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Susmary of the Theais

The thesis desoribes certain facilities wiich have beom
provided to offer computer users new ways of developing and easouting
prograns,. They have bevn implomonted in the ZGDON 3 operating
aystem for the KIF 9 eomputer which is based on a segmented
superviser apd incorperates a file storsge aystem. An on-line
systez, cgreated by allowing ocertain of the superviser m‘h
hboccﬁnhdhuthﬂ??tuooh.mm'hrmﬁu
COTAN multi=-access system by ocomneoting the KDF 9 to & PDP. 8
computer which sots as a multiplexor for o numbexr of telatype
terminals and a mp&nl display.

In the multi~asocess system there were facilities for
inputing dats and manipulating and editing files. Although these
facilities could be used to gonstruet the text of a program, it
oould only be eompiled and exeouted by entering a Jjob in the batah
processing stream of the background aystem, Now the user, from
en on-line teletype, is able to insert an entry into a job queus
which is ordered so that the ahortest jobs have the highest
prioritye The Job schedulsr of the background aystea was
wodified to slternctely run one Job from the batah input and ene
from the Job queus. “hen required compilation may dbe semi~
conversationsl with succesa or failure messages being M
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to the teletyre. If the user wishes to interact with a progres
while 4t is deing run, its execution in batch mrocessing mode
is suspanded and it is written to disc in a standard manner,
At any timo follewing this aotion it can be reactiwated and itas
exocution eontinued in a fully conversational mode,

These imnowmtions are facilitated by two supervisor segmen
whioh perform the functions of remote job eatry and om-line

reactivation of a suspended progran,
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1.

1. Intredwstion

Now that tho feasability of multi=sacess systoms has been
established every effort is being made to develop tecimiques which
will inerease thoir utility and effectiveness. The facilities which
are deserided in this thesis are adaptable tools with which many
powerful new techniques may be fashioned.

The fagilities were implementoed in the new :EGDON j oparating
aystem which has been developed for the inglish Klectric XDF 9
couputer, This systez is basod on a segmented supervisor amd
incorporates a file storuge aystem which allowa user jobs to nghky

effoctive use of tho disc. An en~line aysten was created by allowing
ecrtain of the supervisor sagments, which operate on the common data
base, to be activated from the KIF 9 momitor consvls. This sgystem
was extended to form the COTAN multi—-access aystem by connecting the
KDF 9 $0o a PDI" 8 computer which acts as & multiplexor for s mumber

of teletype terminals and a graphioal display.

In the multi=access system there were facilities for inputing
data and manipulating and editing files at a teletype. Although these
ruiiiun could be used to comstruct the text of a program it could
cnly be compiled and executed by entering a job in the batch processing
strean of the background aystem, low the user is able to enter the
job at an on=line consocle., If it is required compilation may de



semi-ocmversational with success or fallwre messages boing returned
to the teletype., Although executiom of a program follows its
compilation it may be suspended and continued sometime later in

a fully conversationsal marmer. The imnovations are facilitated

by the two supervisor segments, outlined in the following paregraphs,
wvhioh perform the fumctions of remote job entry and on-line
reactiwtion of & suspended progran,

In oxder $t0 harness the background system to the multi=sccess
aystem a remete job entry facility was incluled in COTAN, To
compile and run a progrem at a conscle the user can insert, inte
s queue file, an entry containing the name of the file on dise in
which the prograsm is stored, a time limit for its execution, and
the nusber of the oconsole from which it was entereds The quawse
is ordered on the time limits 30 that the shortest jobs have the
highest priority. The Job schedular of the background system was
modified to alternately run one Jjob from the batch input and ome
from the job queuses So that this gqusue oould be reserved for
short jobs, particularly programs in development, a second ordered
qusue mas provided for long production jobs. This gqueus ia
servioced as though it was occnocatdnated aon to the end of the short
Job qusue, Sinoe the number of the consocle at which the job was
entered is awilable at ocompile time, aystem messages indicating
sucoess or failwre can be ocutput on it n“ﬂnmunhu.

The remote job entry facility legically prececis and imtroduses
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the concapt of en=line reactivation of a suspended program, If the
user wishes to interact with a progran while it is being run its
exsoution is suspended and it is written to disc in a standard
samer to separate its exscution from its compilation, This
separation is neceasary partly because the actual time of compilatiom
cannot be determined precisely and partly because of the very
different gystem facilities required by s program at campilation
and exeoution times, A high dogree of internction is not feasible
tiiless there is scme form of tine sharing. The user may be
ouaunrdtobogvmauimtdm“wuwmmmbo
2 very inefficient systen which waited for such a lethargio
peripheral, Thus the facllity was implemented in the multi-agcess
aystem in such & way that processor time which is hot being used
by the intersotive task is being absorbed by the Jjob running &n
the dackground system. This imvolves restricting the programner
to enly interacting at predetermined points in the program. At
these peints additiomml data 13 requested from the user and
exsoution of the program is suspended, After the user has supplied
all the required data the program is reactivated and exsoution
contimuns from the peint at which it was suspended. The user is
allowed an unlimited number of burets of processing and there is
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no ommtrol over the time between suspension and reactivation.
liowevor, there is & limit on the time between reactivation and
suspension, when the task is being exscuted, and failure occours
if it is oxoceeded. Ry rostricting the anount of computation
posaible during any one burst of proocessing it is hoped to
reserve the feacility for applications in which interaction is
necessary or highly desirable and to discourage its misuse.
Whilo the task is suspended axecution of the job in the background
aystem continues and only the time required to awitch fram omo
aystem to the other and back again is last. [lovertheless thias
overhend may be quite high since, if the two progsrama cannot
co=gxint in oare, part ef the background job has to bec saved on dise
when the intaractive task is londed while the inter=ctive task is
almays preserved on disc when the background Job is being executed,
It is tharefore clear that a progrem ¢o bc run in this conversational
mode requires to de treated in & rather spocial way and that its
aetivity while being executed ahould be oconfined to & well defined
mrocinot,
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2. The Envirooment.

m;tt-ptwmbondqhtMo thesis to give s ocomplete
deseription of the KLF 9 computer, its associated hardware or its
operating system, Not only are they adequately specified
elsewhere they ure for the most part 0 to speak “"over the horizon®,
In order to maintain a high degree of rolevance particular features,
either of hardware or of sof'tware, which are referred to in the text
will be doseribed as they cocur. There are, howaver, three paramount
landparks whose major charsctoristica necd to be sumparised, 'ﬁnu
are the segmented supervisor, the ob®line system, and the file aystem.
Nevertheless no matter how lnrge and general or ssnll and particular
these clements may be it must not be forgotten that they are all
intrinsie compoments of an integrated system., As a result, between
the recent imovations prosented later and the principoé clements
summarised below, there is a clearly defincd interface. Since the
innovations take the form of command programs, as dowibod below,
and as there are many other oommand progrems performing different
functions dut sharing the same interfaoce, it is clear that these
pregreas should ia their operation conform to standard precepts.
Thus ococmmand programs in addition %o performing a particular
activity must also carry out any housekeeping activities timt
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are mnecessary to maintain consistengy throughout the systems Thus
sodularity is sttained at the expense of repeating sinilar
operations in different command progrems, However to improve
aystems eff'iciency many of the operatioms have boen absorbed by
the on=line supervisor and are only activated from tho command
program, Yet it is still trup t0 say that many compand prograns
porfornm a large varisty of operations which cannot be deduced from
econsideration of their function in isclation from the enviromment.

21 Tho Segmented Supervisor,

The original EGDON supervisor was a non—-segmented program
capable of multi-programming one user job and a mumber of system
functions. It was clear that if the supervisor could be
restructured sc that those parts which were aotive for long periods
of time but which ocould be interrupted occasiomally for short intervals
without deersasing the oversll efficiemgy of the system, these parts
which were aotive for short periods of time bdut which were only
activated sotivated infrequently, and those parts which provided
services for the background job where such servicas were mutually
exclusive, oould share core rather than co~exist them a considerable
amount of memory would be rolessed for other purposes, The
resulting supervisor consisted of a global sectiom and & number of
segaents, In additiom to freecing core the exurcise rosulted in
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the dovolepment of a powerful segmentation control package,

Each segnent is compiled independently to operate in a specified
overlay area, of whioch there are threo, and each is assigned a
priority, the longest running segnonts having the lowest priority.
Occupangy of an overlay area is determined on the basis of priority.
A requast for the activation of a segment enters a queue and if the
priority of the segnent at the head of the quous 1s higher than that
of the segment in the overlay area, then the latter is suspended and
the former is brought into the area, The suspended segment will be
resumed automatiocally when the higher priority segment beocomes inactive,
If the request is for e segment of equal or lower priority then
activation is held up until the segnent recently in the area
termimates its processing, However, a filter mochanisn is provided
to allow subsequent calls for highar priority seguents to reach the
head of the queus.

