f f  a t  

' t t i m e t o s t r ( T i m e ) ) ;  

c l o s e f i l e ( a ) ; e n d ;

i f  G l o b a l T i m e = B e g i n D u s k t ( L i g h t l n t e r v a l * 4 ) t h e n  b e g i n  c l e a r B i t (  7 ) ;  a p p e n d ( a ) ;  
W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  t h i r d  l i t t l e  l i g h t  w e n t  o f f  a t  

1 t t i m e t o s t r ( T i m e ) ) ;  

c l o s e f i l e ( a ) ; e n d ;

if G l o b a l T i m e = B e g i n D u s k t ( L i g h t l n t e r v a l * 5 ) then begin c l e a r B i t (  2 ) ;  a p p e n d ( a ) ;  
W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  f o u r t h  l i t t l e  l i g h t  w e n t  o f f  a t  

' t t i m e t o s t r ( T i m e ) ) ;

3 7 8 :  c l o s e f i l e ( a ) ; end;
3 7 9  :
3 8 0 :  if G l o b a l T i m e = B e g i n D u s k t ( L i g h t l n t e r v a l * 6 )  then begin c l e a r B i t ( 5 ) ;  a p p e n d ( a ) ;  

3 8 1 :  W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  f i f t h  l i t t l e  l i g h t  w e n t  o f f  a t  
' t t i m e t o s t r ( T i m e ) ) ;  

c l o s e f i l e ( a ) ;  end;3 8 2
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if G l o b a l T i m e = B e g i n D u s k t ( L i g h t l n t e r v a l * 7 ) then begin c l e a r B i t ( 4 ) ;  a p p e n d ( a ) ;

W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  s i x t h  l i t t l e  l i g h t  w e n t  o f f  a t  

' t t i m e t o s t r ( T i m e ) ) ;

closefile(a ); end;

if G l o b a l T i m e = B e g i n D u s k t ( L i g h t l n t e r v a l * 8 ) then begin c l e a r B i t ( 8 ) ;  a p p e n d ( a ) ;

W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  s e v e n t h  l i t t l e  l i g h t  w e n t  o f f  a t  
' t t i m e t o s t r ( T i m e ) ) ;

c l o s e f i l e ( a ) ; end;

if G l o b a l T i m e = B e g i n D u s k t ( L i g h t l n t e r v a l * 9 )  then begin c l e a r B i t ( 1 ) ;  a p p e n d ( a ) ;

W r i t e L n ( a ,  ' O n  ' t d a t e t o s t r ( d a t e ) t ' t h e  l a s t  l i t t l e  l i g h t  w e n t  o f f  a t  
' t t i m e t o s t r ( T i m e ) ) ;

W r i t e L n ( a ,  ' '); closefile ( a ) ; end;

e n d { o f  ' i f  s i g m o i d a l '  c o n d i t i o n }

else if R G l . i t e m i n d e x = l  { i . e .  r e c t a n g u l a r }  then begin

i f  G l o b a l t i m e = b e g i n d a w n  t h e n  b e g i n  d i o S e t D a t a E x ( h ,  0 ,  0 ,  2 5 5 ) ;

S e t B i t ( 9 ) ;  S e t B i t ( 1 3 ) ;  / / s w i t c h e s  f i r s t  9 r e l a y s  a n d  r e l a y  1 3  - d e c i m a l  17  o r  
b i n a r y  1 0 0 0 1

4 0 2 :  a p p e n d ( a ) ;  w r i t e l n ( a ,  ' R e c t a n g u l a r :  O n  ' t d a t e t o s t r ( d a t e ) t ' a l l  t h e  l i g h t s  c a m e  
o n  a t  ' t t i m e t o s t r ( t i m e ) ) ;

4 0 3

4 0 4

4 0 5

4 0 6

c l o s e f i l e ( a ) ; e n d ;

i f  G l o b a l T i m e = R e c D u s k  t h e n  b e g i n  D i o s e t D a t a E x ( h ,  0 ,  0 ,  0 ) ;

C l e a r B i t  ( 9 ) ;  C l e a r B i t ( 1 3 )  ; a p p e n d ( a ) ; / / M u s t  S w i t c h  1 t o  8 ,  9 & 13  b u t  n o t h i n g  
e l s e
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w r i t e L n ( a ,  ' R e c t a n g u l a r :  O n  1 + d a t e t o s t r ( d a t e ) + '  a l l  t h e  l i g h t s  w e n t  o f f  a t  

