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‘ such specrall

i*gfthe same area og execution memory. A, working o

ABSTRACT
. /Interactaveicomputer access to be, of maximum ut111ty

4

must be available for ‘the ma]or part of the normal work day.

- A problem ,encountened ' when attempting f to .maxlmize

'availability isg,af shortage ‘of execution memory.. Th1s4 "

-~

. problem is particularily acute for systems servuc1ng only a

N

small numb

"graphics serv1ces frequently serv1ce only one“user"at @

:_nble

btime.( Due\to user react1on time the memory utilization for

-_‘serv1ces ~are not - offered

: work day..

: rv1ces 1i£#ery low. As a result such

or usefully long periods of the‘

of users’ at a given time. Largeginteractive;:‘

ThlS. research analyses thei problem' of" 1ncreasinq“‘

._;availability by swappina interactive serv1ces in and\:ut 9f4
pe

'h'system to achieve this goal was designed and tested

To aid in the design queuing theory and 31mu1ation were, R

J*_used. When a choice of simulat1on lanqhage wa%lto be madep75'f'

/

Hit was decided to de51gn a new interactive simulationtf

/

':ftechnique based on the APL language.ff The. new technique,l

t'_coNSIM, was.used to develop a working model of the Operating' t:;i:

4,

This thesis cpntains details on both the onerating'i.gf,f

*&stem and the simulation technique.;i_,g~:

Y

ating .
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CHAPTER 1
«  INTRODUCTION ¢

»

“If any de51qn goal is common to all computer
‘S§ystem  organizatioM . schemes it 'is that of
prov1d1ng effective service both externally to the
‘user of the computational facility and = internally

- with  respeft . to  the utilization of ‘system
-resources (Sherman and ﬂeying, 1969) ; R

. Such-a goal desqribes a, compromise demanded of a.

computer system de31gner or computing centre manager as he'.

s

”attempts to satisfy the usually diverse service requgsts mof

. the "computer f’user-, community ‘-in',a' resource“llmited\h

'3'env1ronment. vA reQuest for ‘a serv1ce w1th inte%active"‘

'_tesponse characteristics 1n a predominately batch proce351nq

?oriented env1ronment magnifies this confllct.

751 1 What charac\krizes 1nteract1ve serv1ce?

After a user of computing fac111ty hests~'somef'

o ¢ [

"ffgerv1ce from the facility he must wait for a period of time

o reqyest and its fqlfillment constitutes response tfme,

.:ebefqre having his request satisfled.; The delay be_ween the"

.Fdr“

1'termina1 based requests Stimler"and Bruns (1968) more’

nprecisely define response time as

3

the time in seconds between the vtransmissicn of “,
the last character of a. message and the receipt of
the first character of the reply oo



'-g' B p.f\»_ix \\:_;1 -
In a t1me sharlng system 1n wh1ch each ser'receiveso”a
t1me sllce orl quantum of computlhg pewer éﬁcording to some‘
"schedullng algorlthm some - authorsr 1nc1ud1ng Sherman ard
Heylng -(1969) deflne response t1me as the'elapsed tlme from'”
'the end of 1nput untll the end of that request S flrst .s
quantum of c0mput1ng.

In an 1nteract1ve env1ronment the user of the facility’

attempts;: to'm utllxze s 1ntermed1ate 'results from his
hcalculationsuor program to modlfy or"correct the .approach
'vfor.h solv1ng hlS problem. ? Frequently suchv‘av usert‘is‘
;ﬂzdescrlbedpas ‘co verSLng withlh;s program or the computer.
fForA‘an»‘efflcient 'conversation%~ the fresponses»‘fromhthe
jpcomputer'must'be»onva htime;scaie, comparable‘.to'ltheh'time
sCale of the. programmer ‘s thoughts. . The response timés
must therefore,,be 1n the order of seconds ‘and " frequently'-
_less_ than ~one’ second. Robert B. : Mlller (1968) made a
"'number of measurements of human reactlons to response txmes
. in' man-computer conversational transact1ons.» He measured_.h
? seventsens;types :of-aresponse categorles. The necessary .
résponse tlmes ‘ranged from 8.1 - second forv' controlf

actiVation tasks such as turning a switch on or a l1ght pen,’

Iusage, through two to four; seconds for Iguerles regarding L

"ffsystem StatuBr_ such 8y fw the last message valid to
G , v K

uhfifteen seconds for requests to load a‘ program __ih;

g :jpreparatiog for useful thk-v



User‘respOnse time tolerance is .a functron~ of his"k,
'expectation, and the State of his thoughts. "If he regards a‘

;lrequest as.complex he w1ll-tolerate S:jhongerJ delay-ﬁbefore>

.':receiving‘ amvanSWer. The stateofvhis'thoughts)the‘secondgg-
.\factor,‘efers to hls degree of mental cloSufe. : Closure
~descr1bes plateaus or comoletlons 1n'a‘group of thoughts or

2

cf«actions. C1t1ng Mrller étexample- when telephon1ng-another'f}if

' person a small closure occurs when the number 1s located in‘d
the d1rectory and a’ second and stronger closure occurs after E

'_ldlallng the number.‘ Mrller (1968) stated that. el |

‘The rule 1s that more exten51ve delays may  be -
. made . in- conversatlon or transaction after‘a_ ‘
'closure_.than in’' the procesS' of _ obtaining
~closure...the greater . the closure the longer the
- acceptable delay in preparatlon and rece1v1ng the
next“response follow1ng that closure

- He concluded
‘response’ delays -of approxrmately 15 seconds, and
certainly any .delays longer than this, rule out
conversational 1nteractron between‘n human and
'.1nfqrmatlon systems “ - e .
van de Goor et al (1969) in their descrlptlon of TSS/S

vfbf PDP-87 compUter consrder as quer bounds on responsefa
; ' (W

Atimes the interval that<contains the response ‘time to 9ﬂ% of'

J;the transactions under consideration.(//;:1ng' these guide}

‘11nes this author defines response time as the elapsed time.'g,f”'

;Mbetween the transmissron of the last character of the input',
i X

"message» and the receipt of the first character of the.reply
L /s o
: and an lnteractive or conversational facility -as | in B

T

L



. . - 1 R B T o ‘Z
which’ the response t1mes for 90% of the 1nteract1ons d es

/\ \ ¢ . -u_.b-f;' «

‘not exceed flﬁteen Seconds.