Thus tho segment ocontrol package uses the priority to govern
the allocation of beth core and C.P.U, timo botweon the sagments
assigned to a given area. Via this mechanisa the multi=-socess
on~line aystem COTAN has becn developed.
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the dovelepment ef s powerful segsentation control package,

Each segnent is compiled independently to operste in a specified
overlay area, of which there are three, and each is assigned a
priority, the longest running segaents having the lewest priority.
Occupancgy of an overlay area is determined on tho basis of priority.
A requast for the activation of a segment enters a queue and if the
priority of tho segment at the head of the queue is higher than that
of ths segment in the overlay area, then the latter is suspended and
the former is brought inte the area, The suspended seguent will de
resuned automatioally when the higher priority segaent beccmes inaotive,
If the request is for e segrent of equal ar lower priority then
activation i» held up until the sagnent recently in the erea
terzinates its processing, However, a filter mechanianm is provided
to allow subsegquent calls for highsr pricrity seguents to reach the
head of the gueus.

Thus the segment ocontrol package uses the priority to goverm
the allocation of both core and C.F.U. tinme between the segments
essignod to a given area. Vis this mechanisa tho multi-aoccess
on=line systam COTAN has been developed.



2.2 The Gon~ldine System

The on=line systen is composed of throe mein sections, the
coznunication package, the on=line supervisor, end the command
programs, all of which operate in supervisor mode,

The ocomunication package is a small scction in the global
part of the supervisor which controls the flow of messages between
the on=line system and various on-linc "devices®™. The latter
include a PP 8 (which in turn aots as a multiplexor for 20 om=
line comscles and a display), the monitor flexowriter and the
backgroumnd jobs.

The on=line aupervisor consists of two top priority overlays
operating in overlay arcas O and 1. They are activated via calls
t0 the scgmentation ocontrol packago.

The command programs operate in the third overlay area but
are brought in under contrcl of the on=line superviscr. They
carry out the functions regquested by the conscle uasars and retwm
output via the coomunication peckags, A command program is in a
sense an sverlay dbut it is allowed to expand past the end of the
supervisaor into the user area if necossary. Thus multi-progremming
betweon the background job and the on—=line system is only possible
if there is sufficient space for the two to co=exist in meaery,

If such 4is not the oase then the background system is held wp while
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some of 1its eore is used for other purposes.

“#i3  The File System

The file gystem is ooncerned with the management of information
stored in the disce The information is assignod a structure and
methods are evailable for adiressing and manipulating it, FPrecautions
are takun to gunrd againast the corruption of the information by
sachine or system malfimotion and beck up fncilities are provided %o
ensure effooctive utilisation of the space avallablo on the dise.

In EGDON 3 the disc is divided into a number of various sise
units oalled "legical dises". All permanent information ia stared
in one such unit called the file storage ares. This information
can be addrossed by the logiosl disc number and a sootar addross
which is relative to the start of tie logical dise. Thus the
informmtion bold in files can be changed dyremically at run tine,

A file is s oontiguous nwber of sectars in the logliocal dise
uged for file storeges It comsista of two parts - a hend and a
bodye Tho head ocontains descriptive and statistioal information
about the contents and use of the file while the actual inforwmation
is held in the file body.
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The file head is constructed when the file is created and is
8 fixed nwher of sectors in length., It cantains such informmtion
as the name of the file and the fileo owner, when it was created,
bow big it is, what it contains, who may access it and in what
manner. 'The parmitted modes of access are read only, write only,
append cnly or any combimation thereof, The status of each agcess
mode is either public or private. If public, then any authorised
wer of the aystem is allowed the corresponding mode of accessj if
private then only those users whose names appear in a list in the
file head are parmitted to access the file in this manner.
Statistics about the frequency and last time of ococwrence of each
¥pe of access are also kept in the file head: This ensures that
the system always bas available information teo determine whether
e file is being used froquently encugh to warrant its retention
on the dises The file head also ocontains run time markers which
govern multiple access to a file., For ezasple any mmber of users
may be simultansously reading a file but only ame user at a time is
allowed to write into a file and them only if mo cne is curremtly
reading it.

The file body is the section of the file aoctually accessed hy
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the users Disc transfors to and from a file are monitored te
ensure that file boundaries are not oxoeeded and that no attenpt is
made to read non-existent information.

For esch authiorised user of the aysten there is a file, in e
standard format with the sane name as the user, known as a file
directory and owned by the privileged user SYS, whiah contains
a list of the names and cwrent wheresbouts of all the files owned
by the user, The directory file is also used to bold information
ebout the user, This includes upper limits on the use of such
resources as disc space and computer time together with statistics
about current usage and a list of the user's job codes.

The user SYS slso owns a siallar direotory oalled SYS whdch
contains a list of all the system files and a apecial filec, ocalled
USERRANZ, which ocontains the names of all the authorised users of
the aysten togother with the sector addresses of their file
direotories. This is referred to as the USEUAME direotory. Thus
the system, in locating a given file, first searches the USERNANE
directory for the mame of the file owner; this then points to a file
directory which in twu points to the file itself, Thus files
baving the same name but belomging ta @iifferent users cannot be
cenfused.
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3« Remote Job Entry

Clearly in clectronic data procossing the most general
sppliocation, and one that must bDe accamplishod efficiemtly, is
that of progrem development. Yot a najor obstoci@ to the rapid
development of programs is the inavailability of prompt machine
tine duwring the testing stage. The main reason for this is that
most owrrent computors have a single processing unit which servioces
weers one at a time and executes progrems in suocession with
negligible interaction. FPurther, the use of input and output
wells necessitates batoh processing which, desplte aaking prodbably
tho most officient use of the computer, leads to rigid dbatching and
indeterninate twrn—around times that decrease the flexibility of
the operating system. Thus the system is designed for a typical
user who is tailored to its peculiarities.

Although ocompilation normally makes heavy demands on nemory,
when a fast compiler is awvailsble, program developsment does not
require nuch machine time, It is therefore reasonable to suppose
that progrems in developRent ‘should have sowo pricrity over long
production jobs. The prodlem of aystem degradation which often
results when scheduling is based primarily on pre-assigned
priorities can be avoided in a multi-acoesa aysteu.
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The tarm sulti-access is reascnably acourate when applied
to a sof'tware struoture But is misleading when appliod to the
csntrel processor since the essence of a mseful multi-access
systen lies in the sof'tware, particularly the ococmmon data bese,
and not in the hardware. Although tho solution lios in how
processing tine can be shared between jobs with different
priorities the teram time-sharing is scmewbat imappropriate,
particularly in the absence of multi-programming ss it emphasises
the ultimate goal of preoviding each user with a private’'virtual
computar's, However, it is evident that a multi-eccess
aysten's ability tc provide, in certain ciroumstances, the
oequivalent accescability of a private computer is a necessary
charagteristic.

“hile the great majority of the computer users are orientated
towards the batch processing system for program compilation and
axecution it is imadvisable to produce an alternmative aystom whdch
is redically different if there is no intention to run it exclusively.
Therefore, 30 that pregrammers will not bo confused or feel that
their skill and experience are dbeing wasted if they adopt the new
facilities two of the desizn criteria have basn ease of use and
eompatibility with existing features,
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The remote job entry facility consists of & command program
which places a Job ready for compilation and execution intc one of
two qusues, to be run eithor at the end of the ocwrrent backgroumd
Job or as a truc backgroumd job at scme later time. In either
case the Job is executed in the sane manner as an ardinary
beckground job., This faoility is in faot the front end of the
remote job faciiity of the omn~line system. It accepts reguests
for tho entries fram on-line consoles, checks the validity of the
dats and adds the entries to the appropriate queue file, Although
at run timc all output is handled by the pseudo=off=line system, if
the user activates the cammnd JOIN, af'ter entering the job, aystem
mossages will also be output on the comsole.