1 t t i m e t o s t r ( t i m e ) ) ;  

c l o s e f i l e ( a ) ; e n d ;

e n d ;  { e n d  o f  ' i f  r e c t a n g u l a r '  c o n d i t i o n } ; 

e n d ;
T i m e c h e c k : = G l o b a l T i m e ; 

e n d ;

p r o c e d u r e  T F o r m l . E x i t l C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
i f  m e s s a g e d l g ( 1 I s  t h i s  w h a t  y o u  w a n t ,  w h a t  y o u  r e a l l y ,  r e a l l y  w a n t ? ' ,  

m t i n f o r m a t i o n ,  [ m b Y e s ,  m b N o ] ,  0 )  = m r y e s  t h e n  b e g i n  
t c 0 8 _ c l o s e _ u n i t  ( c o m p o r t ) ; 

o p e n e d  : =  F A L S E ;

c l o s e ;  e n d ;  

e n d ;

p r o c e d u r e  T F o r m l . R e s e l e c t P a r a m e t e r s l C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
e d i t 1 . e n a b l e d : = t r u e ;

e d i t 2 . e n a b l e d : = t r u e  ;

e d i t 3 . e n a b l e d : = t r u e ;

e d i t 4 . e n a b l e d : = t r u e ;

e d i t 5 . e n a b l e d : = t r u e ;

e d i t C u t O u t T e m p . e n a b l e d : = t r u e ;

b u t t o n 1 . e n a b l e d : = t r u e  ;
B t n S e t F a n s E t c . e n a b l e d : = t r u e  ; 

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n l C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
e d i t 1 . e n a b l e d : = f a l s e  ; 

e d i t 2 . e n a b l e d : = f a l s e  ; 

e d i t 3 . e n a b l e d : = f a l s e  ; 

b u t t o n l . e n a b l e d : = f a l s e  ; 

d a w n : = s t r t o t i m e ( e d i t 1 . t e x t ) ;

b e g i n d a w n : ^ t i m e t o i n t e g e r ( d a w n ) ; { t i m e  o f  d aw n  i n  s e c o n d s }  
d a y l e n g t h : = 3 6 0 0 * s t r t o i n t ( e d i t 2 . t e x t ) ;  { d a y l e n g t h  i n  s e c o n d s }
D a w n D u s k L e n g t h : = 6 0 * s t r t o i n t ( e d i t 3 . t e x t ) ;  { d a w n / d u s k  l e n g t h  i n  s e c o n d s }  
l i g h t i n t e r v a l : = d a w n d u s k l e n g t h  d i v  9 ;  / / t h e r e  a r e  n o w  10  s w i t c h e d  l i g h t s  t o t a l  
b e g i n d u s k : = b e g i n d a w n + d a y l e n g t h - d a w n d u s k l e n g t h ; 

r e c d u s k : = b e g i n d a w n + d a y l e n g t h ; 

e n d ;

p r o c e d u r e  T F o r m l . A b o u t l C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
a b o u t b o x . s h o w ;  

e n d ;

p r o c e d u r e  T F o r m l . C l e a r L o g F i l e l C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
i f  m e s s a g e d l g ( ' N o w  a r e  y o u  s u r e  a b o u t  t h i s ? ' ,  

m t i n f o r m a t i o n ,  [ m b Y e s ,  m b N o ] ,  0 )  = m r y e s  t h e n  

r e w r i t e ( a ) ;  

e n d  ;

p r o c e d u r e  T F o r m l . T o g g l e A l l C l i c k ( S e n d e r : T O b j e c t ) ;

v a r  i : i n t e g e r ;

b e g i n
f o r  i : = l  t o  8 d o  t o g g l e b i t ( i ) ;  

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n 3 C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
t o g g l e b i t  ( 1 ) ;  

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n 4 C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
t o g g l e b i t  ( 2 )  ;
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end;

p r o c e d u r e  T F o r m l . B u t t o n 5 C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
t o g g l e b i t ( 3 ) ;  

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n 6 C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
t o g g l e b i t ( 4 ) ;  

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n 7 C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
t o g g l e b i t ( 5 ) ;  

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n 8 C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
t o g g l e b i t ( 6 )  ; 

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n 9 C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
t o g g l e b i t ( 7 ) ;  

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n l O C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
t o g g l e b i t ( 8 ) ;  

e n d ;

p r o c e d u r e  T F o r m l . B u t t o n l l C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
t o g g l e b i t ( 9 ) ;  

e n d ;

p r o c e d u r e  T F o r m l . S H C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
i f  S H . C h e c k e d = f a l s e  t h e n  b e g i n  
S H . c h e c k e d : = t r u e ;

F o r m l . S h o w H i n t : = t r u e  ; 

e n d
e l L s e  i f  S H . C h e c k e d = t r u e  t h e n  b e g i n

S H . c h e c k e d : = F a l s e ;