.

brel.Z-Why“would an interactiméfserviceﬂbe requested?
o : . ) . . ‘f ) . ’ ._ | . ( -
\ R \l.\ . .
. \ T - o ',.\\ .8 ‘ Co .
In~the 1nteract1ve or._ conversatlonal mode'of computing,

'_the programmer or - user may crltlcd/ly evaluate‘ intermediate

A
-,

¢ -

fldresults and subsequently\ modlfy succeedrng stéps'in the;'
‘_problem solv1ng procedure.‘u:Conversely»» in the batch.'
.proce551ng env1ronment the. user must design larger steps 1n
"hlS procedure, attempt the executlon of the complete step, '
ievaluate_ output recelved, usually after a 31gn1f16a#& delay"
(typically 2 to 30 mlnutes at best) and then proceed w1th
Vthe nextu'step or :rede51gn the fltst step 1f it contalned
_ierrors. 7 AA_ |
| - Sackman (1968) 'summarizedd fivel:studies,:deSidnedeto :
Q’measure '_the; .relatlugp"merits% fof‘ prObiem' soﬁving by

‘ 1ntetact1ve,‘methods'vversus 'problem 5 solv1ng by vbatch

i

vlprocedures;: A total of 212° subjects were requlred to solve
ﬂprob;gmﬁ coverlng a broad range of toplcs. H1s —summaryr?
.:ﬁlndlcates that compared to batch technlques the 1nteractiveio
approach results in-” (a) 25% less human time being used tot,
';fsolve the problem, (b) ‘the elapsed time to completlon of the r

problem is less, and ('c)"'" slightlyﬂore computer time is N

i+ Ov-.

'~.r}.iused, One can. therefore vseeg that for -some classes ”off3

k
e



problems the int%ractive’ appioach. to computing has
advantages compared to batch methods, A‘second‘observation,‘
generally true for 1nteract1ve systems,ubis that 'computer

processor time is spent to reduce human time and effort

'l.3lﬁom can»anvinteractive service:be'supplied?
‘-[fhe'problem.offSUpplying-tan AinteraotiVe service hasv,
vabeen -resolvedf‘by Va"’variety of:_means ‘tanging from the
}5lserviceqcannot}be‘ offered at this installation | toirthe
design_fof “totalf system"tlme sharlng sYstems such.as thelr
Michigan Terminal System (MTS), the Xerox Batch Time Sharlng_
. Monitor é;, the Hewlett Packard Time Sharing System. _ ';'
\A number of ,1ntermed1ate ;olutlons in _the- form of
»usub—system monitors have ‘also- been proposed and 1mplemented.v'
Several i.specific}.instances ﬂbfv sub-system monltors 'are,y
‘;discussed iﬂ;chﬁpfel two.: A submonitor -may- be a special
- purpose system:'designed’ to solve af'restricted,class‘ofs

'-7prec1se1y defined ‘problems.. ExampFes of" -such specia1‘
[

;,__purpose monitors 1nc1ude automated library loan serv1ces and f

]
~air11ne ‘reservation systems.' Alternat1vely the submonitor‘

may be a qeneral purpose tlme-sharing %supervisor. Such a-

‘supervisor' allows the 'user to utilize several different o

5aCOmputer languages or pre-written programs to solve many.'

B

v'asdifferent types of problems, for example- FORTRAN could be

‘used to fsolve a set of equations in engineering, a report



’b . i.‘ o

generator could be used for a bu51ness, applicatiOn, and a

: N
data base management language 'could . be used to access a_
.bibllography. For general purposetsystems the use of the

~total computing system is frequently 1ndlcated  The -

K}

Michigan Term1nal Systtm (MTS) represents a general purpose

Ww [N

ystem. ' Castleman (1967L prgg%ses~/ghihlrdeariation, an:‘t

Fet I

evolv1ng special ,purpoSe time sharing . system fas La

i

’combination off.the . above ‘two' categoriess_ This form of
submonitor allows afvioe range of problem 'deflﬁ&hlon but
: only.fforc;a» restridted class -of appllcations. -The common; .
'implementation' of Iverson language, A?L,_-by fbM,l rork.‘
' University,t Xer0x, etd: 'areﬂ ﬁxcellent. eXamples. df-'én‘
evolving spec1a1 purpose monitor. It 1s general purpose inp“
| that the user defines his own problems but 1t is" restricted'

1n that, until recently, only APL files could be accessed.