The queues are stored in two files oanlled REMOTJOB and
BACKGEND owned by the user 315, Thay are refearred to as tho renote
and background job gueuss, Statistics in their directory files
detercine the maxisum run times which users can assign to jobs in
either gueus, Keeping the time limit for a job in the remote gueue
snall and that for the beckzroumd queue reasomably high ensures that
production Jobs are entered in the background queus reducing the
walting tine for Jobs in the remote queus, This last point is mot
imnediately obvious unless it is undorstood that different users have
different tine limits.
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Each entry in either queuc consists @fia Job card and sm
euxiliary card, The job oard is a modification of the control
oard which preoceeds all joba in the background aystem. Among
the changes the two most important are the introduction of the
file nane, specifying the file in which the progran to be rumn
is located, and the console number, Since this number is
swailable at compile time, system messagos describing the ocourse
of the compdlation, which are output on the paper—-tape punch, can
also be direoted back to that partiocular consoles The awdliary
oard eontains the date and time when the entry was added to the
queus, At present this information is redundant but in future it
will be used by a more sophisticated schedular,

At present tho schedular altermately runs one job from the
background aystem and cne Jjob from the remote Job queue. If the
renote job queue is empty it alternates with the beokground job
queus, It is, however, possible for the operator to suspend the
servieing of either or both of these Quauss and of the background
systoms Thus although mechine time is not being made available
on demand the request is being noted and the response time adjusted
according to the apount of time required. The flexibility of
the operating system has been increased and it can now be biased

in faWour of datch processing or time sharing eccording to the
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particular requirenent of any installation.

The usor inserts an entry in sither queuws by sctivating the
JOB comumnd progran. Successful actiwation requires that the
user should supply the command namo and four items of data.
Whenever the aystem oxpects the user to input a command name the
oonscle will print 7** on a new line. A control key on the
oonsolo may be used at any time to ensure that a console is being
serviced by the aystem. In this case 7** will alsc be printed Af
the comsole is ready to accept a command, Although tho user
normally supplies the command name JOB, for brevity, only the first
lotter noed be typede Tho system will accept the contracted mamo
as an abbreviation and replacc it with the full name from en internal
list of valid ocommands., The system thus checks the usor's response
and rejects any invalid comuwand names. If the command name 18
preceedod by & full stop the output of ocommand progran messages of
a confirmatory mature is suppressed.

In nerwnl practice & series of prompts are evoked to remind
the user aof the data required for the copmand, The noxt prompt
is evoked by emding the cwrrent line on the oonsocle with a carriage
return charaoter, Whon the series of prampts is expended the
aystem will request the next oommand.”

The first prompt following the JUB command is TYPR 7, asking

+* Jo. \"\vvﬂ\er AeNoals Cena wlic veje fence % X LG qw,‘s Cwide & Coran ]
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theo user which queue is requireds The standard replies are REMOTE
and BACK referring to the remote and background job gueues
respoctively, However, either data iten may be contracted to its
first letter,

The next prompt FILE? ssks flor the name ond version number of
the file in which tho user's prograp 4s stored. A reply might take
such a form as YEWPROGRAN/1234 A standard HGDON 3 file name of wp
to twelve alpha-numeric characters followed by a four digit version
nuwsber soparated by a slash from the name part, If the version mumber
is not supplied then the first file with the same name part in the list
of files stored in the user's dircctory file is taken., Only the
prograns, which are stored in those files of the user which can be
legnlly accessod immediately, may be rmum.

The third prompt CODE? requests vne of the user®s job ocodes.
The user has & set of job codes, each of up to six alpha-numerio
charegcters, which may be asaigned to different types of Jjoba.

Gnly the four characters, of one of the eight basic codes stored
in the usor's direetory filu, need be specifiod.

The leat prompt is TIN:Z to which a warioty of answers may
be given, The basic reply is & time limit for the axscution of
the Jjob, glven as a digital number. Alternmately the user may
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respond with MAXIMUM, REMNMOVE, STATUS or a contraotiomn of aone of
these mames. In the case of MAXIMUM the naximum time allowed far
the execution of any of this user®s jobs, stored in the user's
directeory file, is being requasteds. REMOVE requests that if the
user's job, corresponding to the rest of the data, is in the queus,
it is to be taken out, For STATUS, meassages describing the owrrent
status in the queue of the user's job are output.

Rxoept when they are supressed dy the user, information messages
dosoribing the state of the aystem are output. If a fault is found
in the date then fallure messages are output. The structuro of the
command program is shom in figure 1 and its operation described in
greater detail in the comnentary on the major routines.

Although eccmmand programs operate in supervisor mode it is
poasidle to partially dedug them in progrem mode using a supervisor
sinulator, OSince both the interfaoce and the onviromment are well
defined a dumay enviromment is used which imitatss many of the
resctions of tie real environment and chocks the wvalidity of the
information which is passed aocross the interface. The checking
is effectively syntax orientated sc that final testing must be carried
out in supervisor mcde in the real emviromment, However, with a
combination of simulator checks and standard mrograa mode debugging

aids, development of this command rogrem was groatly speeded.
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3¢t Conmentary om the Major houtines

Se1e9 Initislise the System,

A comsunioations area in the segaent h’loadad with the
addresses of wvariables and Jumps to subroutines in the resident
part of the auperviscr to ailow the command program to communicate
with .M’.a envircament., The address to which contrel is to be returned
when the command program terminates, is preserved. The address of
the arca, in which the on=line supervisor cen preserve machine
registers, whonower the command program cails an gxtermal subroutine,
is set,

If the oconsole type number is not that of an on—=line comsole,
indicating that the command program is coperating on behalf of a
background Job, either after a direct call or after it has beem
called into execution via a macro oall, mormal exit occurs and the
messagic

THIS COMMAND CAN ONLY BE CALLED FROM A CONSOLE,
is output to the line printer. Normal exit will cause the aystem
to cbey the next command in the sequence or, if the ourrent command
is the last commapd, to retwrn gontrocl to the calling sequence.
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If no one is logged in pause exit occurs and the moasage
NO ONE IS LOGGED IN

is output to the comsocle, Pauso exit causes processing of the
command {ile to be suspended and any subsequent commands not yet
obayed ore jreserved. The console thon retwms to the coamand
lﬁtotodluthonmtologhnndm.ll the command again,

If the QUIET command is in operation, ar if the cammand hes
been called with a full stop precoeding the cunmand name, then a
quict marker is set to indicate that the outpul of moasages of &
oconfirzatory mature is to be supprossed.

The owrent comscle nucber is inserted in the Jjob card so
that at run time any output reguested by the user is returned to

the cwaTect console.

The date and time are inserted in the suwxiliary card. Sinee

at the present timoe there is no way of determining the possible run

times of jobs in the background syste: quoue the development of @
sophisticated Job schedular appears to be impractieablc. However,
when the rum timea of these jobs are stored in a file as they are
loaded into the imput well ¢ schedular will be deveioped which will
make use of the imformatiom atored in the awdliary card.
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35¢1e2 Unpack and Chock the Type

Intry is made to the data unpacking subroutine to unpack the
typee I this is the only iten of data in the input buffer
interective failure exit cocurs and the mossage

DATA INCONPLETE
is output to the comsole.t Intersctive failwe exit causes processing
of the commond ile to be suspended and any subsequent cammands not
yet ocbeyed are preserved. "hen the console retwns tc the input
state the first prampt for the command is outpute This form of
exit is used whenover a command fails and the amount of data that
has been supplied with the command is relatively small. The command
interacts with the user who is expeoted to refype all tho data
associated with the command,

1l the type is nedther RENMOTE mor BACKGROUND then intersctive
failure exit ocours and the message

TYPE NOT RECOGNISED
is output to the console, otherwise the type marker is set accordingly.

It is possible, through operator intervention, to step the
servicing of s particular guewe., If the requested queue is not being
saxviced the parsmeters of the information message

THIS QUEUXE IS NOT BEING SBRVICED AT THI KOMENT
See aote  on page 39,
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are added %o a list, In order to reduce the number of disc tranafers
informetion messages are not output as they occur. Instsad their
paraneters are added to a list and before the cammand progranm
teradnates, if the quiet marker is not set, the messzages are read
into one buffer and output as one compound message.

It is slso possible for the operator to tell the aystem to
sorvice none of the gueuss when the current job has terminated,
even though the quoues may be switched on, This is referred to as
pausing the system, “hen the current job teruinates the system will
8° into a pause state, allowing the cperntor to issue instructions
which camnnot be given while a job is running. Servicing of the
queus may only be continued after the aystem bas heen unpaused.
If the queue is being serviced but the system is paused the paramotors
of the information messege

TEIS QUEUE IS BEKING SERVICHED BUT THE BACKGROUND SYSTEM IS
PAUSED

are added to tho liste

The nale of the quouo file and the logical disc nusber and
sector address of the owner 's directory file are set to ebtain the

soctor address of the queus file via the sapvropriate subroutine.
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For each queus there is a gqueus coatrol word through which the
conmand program oan pass information adbout the queue file to the
supervisor onrd reading package, The control words contain three
items of information: the sector address of the queue file, a bugy
oarker which 1s set when the JCB comsand program is in operation,
and & coumt of the pumber of Jjobs in the queue which are still to
be exeouteds The seotor address part is set and the buay marker
switohed on.