F o r m l . S h o w H i n t : = F a l s e ;

e n d ;

e n d ;

p r o c e d u r e  T F o r m l . B t n S e t F a n s E t c C l i c k ( S e n d e r : T O b j e c t ) ;  

b e g i n
B t n S e t F a n s E t c . e n a b l e d : = f a l s e  ;

E d i t 4 . e n a b l e d : = f a l s e ;
E d i t 5 . e n a b l e d : = f a l s e  ;

E d i t C u t O u t T e m p . e n a b l e d : = f a l s e  ;

S e a l e d L i g h t D a w n ; = s t r t o T i m e ( e d i t 4 . t e x t ) ;

S e a l e d L i g h t D u s k : - s t r T o T i m e ( e d i t 5 . t e x t ) ; 

S e a l e d L i g h t s O n : = T i m e  t o I n t e g e r ( S e a l e d L i g h t D a w n ) ;

S e a l e d L i g h t s O f  f : = T i m e T o I n t e g e r ( S e a l e d L i g h t D u s k ) ; 

e n d ;

p r o c e d u r e  T F o r m l . T e m p T i m e r T i m e r ( S e n d e r : T O b j e c t ) ;  

b e g i n
i f  o p e n e d  t h e n  

b e g i n
o k  : =  t c 0 8 _ g e t _ t e m p  ( t e m p ,  c o m p o r t ,  1 ,  F A L S E ) ;  

i f  o k  t h e n  

b e g i n
f t e m p  : =  t e m p  /  1 0 0 . 0 ;  

s t r  ( f t e m p : 6 : 2 ,  s  ) ;

E d i t C h a n l . t e x t  : =  s ;  

t e m p i : = f t e m p ;

e n d

e l s e



5 5 4
5 5 5

5 5 6
5 5 7

5 5 8

5 5 9

5 6 0
5 6 1

5 6 2
5 6 3

5 6 4
5 6 5

5 6 6

5 6 7

5 6 8

5 6 9

5 7 0

5 7 1

5 7 2

5 7 3

5 7 4
5 7 5

5 7 6

5 7 7

5 7 8

5 7 9

5 8 0

5 8 1

5 8 2

5 8 3

5 8 4

5 8 5

5 8 6

5 8 7

5 8 8

5 8 9

5 9 0

5 9 1

5 9 2
5 9 3

5 9 4
5 9 5
5 9 6
5 9 7

5 9 8

5 9 9

6 0 0

6 0 1

6 0 2

E d i t C h a n l . t e x t  : =  11 ;

o k  : =  t c 0 8 _ g e t _ t e m p  ( t e m p ,  c o m p o r t ,  2 ,  F A L S E ) ;  

if o k  then 
begin

f t e m p  : =  t e m p  /  1 0  0 . 0 ;  
s t r  ( f t e m p : 6 : 2 ,  s ) ;
E d i t C h a n 2 . t e x t  : =  s ;  

t e m p 2 : = f t e m p ; 

end 
else

E d i t C h a n 2 . t e x t  : =  

end;
if E d i t C h a n 2  . t e x t o  ' 1 then

begin / / i . e .  i f  D a t a  i s  b e i n g  d i s p l a y e d  
A p p e n d ( T e m p F i l e ) ;

W r i t e L n ( T e m p F i l e ,  D a t e T o S t r ( d a t e ) + 1 , ' +  T i m e T o S t r ( T i m e ) + ' ,  ' + E d i t C h a n 2 . t e x t t ' ,
T e m p e r a t u r e  i n  S e a l e d  U n i t  i s  ' L E d i t C h a n l . t e x t ) ;

C l o s e F i l e ( T e m p F i l e ) ; end;

procedure T F o r m l . E d i t T e m p C h a n g e ( S e n d e r : T O b j e c t ) ;  

begin
t e m p t i m e r . i n t e r v a l :  =  ( S t r T o I n t ( e d i t T e m p . t e x t ) *  1 0 0 0 ) ;  

end;

procedure T F o r m l . B u t t o n l 3 C l i c k ( S e n d e r : T O b j e c t ) ;  

begin
t o g g l e b i t ( 1 3 ) ; / / f l u o r e s c e n t  l i g h t s  
end;

procedure T F o r m l . B u t t o n l 4 C l i c k ( S e n d e r : T O b j e c t ) ;  
begin
t o g g l e b i t ( 1 2 ) ;

end;

procedure T F o r m l . B u t t o n 2 C l i c k ( S e n d e r : T O b j e c t ) ;  

begin
t o g g l e b i t  ( 1 0 )  ;

end;

procedure T F o r m l . B u t t o n l 2 C l i c k ( S e n d e r : T O b j e c t ) ;  

begin
t o g g l e b i t  ( 1 1 )  ;

end;

end;

end •
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