Access to common system files is now poss1b1e us1ng YORK APL

_file 1/0 or the TSIO featere .of IBM’s APLSV (IBM 1974).-
Most sub-system monitors are' eithert spec1al purpose or[ =

| evolving special purpose supervisors.;

Why are not all computing systems of the 'general

'purpose ’ interactive variety? -prs' mentioned B earlier

interactive computing trades computer time for human time._-'-

t

This is exactly the conflicttmentionea in the opening lines |

of this thesis. ) A program in the proﬁuction stage likely

does not require the support of an interactive facility and

\'.-' ‘:c

RTINS . . o - SR o N
. i T PN A IR i - . . N N



‘}*‘,_facility. The graphics system, aréont

' ,.
/
/.

can actually ex ecute‘ more eff1c1ently in’ the batch mode.:“

/Z

(,But there are Seve§§1 limitations on offering both batch and_
1nteract1ve serv1ces. tThe main limitation is the lack of
fsuffic1ent main memory._fwThe on—iinej use;-segarates hist_:

~fdemands-for,processor'time by quite 1ong: 'think 'periodsf‘

-'_but the interactive program must be continually in the main

r .

.memory to service the asynchronous demands fog serVice. “An

‘amount of memory 'is therefore devoted to.the on—line,service

“and unavailable to vbatch fservice. : This memorybmust be

ed

eff1c1ently managed to be Justifiable. G H; Mealy _(lQGGﬁ

'1n hlS description of the IBM 8ystem/360 states-

"no Single con51deration is more compelling than

_ the need - .for- efficient utilization -of main
L storage - B e BT

'This thesis discusses the design of an evolv1ng spec1a1 S

Purpose monitor whlch provxdes an 1nteract1ve serv1ce for a
;}particular class of applications. The monitor exists 1n a .

f‘batch processing environment with a sparse resource... nmaini.i

-memory Te

L.4 The origin of the Inquiry Service Oriented Supervisor.

mhe services offerred by the Computing Centre at the*1

. University of Alberta includg an interactive graphics system ijr

‘Tand a fasu turnaround student orij:ted batch processing,;_i“

i

'defGraphical v Remote‘

1 Data COrporationf ?'

~~ o
,1gtetzctive Display (GRID) §Y3§Qm,ﬁ'



‘ essentially»TCOmprises ‘a cathode 1ray tube controlled by a
modified‘CDC-lGﬂA processor; The processor performs messaqe'

generation,.appicthre refreshing,, ana_ _‘some limited

calculations. lMOst japplicatlons,brequirei'that 'extensive ff“

‘Vicalchlations.'and .picthre definition g s'performed‘ b?"a
‘FORTRAN program owhfch resides i the main memory of ‘the
.central computer,'an IBM 360/67. The S/36ﬁ resTdent servxce
. routlnes transmlt the picture deflnitlons to the GRID system;A

"where the 160A actually controls the displaying of -the

vrequlred 1mages.' (ﬁig ‘1. l) B : . }' S

| The FORT&AN pro&rams- and graphics‘ control routines.>
regu1re approximately 118K bytes of high speed memoryt From |

__raﬁgi examination f of.; some . typ1cal applicatlon programs’:~

flfutilizing the GRID .system the* following characteristics7m
"emerged.’ Based on. the elapsed time of the termlnal session{*”

'f;_(a) the FORTRAN program was 1d1e for 97 1/2% of the time and

[ﬂg;active for 2% of the time, and (b) the control routines were'7i

w«”handling messages for about 1/2% of the time.; i

-*Barameter T T e "Qiﬁuean}'V"z std Dev; e
‘»7~Interarr1va1 time of requests ;'jﬂ' T f
5 to §/368 L o ,}~;~ul 10.5—“ L ~-vll.ﬂf
© Mesgsage Receive Time R 0.920 B Y T
- Service Time bf'FORTRAN T 8.2 8.8
" Message'. Transmit Time -*“‘: : ’“'¢~f~~ B 17 ,<.41QF534 o

‘fr;Table 1 l Usage Times of S/36B Routines for GRID Service
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These values “llustrate that from the point of View .of'-

efficient memory utilization the. 1nteractive' graphicsa '
',appllcation is very expensive. This’ example of a dedicated )

region 1s analogous to that of a dedlcated machine described

yby Thomas (}967) when ‘he., stated

bwith ; dedicated computer the ‘time between
actions is wasted and on a- large computer thlS is
-_:rather costly. e : : :

The - graphics applicat1on’ statisticsi show that 118k -

| bytes of high speed memory was idle for nearly 59 minutes'&'

"‘.during each hour of graphics serv1ce.

- The Student Oriented Batch Facility (SOBF)'Italso

}vrequlres ; llBK byté% of memory. This‘ fac11ity offersl
compile and go services such as- WATFOR, ALGOLW, assemblerf

'Tand some utility functions‘ to ‘enable students to solve,ir

A

o fcourse assxgnmentsa' The programs tend to have small elapsed,_;’

‘h"’ptimes in- core.f An examination of 46 WATFOR Jobs from the |

”i”197ﬂ Summer Session show that they have a mean elapsed timei"

’:Tseconds.;. Similarly 14 student assembly 1anguage programs;

“ffihad a mean - and.standard deviation of ﬂ 9 seconds and 0.4

‘ﬁt?“will complete in less than 8 1 seconds.. The SALT jobs willff.]”"

"filn core of 1 9 seconds with a standard dev1ation of 4 78:[7.'
'l,:,seconds respectively.: Assuming a normal distribution of job“,"}
z”fpfexecution times it can be expected that 90% of WATFOR jobsbfi,

T:if;reduce tthis'iexecution time._ Therefore it would not befh-<"

"f;§7unreasonab1e :tof“expect moreﬁ thani.90% of the p:og;am,,gf;f



B ,.l e R o
_ieXecuted}undet control of SOBF to have an elapsed.utime' in
core of lessethan 8 seconds._j .,'.'-':'.hf.'v' RS .