The first sector of theo file hoad of the gueue file is resd inte
the carg and the ausber of the ovouplied and reserved sectors in the
file body are oompered. If the two are not the same an allowance
of one sector is made for a possible incremse in tho length of the
QW-{

Tho number of wowds in the £ile hoad and ocoupied sectors of the
file body, which bave to be read from the disc, is caloculated. This
pius any allowance made for an increase in the sise of the quoue is
the nuber of words of external work spece required from the on=line
supervisor, External work space is taken from the area outside
the supervisor which is normally roserved for background jobs,

If the background job requires all of this area it is interrupted and
part of it is dumped on disc. lHowever, d.noowluh this comnand very

1ittle space is required, and the background job rarely requires all of
* See pege 2% bne 4 wher wvawnbaedy ofF e LT Sz ekorg
s ecaleulakech |
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its area, in practice the Jjob is not interrupteds The file head and

occupded sectors of the file body are read into the external work space.
Finally Af any of the jobs in the queue have teridnated the

remainder of tho queus is shifted forward overwriting this garbage.

3¢1¢3 Unpack and Check the File Name

The file nsnme marker is set and entry is wade to the data
unpacking subroutine to unpack the neme and version numbor of the
user's Job deck file. If the {'ile nalee is the last item of dats,
interactive failure exit occurs and the message

DATA INCOMPLETE
is ocutput to the ocunsole. Tho file name and version number are set
in the job card in the standard foarm. If the version number is not
specified it is assumed to be sero.

Finally entry is made to the subroutine which finds the
seetor address of a file to check the status of the user's file.

If tho job deck file lms a legal stutus, oontrol is returned and

is passed to the routine which unpacks and checks the job code.

Jelel Unpack and Check the Job Codes

Intry 1s made to the data unpecking subroutine to unpack the
Job code. If the job code is the last item of data, interactive
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fallure exit ocours and the message
DATA INCOMPLETE
4s output to the comsola.

The second secter of the wser's directory file is read to
obtain the moxizwm elapse tine, in the minutes, sllowed for the
user’s jJob in the requested quous.s This is ccmpared with the
value 999 the maximum tine that can be put on a job card, and the
ninimm value retained. The original mauxdmum time from the
directoary is inserted in the positiom ALUUX in the information
message

YOUR MAXTMUM TIME FOR THIS QURUE IS XOXXX MINUTES
the parapeters of which are added to the list,

The Jjob code is inserted in the job card, 1If there is not a
corresponding job code in the user'silile directory, intersetive
fallure exit cocurs and the message

ILLEGAL JOB CODE
is output to the consols.

3eted Unpack and Check the Time

The tine is obtained via the data umpacking routine. If it is
not the last item of date, internctive failure exit ococurs and the
messago
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TOO MANY DATA ITHEIS
is output to the conaole.

If for the time the #ord RENMOVE is given, control passes to
the routine which will remove the specified job from the gusue, If
the word STATUS is supplied, cantrol passes to the routine wmhich
outputs mossages describing the cuwrrent status, in the queus, of
the jobs If the reply is the word MHAXIMUN, it is replaced by the
maximur time, previously determnined, which the user 1s allowed 0
give to a job in the queue,

If the time specified is not one of these, then, if it is sero,
greater than the allowod maximum, or not all nuneric, intoractive
failure exit ocours and the message

TIME SPECIFIED UMACCEFTABLE
is output an the comsole.

If 2 legal time is specified thon it is inserted in the
Job card and sontrol is passed to the routine which will insert

the job entry im the gqueue.

3.6 Add a New Job to the (ueue

If there is no room for another entry in the quoue interactive
fallure exit oosurs and the message
THE QUBUE IS FULL
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is owtput to the ocomsole. Otherwise the run time of the new job
is ommpered with the times of the Jobs already in the queue, weiting
to b; axocuted. The new entry is inserted immediately before the
first job in the quoue which has & greater time limit. If no sush
entry is found the new catry is placed at the ond of the gqueue.

3ete7? ligmove a Job from the Queus,

Starting at #he beginning of the queue, each job, smaluding
the one which is euwrrently running, is compsred to the new Jjob,
If one is found with the same file¢ name as the specified job &t is

removed from the gueua.

5¢1.8 FProvide the Current Status of the User Job

A word contaiming "™™WDQUSUE is inserted in the gqueus immediately
after the last entry. This marker is used by the supervisor card
roading packsge. The rest of the card is set blank and the first
word of the next ocard is loaded with *XDELOC, This marker is used
by the other comand progieuns which may operate on the file,
Information in the file head indicates the number of sectors which
contain informmtion while the *RNDBLOC marker determines the end of
information within the last ocoupied sector.
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Since the queus files have no unigue status and nay be
operated upon by a variety of aysten progrumes the statistics contained
in their filuv heads have to be updated by the cammand program to
conform to gemeral standards. Since the length of the queue may
have eltered the number of ocoupied sectors is rocalculated and the
marker, indicating that the filas body has been altered since tho
last primes is sct. The name of the lsst user to altor the file,
in this case SY: the flile owner, nnd the date and time of the last
reading and overwriting are set. Since both the file head and the
file body bave been altered, their sum chooks, which will be
recalculated the next time the disc is primed, are sot blank,

Under the statistiocs correspondiing to tie file owner SYS, tho
nusber of times that SYS has read and overwritten the file body are
both ineremented and the date and time of the last reading and over=
writing are set,

If the user's job is no longor in the queue, or if it is
currently being run, then the parameters of the information message

YOUs JOB IS RO LONG:X IN THE QURUE
are added to the list, Otherwise the number of jobs Defore the
current user's job in the queue, and their time limits, are toted
wp and inserted in the information messago
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XX JOBS IN THE QUEUE = & TQTAL TIMI XXX MI'UTES
Entry is then made to an auxiliary routine which suppresses
Lrrelevant parts of this message and tho paremeters of the message
are added to the list,
The head and body of the gqueue file are written back to diso,
In the queue comtrol word, the number of jobs in the queue is set
lndﬂ)efﬂobmmkerholmd.

3e1s9 Terzdnation,

Sigoo all exit routes, incluling failure routes pass through
this routine, the busy marker in the quoue comtrol word is set
umbusy, If the quiet MEirker is not set then entry is mads to the
subroutine which outputs the information messages® buffar.

A number is set indicating whethar s normal axit @r a failure
exit bas occowreds The rotwn address is fetched and control
pasess back to the on~linms supervisor,

501410 Output Information illessages in One Buffer

Iff there are eny informatica message parameters in the list
mﬁommmmmumenmbwrwuadwtputh
the oonsole. They are loaded im the same order in which their
paramoters wero added to the list and the necessary control
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Sete 1 Obtain the Seotor Address of a File

The first seotor of the uaer's directory file is read %
deteruine the number of sectora containing entries desaribing the
user's files. Thereafter each ocoupied sector of the dircotory
file is read and the file name part of each entry matched againat
the name of the stated file.

If a mateh is not found, interactive faillure exit occurs and
the message

¥FILE ROT FOUND
is output to the console.

Then a match is found the other parameters in the entxy
desoribing the flile are exmmined end if" sn illegel state is found,
interactive feilure exit occcurs and the nessage corresponding to the
particular state is output to the console.

Possible mna.se}l and their meaning unre

THIS ¥ILE DOES NOT EXIST
there aro no paramoters for this file,
FILE DELETED
the file hes been deleted o renamed,
FILE TO BE ARCHIVED
the file is to be removed from the disc at the next archive rum,
FILE ARCHIVED
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the file only exists on an archive tape,
FILE T0 BE RESTORED
the file is to be reostored to the disc from an archive tape,
In addition, if & fault has been found in the file during
the last disc prime the warming message
*% YOUR PILE COULD BE FAULTY
is output to the console.
If the file is not in an illegnl state its sector address
is fetohed from the entry and supplied to the oalling routine.

301412 Unpack a Data Iten

The data input at a ccnsole is mresented to the command
progren in a forty word buffer. Botween cach item of data is e
separator character and the data string ends with a terminatiom
charegter, Amy charscter which is not a letter, e digit, or a
control charasoter is ignored. At each entry one item is taken from
the input buffer and the residual data saved.

The file name is a spocial case, firstly because the name part
say be more than ome word long and scoondly because the version
numbor part is effectively a second item.

There are two exits back to the ealling routine from this




32

subroutine, dependent upen whother, after extrecting the current
item, the input buffer is empty or not.