- For further study of the characteristlcs of 1nteract1ve ‘<g‘
V'applicatlons one may con51der the statistics collected by )

hBryan (1967) in his examination of the Rand Corporation s

o Johnniac Open Shop System (JOSS).di

'Mean . - 'Median
.g ‘ ‘(secs) (secs)
o : ; I SRR R
. (a) Task Turnaround 0 18 .o S aa
(b) Compute - = - sy T2 022
(¢) Output typing - A A s LA
{3) Think time . - 2493
V(el'_Interaction time ,{-~ T 34.».~"_."= 11

Table l 2 JOSS statistics

,From these values he produced the figure 1. 2._ - «.f fi}
ff,: f;Bryan calculated both mean and median N\a%ues because
-,they 'ase]'so different. - He states that we rarely see thetf‘
1,average case but we often see the typical or median user.

‘ "f Computed on the ba818 of the interaction cycgé time thei
'fﬂJOSS applications had a mean and medlan compute time of 6%;ff.\
5.,and ﬂ 2% and an ’idle‘ time of 71% and 85% respectively.' s
B hese statistics and the less extensive ones this author had,lf
fzifor graphics applications indicate that JOSS and graphics'-‘:

""Tjjobs have similar features‘ - o p i R |
V;jv The requests that usets make of the JOSS system.l”':'

.. .are, ysubstantially - "different- from  those made 0 - G

* ‘general purpose, on—line, time—shared gystem, ' Inj;j;i- L

- J088, " there -are .a:. relatively "large number of = .
" ‘requests. for short . amounts of computing and a v

'7?*Fre1ative1y gmall number of requests for a larqe:'fj%~¥::l
mount,of computing ABryan 1- 7). L L R
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" But this ,is_eeXactly the" case with " the graphiCS’a

viapplication on the Unlver51ty of Alberta GRID’ system. ‘With‘

these ]ob character1st1cs thlS author deflnes a class of»

-JObS called 'ﬁnqulry-programs o

o

=~

1.5 AnJIP and lnquiry‘defined. The Inquiry Service'orientedf

t

Superv1sor proposed.;_ ' ' | '}f{ yf : _’: ol

';pAn inquiry program, hereafter called an IP, is’ defined

°v}as a computer appllcatlon program whose requests for central

~processor_ t1me have the characterlstlcs of an - 1nau1ry.’ An

1:31nq01ry has ”tWo- essent1a1 characterlstlcs.' -F1rstly the

7*ambunt of processor t1me per request is small and secondly,
‘"zthé 1nterarr1val t1me of the serv1ce requests 1s large.‘..An

IP ’is; thereiore a/ computer ]ob w1th small, well spaced,

}requests for processor attention. IP s are very 1nefflc1ent

dnln their memory utilizatlon. ‘}The def1nit1on of an. IP~V

f\encompasses programs ;'such a 11brary lgan 'servxces,“_-
ﬂfftransportation reservation systems' and programs -servicing o
'requests from a -satellite computer to a. central comput1nqiﬁf

”f,facility. The GRID system represents' an- instance of the;‘dn»

1.1ast example. f:f

'4/ . -’

To possess real utility the services provided by an zIP7

'ff ust be offered for extended periods of each day.. However,:‘vo

‘Athe cost of memory to support such low utxlization functions

frequenle precludes their being offered._ For example,' the'*l‘fv"

..v..,



. competlng, demands for SOBF and GRID serv1ce resulted in the

G

14

" hours ‘each day, 1 To make 133 Sy such as GRID, _feasible this

: i\/'

0

- author des1gned the - Inquiry Serv1ce Oriented Superv1sor.:

(ISOS) ; This fan evolvrng spe01a1 puﬁpose submonltor,

as foreground applications while executing batch ]ObS in the'
Y ;

’

1nteract1ve serv1ces, and the execution characteristlcs of

,:background applicatlon. f’The essential ’operatlon of ISOS

, low utilizatlon graphics IP only be permitted ,for a»'few\'

.W1th capability of supporting a number of 1nqu1ry 'programsf'

;background. : Considering_.the »characteristics of . the GRID_f'

y1nteractions,-fthe general , response : time ‘ demands of -

'vthe SOBF programs a spec1f1c 1nstance of ISOS was configuredf-nw

y to support GRID as’ the only 1nqu1ry program and SOBF as' the

-.'compriseSf (a) initiate background appllcatlons until lan

vibfdescribe and evaluate ISOS 1n detail, particularly as it was -

,';1nquiry arrives (b) wait a period of. tdme to allow for the

'possible normal termination- of the background job, (e)

Yooty

:interrupt and save ;:h background ]Ob 1f necessary, (d)-d
xf'jbring the inquiry service routines 1nto memory (e)d serv1ce:

.cthe vinquiry (£) save the inguiry service routines (g).,.

yfrestore any 1nterrupted background jObS and (h) repe@t this“'

cycle. “Q“t1““°“51Y', Latef ’Chapters ﬂfg this thesis wii;;“"

»'designed to support GRID and SOBF. - e.;;~-,jy7jh;j,l‘jé‘g v
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Frequently computlng bureau pollcy requlres that hatCh

'proce551ng ut111z1ng a’ superv1sor suc\ as the IBM OS/36Q or S

CDC SCOPE system shall be the predomlnant mode of operatlon._

A :
'In such an env1ronment, any ,cn—line 1nteract1ve services

" must- be supported by submonitcrs, -,As'the University'of o

-Alberta'vwas predom;nantly a batch-*processing'gcchUtingi N

) serviced'the Inqu1ry Serv1ce ~ Orlented Subervisorv uas.
"designed;.d_I shall dlspense w1th an;'further dlscu531ons of
"hoverall'timefsharlng systems and concentrate nn exlstent-;‘
‘-,suhmonitcrsfi?‘Threé partlculzf- subsystems,i for serv1cing

thllnqulry proqrams, ip’° s, as deflned 1n Chapter sl;, will bej
t,descrlbed in thls chapter. | : |

- 2. 1 INQUIRY functlon on the IBM System/360 Model 2& 1:V,‘

| (Darga 197ﬂ) N B .