NOTE

The  wmplele, lisk  of wsponses & e pompts
15 assembled (a Hee D.D (& % . homodlad. ovev & KDF q
bﬂfe‘{ the skt of e wecubon  of He commmancl
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e Reactiwation of a Suspaxied Program

It bas besn stated in the introduction that a program to be
rum in & conversatioml mods requires te be treated in a rether
special way and that its sctivity, while being exscuted, should
be confined to & well defined precinot. This will be explained
in the first two sections of this chapter., The first describes
the special treatment which is necessary to minimise the overhoads
incwrred in progream swapping and to separste exscution from
compilation. The sescond gives s datailed specification of the
design of the precinot in whioh the program is sotive. Thi clees

e ke 1B the AL OL comwmancd wm COTAN  hada (S
basecsh ©n Hae Whetrsione +vensbaror

he1 The Frogram Comsolidation and Initial Suspension Neechaniams

Vhen & progreas is run in the backgreund system, independent
of its actuml sise, it always occcupies the whole of the pregram
area allooated to it. The resson for this is that, while the
ooding oceupies the lower end of the program ares, the data is
stored in the wper part. Thus there is a gap, between the
oeding snd the data, whioh is used by neither of them, Since
the interactive system requires that the user's program should
frequently be swapped in and out of core it should be as amall
as possible t0 minimise the transfer time., The aise of a
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Slye

preogran is determined by its highest data address and this may
be redused using the progrem comsolidation mechaniam.
Consolidation means moving the gap adbove the data area, thus
bringing the coding and data together. This juxtapesitioming
is achisved by preceeding the first declaration of the progrea
hytbdn]mﬁueta!ngdwm.* This array sheuld
be the same sise or slightly smaller then the gape The data
which is declared first always ococcupies the ares at the top
end of $ore 50 that the progran's data declaretions will be
allocated the space between it and the coding, lowever, since
the aystem cannet recognise that part of the data ares is
redundant the user bes to supply the SUSPED routine eof the
initial suspension mecimnism with the mmber of words of the
program which have to be written into the file on disc.

The interactive aystem operates in a restricted environment
within which aystem and utility progrems will not funotion., Sinoe
these programs imeluds the assemblers and compilers it is necessary
to precompile the user's program in the background system. After
it bas been ocmpiled, at a predetermined point in its exsoution,
it writes a copy of its core state, which includes & dump of the
prograa acoessidle mechine registers, into a file on disce The

la the CoAe c&- a Felran program iy army mual b2 aamed

5.5 the Fovar ublx,nktf,u.r . the Wmwmon WSL
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dusping and writing to disc is performed by the routine SUSPND
which i»s resident in a file and made awmilable to the user's prograa
by the imclusion of a macro call which names this file. Thus the
routine is ocmpiled with the user's program. Sinoe the routine
oan be called into action at any point in the exsoution of the
progren, data arees may be initialised and besioc calculations
completed before it is suspended. The points at which interaction
is requested should, howevar, cocowr af'ter the point of suspension,
Therefore the prograam may be divided logloally into two parts,
The first part can fully utilise the exiating facilities of the
background aysten while the second can be designed prineipally
to take advantage of the interactive fagilities.

Although it 1s refarred to as & suspension mochanisn the
operatian of tho routine is that of taking a anap=shot of a
perticular machine state. On entry to the routine all program
accessible machine registers are saved in ressmved core looations,
A ocantrol card is then read identifying the user, the file into
which the program is to be written, and the nuber of words of
the progrem which have %0 be dwped, The user's name and the
file name are used te ocbtain the actunl address of the file on
disc. The spesified part of the program, caloulated from the

»
L .h* .‘J

. ki Werd 1s Unet's va-lume ;AAM\':."&"
wbh\‘ ;J-ST F~\¢ MO w2 G 0015;0« “gm\aﬂf‘

wta?-\ H' Nu.‘L‘J‘ & “gi“\h h L-l AHM‘\QA
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base address, is writtan into the file, Fimally the machine
registers are reset and oontrol is returned ¢to the point in
the progran frem which the suspension routinoe was called, This
final action is the first action sarried out by the program when
it is resstivated for the first time because the eriginal initial
Jump which normally takes oomtrol to the first imstruction of tie
progran is replaced by a Jump to this point in the routine,
After comtrol has been returned, the program ocontinues to run to
completion as though suspension had never ocourred. Since the
action of the suspension mechaniss has no effect om its state,
the program can be completely tested in the background aystem
provided that dummy responses are made t0 requests for intersction,

he2 The Interastive System

On=line reactivation of a suspenied program, like the remote
Job entry faeility, consiasts of & command progrem. However, when
aotive, this comnand program wwrps completely the power eof the
reaident supervisor, In order that it may wield this pewer
responsibly it is well endowed with fasilities normally denied
to command programs, By this it is not meant that the total
structure of the superviser has been dwpliocated. This implies,
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since there is a correlation beotween structure and fumoction,
that many operations are still carried out in the supervisor,
Nevertheless, even in such circumstances the command prograa
exercises supreme authority,

The prerogative is essipgned to the command program because
it requires to comnstruct a precinct which is inoonaistent with
the existing environment. This allows the same requests of
the user progran being exescuted in this interaotive systea to
be interpreted differently from how they are when it is rum in
the background aystem. However, since the interactive system,
Just like the resident supervisor, must service other parts of the
system, the body of the supervisor is preserved while the head is
replaced and a now limb grown,.

A contradietion arises when the use of periphersals by
intersctive prograns is considered. It has been assumed that
these programs may be tested in the beackground system before
belng run conversatiomally. Huwever, not only must a background
Job mot sccess a peripheral directly, but it never has accoss to a
oansole. It is obvious that pscudo~off~line use of periphorals
is Mp,ﬁbh with interaction. The solution adopted was to
&uthm&wum“awhmr-duul

kam—?
mmmm{ tor| printer elther as a paper—tape punch



38.

or & line primter, In the interactive aystem all data transfer
requests are trapped and they are assumed to refer to the user's
on=line conscls.” However, an exceptiom is made for messeges to
the graphical display which may de used an=line in the baokgreund
aystea. A mechanism has bdeen implemented wheredby both systems
may share the display using it as an output deviee,.

Specifying the sotion of this command progrem is rather like
dosoribing the colour of a chameleom. Its operation is related
to the sotions of the wser, the user's program, and the resident
superviscr, Therefore these relationaljiips will first of all be
discussed individumlly.

be2,1 Relationallips with the User

Essentially the user can only control the initiation and
termination of the commeand progrsa. Depresaing the ‘stop
mcuuu'mhqummehumﬂnﬁ-nm
supervisor t0 set a marker which the cosmand program recogaises
as & request to termimate its operation. Initiation also cecurs
via the om~line supervisor but, depeniing on the particular
ciroumstances, may take one of the following three forms.
¥ An g ette )t by aw e & e Bl A ‘urat)ta.w R wae

\vu.such‘c *a\.% ed H\Q clihc_ Qau..-.\.o }o 4&» ule Tl“b w-l«P.u ﬂ\c*
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In the ease of the reactivation of a program, which lms deen
sritten to dise by the imitial suspensiom mechanism, a copy of the
file omtaining the progrem is transferred into a wark srea of
disc knoum as the file nesting store. Ome of these areas is
assogiated with ench em=line oonsole and operates as a push
down stere, the top cell of which Ban be mocessed by & command
program, By isauing the semmand EXECUTE the user calls the
command program which reads a ocopy of the contents of the top
osll into ocore and, cbeying the modified imitial Jump instructiom,
reactivates the progras from the peint at which it was suspended.

If at any pednt in its exscution the user program regquests
data the ecommand progrem outputs a progpt to the oconsole, retains
the initial state of the progrem in the second top ocell of the
file nesting store, writes the ocwrent state into the top cell
and then terminates. When data is suplied the commtnd progras
is recalled and entered interectively. It retwns a oopy of
the current state of the user progrea to oure, trunsfers the
data te it and resumes its exscution, Input from remote
consoles is effectively batohed and the user may awply more data
than is requested up to the limit of the sise of the om=line aystem
input buffers. VWhether all of the data will be trensfered to the
user progream and utilised, depends upon the sise of its buffers and



how they are employed.

If the user does not wish to supply data af'ter & prompt the
current state of the program, held in the top cell of the file
nesting store, may be saved in a named filo, At asome later time,
to continue the conversation, a copy of this file is transferred
back into the file nesting store and the comnand RESUME issued,
This calls the command progrem to roactivate the user prograsm by
reading a copy of it into core and repeating the last prompt
output at the previcus session, The user then comtinuss by
supplying the appropriate data as above.

Le2+.2 FEelationships with the User Prograa

The command progran caloulates the in—-cors sise of the wer
progrea and requests this amount of extermal work area from the on-
line supervisor. The base addreas and mumber of locations, of
the part of this area which is to be ocoupied by the coding and
data of the program, are set in the memory protection register,
The user progranm is then read into core and execution resommences

as though it was a standard binary program,
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Whdle the user program is being executed it may make a
request to the supervisor, which takes the form of & machine
interrupte It ia the duty of the command program to trap,
decode, ani service such interrupts, Since in many ocases there
is very little correlation between the requests of the user
progran and the services performed by the command program their
connexion will be discussed, It should, however, be noted that,
Af the command progrem asccepts a requeat, tho user progrem will be
given the impression that it was serviced noxwslly,

The simplest requests are those for the current date and time,
and the user's job codes The command program cbtains this
information from the on~line supervisor and passes it over, in the
required format, to the user program,

The omly peripheral transfer request which is serviced in the
nornal way is the one to output a message to the greaphioal diasplay,
The ccmmand program adds the message to the diaplay message queus
which is normally only accessed by a background job, If the message
contains & standard display file then the picture will be refreshed
sutomatically.

Messages to the line printer and paper-tape punch are output
en the teletype printer., Since this is a relatively alow devioce,
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long line printcr mesaages are truncated. Output to the card
punch is ignored since to provide facilities to handle these
nessages would have involved unnecessary duplioation,

Requests for input from the card reader and peper—tape reader
are referred to the on=line oonscle, Data input at the teletype
keyboard is converted to the format expected from the requested
device and passed over to the user program.

A request for temination from the user program causes the
cozmand program to terminate itself, However, when a failure
condition is found by the user program it may request a core dump
before the failure tormination., Such a request is interpreted as
a request to restart the user program fyrom the peint at which it
last read dates Detection of a failure condition by the machine
bardware results in direct terminstion.

A time limit of twenty seconda is inmposed om the user program.
This is deterzmined o be the maximum time between reactiwvation and
suspension, as defined in the previous section.

be2.) Relationships with the Resident Suporvisor.

Since the rexidemt supervisor contains the bulk of the
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informatiom about the state of tho system, during its operation
the command progream is obliged to socess this information via

the communications area. 1In eddition the supervisor contains
the message gqusues and their servicing routines, The coomand
progran, therefore, only inserts ani removes messages whilc the
actusl transfers are performed by the suwervisor, However, since
control resides in the cammand program, it is necessary that it
should regularly be passed to the supervisor so that the qususs
may be serviced,

ke) Structure of the Command Program

Because of the variety of the relationships slresdy desoribed,
the command progres performs a large number of apperently independent
functions. However, where two or more of these functions are
similar they are performed in 2 similar manner, This leads to
the overlaying of onme function by anothor to produce an agglomorate
with no Bbvious structure. To simplify the desoription of the
aotiom of the command program, it will be oomsidered that a
particular function is performed by a seoction whereas a growp of
similar or clesely commesoted funotions are performed by & phase.
From this point of view the structure of the command progran consiste
of connected phases (FPigure #)s Since & mumber of progranmes
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might be using the intarective aystem at the same time, the
comoend progran bas besn made re~entrant 80 that a new copy is

not required whemever the active user changes.

he3e?! Initialisation-Reaskivation Phase (Pigure 3)

This phase oomtrols the initialisation of the camand program
and the reactivation of the user progrea, HReactivation by the
" user always involves initinlisation of the ecommand progran,
However, reactivation from within the coamand program by the
cantrol phase, operates direetly.

bedete!d Commentary on the Routines.

VPSS Initislise

This routine starts by performing the basic aotions of the
command program i inmitialising the communication area, providing
the on=line supervisor with a dump area, and preserving the entxry
nusber and return address.

The internctive marker and the addreas of the diaplay queue
parapoters are cbtained, A check is made that there is a file in
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the file nmesting store and, if there is, that it is not larger than
the extermel work area available to it, If the entry is not
interactive & system message is output to the user's oonsole
indicating that the command program bas been initiated.

The layout of the user program in oore differs from the
machine state preserved by thaiini.tul suspension mechanism, In
order that the commend program's buffers and variables oan be
preserved during any future suspension, an.additional data area
is attached to the front of the user program, This new prograam
stats and the position of warious command program pointers is
shown in Pigure he

Suffieient external work space for this laysut is requested,
the pointers are set, and the machine 'base address/mmber of
locationa' register is leaded. Fimslly the machine ‘everflow’
and ‘test' registers are clesared and the run time limit of the
user progrea is set, The entry nunber imdicates whether control
is to be passed to the execute reoutine or the unsuspend routine.

h}o1o1oz Executs

The class of the file in the top cell of the file nesting
store is checked to make certain that it contains & binary progrem
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A copy of this program is read inte the space in the external work
arss ressrved for it and the address of the point at which exscution
is to comnemce is set. The count of the number of words in the
prompt buffer is sarced and control is passed to the control phase.

4e3e¢1e1e3 Unsuspemd,

The type and elass of the file in the top ocell of the file
nesting store is checked to make certain that it contains a bimery
prograa which has been suspended by this command progream. A
copy of the user progrex is then read into the externmal work area
and the undump routine entered to reset command prograa variables,
If entry was imteractive, ocontrol is passed to the read phase
otherwise it is passed to the terminatiom phase.

M,o‘n'ok m

Commend pregram variables, which were not held in machine
roegisters but which were saved with the uwser program during the
previous suspension, are reset, These imcluie the oontents of
the machine registers which were preserved when control was
returned to the cammand program from tho user program, following
s request for additional data, and the count of the number of words
in the prompt buffer,
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helele2 Exeoute Section (Pigure 5)

By issuing the ccmmand EXHCUTE the user calls the command
program %o reactivats & progrea produced by the initial suspension
nechanism. VWhen the user progrem is read into core the ndditiomal
data ares, initially empty, which ia futuwre will be considered an
integral part of the progras state, although net directly accessible
from within the program, is attached to it, Control is then passed to
the centrol phase which initiates and supervises the emecutien of

the user progras,

heJeis) Resumo Sectiom (Pigure 6)

The user issues the comsand RESUME which calls the command
prograa to reactivate & program which it has suspended, Instead
of supplying data for the prompt eutput at the time of suspension
the user has trumsaforred frem data mode to command mede. Any
sequence of events may bhave been performed since then as long as
the suspended prograz is now in the tep cell of the file nesting
stere. The wser Togram and the command program are retumned to the
samd state as they wers in prior to the previous suspension. This
involves resding the user program into the core and resetting the
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command progran varisbles which have been dumped in the additional
data area, Contrel is pagsed to the termination-suspension phase
to repeat the previous prompt and ammit the required data.

Le3ei.4 Intersct Seetion (Piguwre 7)

This section reactivates s progras, muspended by the command
program, after the user hns recalled the command progrem by providing
the data requested by the previcus prompts The user prograam is
read into the ocore and the command program wariables ressts To
tranafer the data from the buffer of the on—line supervisor's
ceomunication paciage into the buffer of the user program, control
is passed to the read phasoce

he3e1:s5 Restart Seetion (Figure 8)

Previously if, in response to a prompt, the user inmput data
which was illegal in the context of this request, the user progran
output & message indieating why the data was unacceptadle., It
thea output the comtemta of a seotien of core to the line printer
and terminated, eausing the command progrsa to return control te
the on~line supervisor, The user had to start with the origiml



< T $= ~ -
2 JANUeracy

€3

Q
O
ct

|35
O
-3

TY T TYsNC
mis ¢

e S UDJL_IR

{—y

)

¢

(5}

¢
tJ
0]
)
0,

n
=

s A i

S
x=AD

Ee i gl i ey o))
SSOHOL

CONTROL PHASE

-

\lJ'

-

Unsu

n—

rend

il
.p/'-‘-',\_)l

4

/

ARATOART OTTODITATS
LN LNNAL .LU.L\_QLD".J o

B

DTN T AT

YNET THIT ATy
.u.no.LO,.\ linon

Undump vari

o

}_5
(]



4%

wersion of the progiam, issue the command XXECUTE, repeat the
complete interactive sequence up to the last prompt, and then
input the correct data,

However, the system was reorganised so that, during the
interactive soquence, the origimel version of the user wogran was
retained in the second top oell of the file nesting store while at
each subsequent reactivation the current state was preserved in the
top cell, This alleowed the user, after a failwe, to recctivate
the program from its previous state by issuing the command RESUME,
The last prompt was repeated and the carrect data provided.