The 1BM System/360 Model 29 DlSC Programmlng System o

"(DPS) supports an INQUIRY functlon-as an option.' The option
designed to permit the 1nterruptlon of the currently
R A
"executlng program and the executlon of retrlevals ftom data ke

”ffiles.l. Such retrleVal requests have the characteristics of

S an inquiry. On the Model 2ﬂ, DPS prOV1des 'a single

”;'fjpartition'ﬁt environment that does tvf ﬁét:“i: suPPOrt

?fiSfir'ft :



_ e o |
'multi—programming and therefore woJld normallv require that

the current program ‘be aborted in order ,tbg service an

;1nqu1ry.;»-,;'roll 1n/roll —out - function which temporarily

‘hfrees the ‘main memory can ‘be an adequate alternatlve to thlS

restrrctlon.-g The pr1nc1ple of 1nterrupt10n and- swapplng 1n

thls case developed for a one oartltlon machlne also applles;
to a s1ngle partltlon or: reglon 1n a 1afger machlne whlch,,

: thOugh 1t multr-programs among the parédtlons does not do so "

' wlthrn them.‘ ‘~? - Af‘ﬂﬁ

l

The INQUIRY functlon was 1n1t1a11y de51gned as ' a method

ry

‘:urgent» 1nqu1r1es to the1r dlSC resrdent data flles w1thout

.'hav1ng to -cancel ‘the‘ currently executlng program. “As

16

. Qv.oﬁ‘permlttlng users of n IBM 36@/29 -computerf,t placerl

2 f1na11y lmplemented the DPS%'INQUIRY funct10n offersv thev

: pOSSIbllitY of startlng any ,pmogram, ‘ot. ]ust inquiry;-

e

" programs, wrthout requirlng that e' jOb currently Cin

l-exeCut10n~ be" aborted B The only lrmrtatron or requrrement

':tplaCEG on the 1nqu1ty program to be 1h1tlated is that it
Xz

f‘must have. been precompiled and stored 1n the core 1magefi-

'f,library whlch resides on auxillary storage, usually a dxsc7

'u*dev1ce. . TYplcally 1nqu1ries processed bY DPS in°“1fY.;

-'gfprograms request the display of one or. two records from an

:prOgram name are typed in by the Operator. The enterlng of;”t}

'*r;'indeXed seqUential data set.. The keYs to these records andj*:t

o program' name, file keys, and the output“of results may bed“'



overlapped w1th the maln -line executlon of the reqular batch

program. The actual CPU overhead for, swapplng, etc., ~to-

'initiate';an..IP in a 16K byte 36@/2@ computer is about one

‘second. ..

2.1; 1 Detalls of the INQUIRY function S

"The serv1ce dlsc1p11ne applled by DPS to 1nqu1r1es 1s a

'flrst—ln—flrstdOWt (FIFO) reglme. The operator m1ght modlfy'

thig’ externally by submlttlng Aathigher prlorlty 1nqu1ry

17

&:;,

before‘-he submlts . a  lower pri'rity dﬂe;- The operator"

-.submlts an 1nquiry by pre551ng the REQUEST key to 'cause ahy

”;nterrupt.,b The system v r fies that the malnane programz_

" " has _not'7pr0hib1ted 1hqu1r1es.' ‘If_ no restrlctlon 'for

: b

inquiries' exiSts the: system ISSUES a prlnter keyboard read o

A

_h1nstructlon and the operator types fin:‘the IP name., fThev

'status of the malniine program is‘ preserved the IP is-

¥

ertched from the core 1mage library and the 1nau1ry recelves ,"

‘1ts needed serv1ce. After the 1nqu1ry has -been completedh

- the malnline program 1s retrleved and 1ts execut1on resumes._

.'fi.When. programs 'are' executed *‘a~ computer the 1n1tiatorx‘
';;froutlnes allocate the phy51cal resources requlred by the,
fvprogram. In the DPS :7 INQUIRY functlon the foveralli

,operating System, DPS, is. not 1nvolved 1n the -swapping and.'

*1n1tiation of theg;P s.‘ Therefore DPS cannot allocate ‘the ..

| 5Iphysical resources needed by the IP at the vtlme »it ié’



| "l'1n1t1ated. ‘The INQUIRY .fua‘ctioa also :.‘f'c'anno'e. 'alloc_‘ate\
| Vresources that DPS did’ not allocate to ét _when "t lw_as ‘
v 1n1t1ated . To get around this problem all the resources
requ1red by permltted IP s must be allocated to the INOUIRY
functlon submon1tor~ - Such allocatlons could be made when

the INQUIRY functlon 1s 1n1t1ated or by any DPS -controlled

~ U
program that executes prev1ously to the f1rst IP._ For

B example, 1f a partlcular data set, on d1sc, w1ll be requ1red

. and the allocatlon remalns effectlve.