When this was done it Decame evident that the previous prompt
oould be repeated without intervention by the user. This is
accomplished by allowing the failure message to be output dut
interpreting the request for a core dump as Af it is the command
RESUME issued by the user program. Since the command progren is
already initislised, the resume section route is intercepted at
the unsuspend stage and thereafter this section sots as though the
user had issued the command RESUME.

he3.2 Comtrol Phase (Figure 9)

This phase initiates the running of a suspended progrem and
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controls its execution by trapping and decoding interrupts.
Although it services certain interrupts, in most cases comtrol
has to be passed over to another phase or to the body of the
resident supervisor, However, control must be returned te this
phase if it is to bo given back to the user program,

he3e2.1 Comaentary on the loutines

hede2:1.1 Pasudo=directer

Since this routine oontains the generul mechanisa for
bandling interrupts which is slready well documented, as it is
found in standard supervisors for the machine, only the most
significant points will be deseribed.

When an interrupt cecurs, coantrol is transferred to a fixed
loeation. In the standard system, by obeying s Jump instrustion,
oentrol is then passed to a routine in the resident supervisor
which handles the interrupt. On entry to the pseudo—director
routine a copy of this Jump instruotion is preserved and the
origioal is overwritten by anether jump instructiom whioh will
cause contrel to pass to this routine whem any further interrupts
oocure In this way the command progran gains oversll control of the
operating aystem.
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The first comcern of this routine is to update the clock and
terminate the user progrenm if it should exceod its time limit.
Termimation may ocowr upon request by the user or the user rograa,
or if an orror is detected by the hardware. In faot if a program
request is found, control is psassed to the out decode routine
while termimation is handled by a separate phase, However, with
end of data transfer interrupts, control is passed to the queue
servicing routines of the resident superviscr,

hede2:142 Out Decode

The out decods routine translates program reqguests and
interprets thea with regaxd to the awailable facilities. Comtrol
is then passed to the soetion, normally in another phase, that will
service the particular pequest.

hele2:143 Job Code and Date and Time

Entry is made to this routine either to cbtain the Jjob code
of the user or the owrront date and time. In both cases the
information is obtained from the resident suparvisor, by way of

the communicatioms ares, and converted to the required format.
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It is made available when ocontrol is retwrned to the user progran
via the pseudo-director routine,

hs3e2.2 Execute Seotion (Figure 10)

This is an extension of the axocute section in the
initislisation=-reactivation phase. The Jump instruction is
Planted which will cause cantrol to be transferred to the pseudo~
director routine aftar any subsequent interrupts. Tho user
progran im oore is restarted from the point at which it was
suspended by csusing comtrel to obey its indtial jump inatruction
and oontinus its execution.

he342:3 Input Seotion (Figure 11)

Regquests for data to de input from the paper—tape reador or

eard reader osuse comtrol to be passed to the read phase.

hele2e.h Output Seetion (Figure 12)

If the user program requests that a measage should be output
to the paper—tape punch, oard pumch, line printer, or graphical
display, control is given to the write phase.
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he3e2.5 Restart Sectien (Figure 13)

A reguast from the user progran to carry out a core dump is
interpreted as e request to restart the pregrem from the previouws
interactive exit, Comtrol is passed to the restart section of
the initialisaticn=reastivation phase to ocarry out the actions
already described,

he3e2.6 Utility 3Jection (Pigure 14)

Since servicing a request for the user's Jjob code or the
cwrTent date and time oan bde easily implamented, it is handled
completely within the control phase.

he3a2.7 Failure, Terminate, and Discontinue Sections(Figures 15,16 and 17)

These seotions are different paths leading to the same conclusion.
Termination follews a requost to finish made by the user program,
discontinue is a comsequence of the user dspressing the stop execution
control key on the oomsole, and failws results whan the mmchine
bardware detects an arror conditiom,

he3e3 VWrite Phase (Figure 48)
Although) this is referred to as & wite phase the ecmmand
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progran dees not itselfl tranafer messages either to or from the
peripheral devices, The action of this phase is to guarantee that
the messages are in a legnl format, insort them in the ocorrect
queus, parmit the gusus to be serviced, and finally ascertain that
they bave been dispatched.

e 3eJe Console w Sections

Since output to the om—line comnscle bas been stbdivided
into partially overlapping sections, some general points concermed
with it shall be discussed ssparately.

On=line aystex characteristics diotate that any messages output
to the ocomscle should be in paper—tape code and should not exceed
forty words in length, The sdditional data ares associated with
the user prograam contains the buffers, each forty words in sise.
The first two are assigned as output buffers to allow double
buffering of norpal messages. [However, there is another type of
Bessage nown as & prompte.

When additional data is required the cammand program outputs
& atandard prompt to the camscle. Whereas the user progrem may
osntain more than ene input statement, this prompt only indiocates
that data is required, It is theref'ore necessary for the user
progran to identify individuml requests., This is acoamplished by
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precseding each input statement by another statement which will
output & tag message designated as a prompt. This message is
held in the third buffer, the prompt duffer, overwriting any
previous unissued prompt from the user progrem, Although normal
messages are output immediately, & prompt message is held until
data 435 requested, If and when this coecurs it is output in
preference to the command progres prompt.

he3e3.2 Paper—tape Pumech Section (Pigure 19)

The facility to handle messages intended for the paper—-tape
punch was implemented as this is the device narmally output to by
assexmbly language programs. Code comversion is unnecessary and
¢ machine register is used to mark prompt messages, Since the
user has full oontrol of the output parameters, striocter checks are
made for illegal cumditions than are made for nessages output by
8 high level langmge rogram which uses a standard package.

heJ3e3e2.0 Commentary ean the Routines

be3e3e241 Faper—tape Punch

First entry is made to the subroutine which checks and modifies
the program's duffers and then to the message tranafer subroutine to
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load a prompt inte the prempt buffer or a normal message into the
currently availasble output buffer. With nozwnl messages control
is passed to the an~line supervisor to initiate the tranafer and
the buffers are switohed,

bele3n2a2 Check and RM & Buffer

The sise of the bDuffer and its upper and lower addresses are
checked. These addresses, which are relative to the base address
of the user progrum, are transformed into absclute machine addreases,

4e363:¢2:.3 Transfer a Neasage

Given the parameters of two forty word buffers A and B, this
routine tranafers the camtents of buffer A inte buffer B until
either a termination character is found im the information or
buffer B is full,

he3e3s3 Card Puncly/Line Printer Seotion (Pigure 20)

Facilities to handle messages intended for the card punch er
the line printer were implemented as these ere the devices normally

output te by a high level language program, lowever, messages are
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not normally output on the card punch and since ocomputer readadbls
output is not baeing produced, to avoid unnecessary duplication,
punch output is ignored without penalising the user program. A
message is designated a prompt by preceeding the printable string
with a control characters Since the user has little control over
the sise of the message buffor, excessive output is truncated rather
than treating it as an error comdition. Truncation may alse ecowr
as the result of the ncoessary code conversiom which tends to
increase the length of line printer messages.

he3e3:3.0 Commentary on the Routines

he3e3e3.1 Card Punch/Line Printer

In the oase of punch output comtrol is returned directly teo
the control phase. If the user program issues a message for the
line printer the buffer addresses are modified and the information,
with code conversion and any necessary truncation, is tranaferred
into either the prompt buffer or the cwrently available output
buffer as apecified, Control is retumed to the comtrol phase
via the paper—tape punch section which will output normel measages
end switch buffers.

§3.3.4 Graphical Display Seotion (Figure 21)
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Display messages produced by the user program are transferred
to a moessage queus in the resident supervisor whioch previously had
not been accessible by & command program., Sinescthere is only one
graphioal display, to avoid confusion, display amessages are only
accepted from two comscles which are in the proximity of the
display units Although in most csses display files will be
goncrated automaticelly by the GHOST graphical output aysteam,
since assembly language programs may also use this facility,
checks have to be made on both the mossage parameters and certain
of tho oomtents of the messago which act aa pareneters at a later
stage.

he3eleke O Comuentary on the Routines

he3e3elet Graphical Display

Intry is made to tho subroutines whiech check the comsole
numbar, check and modify the message buffer, and check the parameters
in the message. The now entry is not inserted in the queus until
any previous entry has been tranamitted, When the entry is inserted
lockouts are set onm its buffer. Contrel is not returned to the
control phoss until the moasage has been sent,
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Le3e3ehe2 Cheok the Console Number

If the display messago origimates from a program reactivated
from & remote terminal (mot the XDF 9 monitor flexowriter or the
PDP 8 monitor teletype) it is ignored without penalty and a warning
nessage output to the oomscle. Indication 43 also given if the
message camnot e output booause the display umit is not awailable.