'by an IP, a batchyrun, DPS"contr led 1ob may be - executed
’The_ batch ]Ob Q111 def1ne thebdata set in 1ts job control
‘Lstatements and- the DPS 1n1t1ator wlll allocate<bititto that
. job;:. ThlS- ]ob is then suspended to serv1ce the 1nqurr1es
Ser1a11y resuable-'resources,i sUch.“ as data ,7fii§st;
=lcontrol program routlnes, 1nput/output dev1ces,'etc : pose a
| problem.:t-A' serlous ’conflict mlght result frdm an 1nquiry :
xattem 1ng to»USe a. resource, such as a printer,& currently du'
allocated to. the maln 11ne proqram. Cons1der.-another‘
‘example.{h The marn llne prqgram attempt1ng to update a f11e
df.retrleves a record from a data set but ;anm 1nqu1ry arr1ves'
:.before -the updated record can be replaced he~IPYUpdatesrpp'
T;the same record.f Thls update 1s destroyed when;;the'fmain .
lafyline program resumes operatlon and completes lts‘updaﬁeg.ﬁ
";function._ T prevent this thb monltor‘ ‘routines 'and=5someh'

” <system dat? file operations are, not 1nterruptab1e by IP s.»'d

A FEE R \, .
: '--, .. PR A e . ",'. L ' Lo L . ’
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l

{§llow1ng it to access the particul flle;.-

. /.

Other . system files and user files have a control parameter

.‘-19‘.

which causes: the 1P to abort if a conflict would result from_f

-

rﬁhdistinguish it from the larger mddels inv'the 860 series.

"4

y

;¢<The3e features .include (a) no - superv1sor/prob1em state

2“ ;u 5 . .
“*differentiation and hence no superv1sor call option (b) no .

) hardware protectlon feature, (c)»no wait state, (d). machine

and ‘program checks stop thef'machineffand,(e) né channel-

The IBM System 1368/20  has. several““features ‘which

address “word .fo input/output *operations. CTo_ 'allown_

multiprogramming requires that the operating system schedule‘ -

£

.all. requests 1fh the use of phy31cal dev1ces and that one-’

'iﬁprogram be prevented from degtroying a-. co—re51dent program. '

To achieve the f1rst~ requirement will require that all- .

e

problem programs request that the Operating system schedule'i

their requests. Such requests are made by supervisor calls.

;j_To prevent 1nter program destruction requires a protection;

"‘scheme. As a minimum all store 1nstructions must be checkedv_:?

'7area.;' Due to the large number of chec‘.rf’quired this must"

Q)

| be done by hardware as the overhead £rom software checking

to guarantee that they Are directed to the users ‘own’ memory” -

o
W -
I

--would be“prohibitive. As neither of these reguirements wasﬂ_;

“-‘

Therefore, only a single program resides in memory atugl;=

'7?met’by the‘ 360/20 the disc programming system DPS wasp;j; a
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}.,'

. E i

1 o e . ;

N ' . » . ‘
<

.onei"time.‘j The different segments of DPS which, at a’ given‘}-’

1nstant, re31de in core constitute the monitor. Thé mon1tor'g>

_ 9, o
Mroutines (a) fetch load modules from the'corevimage.library,

a_ data .set. containing program segments .with ] assigned"

-;absolutel a:jgesses, (b) perform initiatlon/termlnationrv

'.procedures (
\yv

startwor queue anut and output requests and

Co(da)y handle 1nte%rupts. - DPS ,is considered to “be: batch'kg

¥

oriented because any memory not utilized by the monitor is

used by an application program with which the user does not-f

B converse.. They monitor size‘ i;e.'sothe area devoted to'{

.

u._re31dent control program routines,. is usually about 41600

"ibytes with an additional 308 for the INQUIRY function. -This.

-

E .‘small addition results from specifying the roll 1n/roll-out»

- firoutlnes as transient,' that is, they are loaded into main o

ii'memory only when needed and erased when they have served,;

i:their purpose. ngﬂ'-‘ _5fi-'_3“'"¢}”l

.,v'

2 2 An inquiry service implementation on a CDC-3208

(Harrop,197ﬂ)

-=”A the o Defencé Reseach o Telecommunications;‘

il

llfsstablishment,v-DRTE, in Ottawa a T?ed arose for usage of a ]

"fControl Data Corporation | 3256 computer 695; remote'ff'

“ff?applications. When operating under the control of the Mass} o
'€'Storage 'Operatinq System the CDC 3250”idoes not suoportafﬁ

~‘ffﬁwﬁremotd service requests&::An' alternative operating 3Y§tem7.ﬁ



ey

o

’_and a roLl—in/roll—out procedure were developed to fulfill B

l—r

, the requirements. ."

\

"c0mputers and the” CDC 32ﬂﬂ for their data analysis. ‘The

. PDP-9 was used for 1nit1a1 data manipulation while, the CDC'

‘ . ‘: / . . o
At the DRTE two groups of SCientists utilized PDP-9

_fmachine was used to complete the detailed analysxs ‘Oné_v .

fgroup of scientists, carrying t».ionospheric. studies,

| punched intermediate results _onto cards which were then :

ijinput “to the. large machine A direct 1ink to the‘3200 was

- ;deSired : The second group s aim was to develop a graphics

system - and thls demanded a direct PDP-CDC connection._SThe R

’fmethod decided upon to connect the PDP s to the CDC was to
A’make _each one look like a piece Iof equipment on the
: Q.

1?>CDC~320¢ s’fourth data channel. As this 'channel can only

_nsupport eight devices the final implementation permitted up

'.fto eight remote users i e., B,PDPeQ;s.toanin,access;to,»the‘u:

Bach user could execute precompiled stored programs "

_,zwithout forcing the cancellatibn of the currently executing :

' 'i‘programs have all memory addresses R

, ‘

ftiassigned and are atored in a.library as core images.;_'The'-

Aﬂipreco piling of the service program reduces the complexity

f;of servicin‘f

“a;remote regueat depends on_the_user

fﬂelapsed time o»service

&

'he requast and hence the response time. _fihéij:f‘“



RO

;time'isdin=the‘order of " ten seconds of which about;'siQi :

‘.5seconds : arera consumed by system overhead\ tasks. - 'The

o2

'1onospher1c group issues requests ‘over a period of an hourf

}

‘ory two w1th .an‘ 1nterarr1val time for those requests of'

approximately a minute.~ Thls -leVel of activity did

‘appear ‘to} seriously degrade the usual system performance.

f.The 1nput/output for the IP's was restricted to a - dedicatedj,”

,disc storage area org to the PDP-9 s.‘ Therefore the hight

r‘speed printers were not directly available.;fThe severity of ..

'1dth1s restriction was reduced by making thef output to the o

~disc available to subsequent batch Jobs which could process“-

.the results further or print them for the user. e;..f

1112 2 1 Details Of thé ng-320ﬂ/PDP~9 SYStem AR

Each of the eight remote users was assigned one of the_f

'”'eight available equipment interrupt codes on channel fourr[7_'

5'The equipment codés on a channel are normally’used to signal-f:“

'ato the central computer that the sending device has finishedg?di

4frjservicing a request or may be used to; signal a device'f_,f

'vffmalfunction. At the DRTE these Iines were used to indicate_¥5i'

ffgthat the particular PDP-9 wanted”'erviee. For a’ remote useryflii

‘f}fto gain‘fccess to'dhe CDC—BZBE heusen*jan int rrupt down hisiﬁfvs




o

'eThe submonitor, called the Roll In Operating System, (RIOS);

23

‘:fdetermlned Which 11ne caused the 1nterrupt 'and loaded 'the ’

.user application programs, ie.

N

1P’ s._'

i

N

~';appropriate ierror routines which were, 1n fact the stored

L When a reguest from a remote application arrived it was;-

1n1t1ated on a priority ba51s. ThlS prlority resulted from’.

'”the?_inherent priority of the equipment codes. Upon arrivald

ofwas reloaded and execution, resumed. ~"-f},f1]f"i \
e The cnc-3260 had one of its four channels free tos_f‘°

; serice input from‘thé PDP-9 computers which acted as remoteci

the request was held until a11 main program 1nput/outputqf

'3act1vities except tape rewinds ceased The service for the;i.-
rrﬂinqulry or remote reauest then procébded Other inquiries'ifi
may not 1nterrupt inquiry programs currently executing.m;di_

[fWhen the remote user was serviced the interrupted program“

-_:units., A communication link and the necessary 1nterfacesﬁ‘,’f

TR

liﬁwere specially constructed. The PDP-9 computers each had BKZI“ 3
}'wonds of memory wh‘-i"e the" :coc-aza“' had 3zx words. The 3zsaz
ffiwas,“cdntrolled by theiﬂuas‘ Storagef peratng ystem whilejf:ffﬂ
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¥ 2.3 LACONIQ.- Laboratory computer on line inqu1ry monitor ;

(Briges 1967) | A B o
The LACONIQ monitor was developed at the Lockheed Palo o
Alto Research Laboratory as a submonitor to allow several
’ih userS-_tQ. time share a small computer ,forff,lnformation:fs
”-retrievaI | work. . Af; test ver81on_ not supporting any-.
background processing was 1mplemented on- an IBM System 3601_"‘
Model 3ﬂ running under the Ba51c Operating System (BOS).'
'.Initial results were satisfactory enough to permit anﬂv‘f
‘xpan51on of the number of terminals to_ be'.considered *for>i_.-
7thef future.,' As for gthel previous two systems a roll in:
procedune was used “to iload prestored, Tready to %execute.;' .
application programs,i.IP s, ,aéujA; result of a terminal;vil
vuirequest . 't: E ;' B | ,4V - | “ _,5‘:' .
o : : [T R Al
£ LACONIQ was designed it permit thv ‘ apparently:is:'
simultaneous use: of .a small computer by several programmers.fnih
The projected applications included infOrmation processing;if‘
tasks such as document retrieval, update,3 deletion. andfjhv‘

creation. Unf°ft“"ately the files had‘no'standard format so”ngi




-

ninquir1es dlrected to a 1arge data flle.’ Eariy abplications

*51ncluded text ed1ting of enqlneering ' draw1ngs,.l filed

25

:‘searchxng, 'and the proce551ng of m15511e component failure'

‘data.-' . P R
| R T “ o
' :2 3 1 Detalls of the LACONIQ monltor ‘

To reduce overhead the LACONIQ dlspatcher- foutine; is_f.'-
y{feve“t driven’ rather than clock driven.J In ‘a clock driven?
:'fscheme the central processor ’iShL‘shared amongst the

' applications on a predetermined ba31s., Bach application'rgrt

"vrecelves up to one time quantum of serv1ce then returns to-

”i th queue ‘to await its next share of the resources.‘ Most\

‘cftime-shared systems are clock driven. '15, an event drlven_

?rfregime an application program recelves service unt11 it has‘i,f,

*lVfulfilled its current contxnuous requirement.4 The basicir;f

'*ftiming therefore becomes a functlon of the completion of a 3P"

f:f'quantum of WOrklrather than a quantum of time.. To guaranteeVg:‘f
. s e i ' P e LACONIQF

‘.n:the amount of”;,ff




5

-

'_dispatchable._ Secondly,~ because each segment"‘ receives;,
'service to completion it ,need not be stored on aux111ary“
‘storage when 1t loses controI of the processor.' Therefore't |

athe monitor need only load hew work i.e. roll 1n but never_f

1
‘_roil-out The LACONIQ text ver31on on the IBM ‘360/30_ has

fijsystem overhead of less than 25%.