be3e3ekhe3 Check and Modify tho Display Buffer

The sise of the bduffer and its upper and lower addresses are
checked. These addresses which are relative to the base address
of the user progran are tranaformed to absolute machine addresses.
If this bufTer has been used for a previous transfer and the
lockouts are still set control will not prooceed until they have
besn cleared,

be3e3ekhel Check Display Message

A display message consists of a display file preceedod by
file paraneters. This routine chocks that the walues of the
pearameters agres with the graphical system specification of thems
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Le3ely Read Phase (Figure 22)

If interaction is to be considered from the point of view of
efficient use being made of tho computer then this is the most
important phase. Simoe 1t is assumed tiat the uwser's resction
o a request for dsta will be slow, suspension and interactive
exit from the command progrem take place automstionlly. Whea
all the required data has been input the command program is
recalled and the user progren resctivated. Thus only the tine
taken to dump and undump the user progrem and part of the background

This 5 i effect altheugin
Job ig lest, Adthough time sliocing, often under a diffaorent name,
1 aot_yiemiite. eliber Whe Lujrossiss 15 gives Wt S ar more
programs are being processed sinultanecusly, which is blatently
false, or the rather dubious assertion is made that the switohing
time is negligidble, ihat can be said, however, is that when
the user reduces the freguency of the interactions the effect of

the interactive system on the backzround system is less conapioucus.

beJakst Commentary on the Routines

hedebeled Tapar—tape Read

Although entry from the control phase causes intersotive
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exit via ths termimaticn=suspension phase when the reguired data
bas been input control is returned by the initialisation-
reactiwmtion phase, The buffer of the user progras is cheooked
and modified and the data tranaferred imto it., Defore returning
to the control phase the prompt buffer is cleared.

beSekete2 Card Read

The only significant difference between this routine and the
paper—tape read routine is the neceasity of ocode converasion. If
the case of a character is comsidered an integrel part of that
character then oconversion is straight forward as there is a one-
to—one relationship between the different codes. Although theore
is direoct somnversion from paper—tape code to alpha-numeric ocode,
since the binary code is rerely used, it is sufficient to provide
for alpha-numeric to bimary conversion.

he3eke2 Paper—tape Read Section (Pigure 23)

Like the papsr—~tape punch section of the write pimse, with
which it shares the check and modify buffer and transfer nessage
subroutines, this section provides a facility intended primerily for
assembly language programs.
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hedokel Card Lead Section (Figwre 2h)

This soetion, providing an input facility for high level
language programs, oorresponds to the card punch/line printer seotion
of the write phase. The user program may read cards as though the
data was in fixed or fres format and in alpha-numeric or binary ocode.
In fact the preferred types are free farmat, which is the conventiomn
of the on~line system, and alpha=-numerie code, which is the omly
code of the write phase.

he3s$ Teorminatiom=Suspension Phase (Pigure 25)

The title of this phase reflects its duality of function.
The command program may be terninated upon detectiom of an illegal
condition or upon the request of the user or the user program, A
request by the user program causes lmmediate exit, the cwrent
version of the user progran is not saved, and the aystem reverts to
the command state. Altermatively, when a request is received whish
implies that additional data is required, the current vorsion of the
user progrem is written to disc while, om exit from the command
program, the system remeins in the data state.
4e3e5 1 Commentary on the Routines
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LodeSelel Suspend User Frogranm

Entry is first made to the subroutines widoh output the
proapt and dump the variables. The previous owrent version of
the usor program, if any, is removed from the file mesting store and
the new owrent version writtem into the top cell, The origimal
version is always preserved in the second top cell,

Le3e5.1.2 Output Prompt

The last prompt given by the user program is output to the
console. "hen such a prompt is not awailable the standard prompt
of the command program is used.

‘-03-501 .’ DI" Variables.

Certain user progrsa varisblea, norsally held in machine
registers but preserved in core leocations by the coomand prograa
after an interrypt, are stored in the additionsl data area.

he3eSetels Uutput Fallure lessage

The link address of the user program (WEWWW/S), the number



6he

of the command progrem routine (MRRR) im which the error test was
made, and the number of the teat (TTT) within this routine are
inserted in the failure mossage

FROGRAN PAYLURE RRRR/TTT
LINK = WWW¥i/S

which is cutput to the console.

42365215 Terminate Command Progrea

The exit number, which may indicate normal or interscotive exit,
is set. The retwrn address is fotched and control returmned to the
on~line superviasor,

Le3e5.2 Intermot and Suspend Seotions (Figures 26 and 27)

These sections have been separated, not because of any
difference in their asction, but because of differences in the
reasons for entering them. If the commmnd RESUME was used to
¢call the command program or automatic restart is being attempted
then the suspend seoction is entered. However, if oulpom is

enly a direct result of a request for additional data by the user
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progran then it is refared to as the interac$ section.

In either case the action of the seotion is to output the
previous prompt, write the user program to disc and cause
interactive exit from the cammand progras allowing the user to
input the required data,

he3e5¢3 Failure Seotion (Pigure 28)

This section can be entered from any phase withoul any
restrictions, Mailwre messages output by the cosmand program are
intended to pinpoint the position at which an illegel ocondition
was deteoted rather than to explain the cause of failure. The
information output consists of the link address of the user
program, the mumber of the coanand program routine in which the
error test was made, and the number of the test within this routine,
To obtain the cause of failure the user may utilise the routine
and test mmbars to access a oorrespondiing explanatory message
from a list held in a public file, The principesl reason for
excluding explanatory messages from the command program wes to
limit its storage requirements, Such messages would not only
require atorage space but alao additional coding to handle them,

Once the cammand program exceeds a ocsrtain sise it competes with
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the user program for core. Thus increasing the sise of the
ocommand mrogres decreases the ares awailadble for the user
programs Sinee a large number of illegal oonditions are tested
fer this policy has resulted in a substantial saving in space,
Another reasom for such a poligy is that in most clrcumstanses
there is no imnmediate correction which the user camn make in oxrder
to continue exmoution. Therefore the time required to access the
explanatory messages is not very inportant and in no oase oritieal.
Similar logic determines that normal exit to the online=-superviser
should egour after falilure sinee everything that can be has beem
stacked in the file nesting store and is available if required,

help Development and Testing

T™he intersctive systen cvmmand program unlike the JUB coomand
program could not be developed or tested with the ald of the
superviser sinulator. GSince many parts are anly activated after
an interrupt is trapped and imstructions are used which are only
legal in supervisor mode the command progran could net be rwm in
program mode. Instsad the ocomplete machine had to be reserved for
development and testing runa, In the event of failuwro the moat
relisble of diagnosties was the information from machine state
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indicators and core dumps. In consequence a larger amount of real
and machine time wers consumed than ware regquired for a standard

cazmand program.
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5  Conclusions

The power of a multi-sccess system ahould lie in the
conprehensivensss of its data handling facilities where both ‘data’
and 'handling' are given their widest interpretation. It should
be comprebensive in the sense that it cmbraces a groat variety of
facllities whioch are brought together to form an integrated umit,
It follows that each facility gains strength and meaning from ite
association with the others. However, when the facilities are
assogiated by chaining them so that the results of ope ia the
data of anothar it should be remembered that a chain is only as
strong as its weakest link,

The remote Job entry facility forms & limk in a chain for
program development and must be evaluated as part of this chain
as well as upomn its own meritss It is preceded by a formidable
array of charaster string and file manipulation facilities which
are direoted to the task of composing the textual form of the
prograa and followed by the faocility which allows diagnostie
messages, relating to the compilation and exsoution of the prograa,
to be rotwned to the users Within this context ita function, te
introduce programs into the job exeoution stream, is clearly defined
and has been fully implemented. In addition it 'hn been expanded
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and generalised as far as would appear to be purposful and profitable.
Inplementation of the interastive aystem can be Justified if
the system provides facilities, not otherwise available, which,
when used to solve a problem, consumos loss processor time than
would have been oxpended had the problem been solved by more
orthodox methods, Consider the class of problems in which a
oathematical model is constructed in order to simulate a physiocal
system, At same point in the comstruction of the model it may be
necessary to make adjustments using apeculstive or empiriocal procediures.
Where such mrocedures require a large number of short bursts of
processor time, because the interactive system is so responsive to
the user, more efficient use should be made of the processor,
This gein in efficiengy results from the avoidance of unnecessary
repetition. 7Vhen processor tine is available in a smell number
of long bursts the strategy which covers the greatest nujder of
possibilities is the moat promising. As the number of bursts
increases and their length decreases it boocames more favourable
to select the most prcbable continuation thus avoiding many of
the redundances of the previous stratogy. The @isplay may prove
an invaluwble aid in this selection sinoe it is of'ten easier to
make an estimation or decision from a graphiocal rather than a
numerical representation of results. It is thus apparent that the
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interactive systen may prove a worthwhile experimental tool for
the rescarch worker.
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