Brldqes (1967) states-" SRR ,f'r é -

'7.‘LACONIQ is programmable on’ any 'small computer
‘that -has: moderate capabilities for- programmed and -

©1/0 " “interrupts,  storage . protection,oa ‘base
'registers, at- least one storage dlSC, etc.; such--
as an IBM 366 . N 4 R

}fuThe 36ﬁ/30 for the test version had 32K bytes of memory, t"°}f‘

)6

»-j,f .‘.i  o l”;“ i B ' _‘h;  :2:_fs;_f ,i”i '_{» ;;>‘ ( dn

‘feIBM 2311 disc drives, a data cell and a\tape unit._v Because..

o

. “the dispatcher was event driven the terminals could not_“”‘

N]‘expect to send data to the cocguter at random times but

”t;could only do so when polled by the. computer.\ The terminalsf

'j,must therefore have local buffers to- store input generatedfa“

~,

v;‘by the user between each polling action.;gThe test version{l'-e

Ffiisupported IBM 2260 and Sanders 72B cathode ray-gtqbe“fjf

‘a;jconsoles.uf
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users'~the program ‘segmentation procedures of LACONIQ'{

guaranteed better response time. Once fan ‘inquiry 'was

‘iinitiated on the 360/2@ Inqu1ry function or the CDC 3200 it.’

might conceivably execute fon minutes and effectively lock

pout all other 1nqu1r1es. The LACONIQ deaigners attempted to"'

prov1de two-second response txmes whereas the other systems"

L3

'-were de51gned to. reduce response time from hours or even*

}days to minutes.-

The overheads each system generated as they servicedf’”

*,the 1nqu1r1es exh1b1ted quite a range of values. The 360/2ﬂ..

'*Inquiry had almost no serious overhead, LACONIQ had an:

"overhead of 25% and the CDC—32G6 system had a GB% overhead ;1f

RS

fithere was only one user and the real overhead could beﬂ..,-f

.;jThe low value for the 360/20 accrues from the fact thatjfi¢

.ltoverlapped wﬂth the execution of a batch program.,.TﬁQ‘ij;'

'*fLACONIQ-CDC differences p0331b1y reflect different designf”

Epgmethods LACONIQ supported - 3 CRT terminals and the CDCedffiv

7f:supported only 2 PDP-S s but could expand to 8. ,Qihew;pijj

fégincrease in overheadf with capability may not be a directfj

»f;cause and effect;relatipnship but certainly seems to be;*;heﬂ“i

;:;trend ini modern systems.»= Rosin (1967) has noted thisfiﬁhf

af%relationship when:h

there has beenea e dencym ‘;the past few yearsfff:‘

'to ‘implement . systemsﬁwhich,are ‘80’ elaborate that;;gf%fj)df

-the ‘amount. of ‘computer time used. for

vroblems or:  processing. commercial'fdatapiC"ffi;ﬂi;ff**"*”

.. /matched or’ 'xceeded b 'the*amountrofftim
bY ~the supervisor




A limitation of all. the _systems }waS]‘the requirement-

28 -

Athat all user programs be prestored in core image form.v'

fThis requ1rement demands that the proqrams be deve10ped at-

V-some vother ‘time and can not be. modifled or developed u51ng

/

Jone of these systems. However this’ aqthor sees no’ reason

;‘why these systems could not be modifled\to allo 2

. USerl fOf Program development functions. Q All that is

"them to,be'd

f;required is~ that the serv1ce routine be - compiler and thefo-

i 1nput data be a source program.' To guarantee response time,

v 5particularly on a LACONIQ type system dne would want to;

.; restrict the 51ze of the prOgram to be compiled

N ,
From the three systems this author particularly studied~

”fand utilized the follow1ng 1deas. the problem of resource

\

3fallocation and memory protectloniy‘ the 36%/2ﬂ INQUIR!-;

fi_function, the swapping techniques of the CDC—PDP e, plus':'

”the detailed state indicators, the event driver schedule ando

’tfthéfl problem | state operation of the LACONIQ monitor;’

113Hopefu11y some of the errors and some' of the enlightment Vi

E_fprovided by these de91gners helped improve ISOS-‘ V:~D‘



nj;scheme.v As Needham and Hartley (1969) stated-

CHAPTER 3

© 180S DESIGN

. ThlS chapter w111 contaxn av'theoretlcal overview of
ﬁoperatlng systems and a detalled descrlptzon of the author ‘s

_system, the Ingulry Serv1ce 0r1ented Superv1sor (ISOS).

,3 1 Operating system structure ,__"‘#X\‘ ‘_7_‘
. When the de51gn of ISOStwas begun the app;bach" tended SN

be 1comp1etely heurlstlc. Certaln rnmediaté"goals:werét’

:-known and thelr achlevement was couched in assembly language, =

.codlng._; hls'f approach conta1ned, ' hopefully,_ﬂ. much1pr,y

_fpractlcallty but 1t lacked the solid theoretical foundation'

”'iregulred to weld the ind1v1dua1/ segments into.:a »coherentf'

-.»’\

: l{n qe51gning an operating system oneh needs o
- theoretical ‘'insight and horse sense.. Without /the -
" former. one ‘designs an’ ad hqc. mess; without*»the ‘
..~ latter one designs -an” -elephant” in best arrara -
"f:yfmarble (whlte, perfect and 1mmob11e) S :

;m B

ijs I acquired a greater understanding of my problem the;V. :

'”fiedevelopment of the theoretical structure became paramount.,; o

Development 0f the theory included decisions on’ queuef»]"i

'”"W?structures, service dxscipline,iinterrupt structure and evenj~ -

'*igjffsuch matters ae control card wormats. A puteIY ptaCticalfft'h

fto solve,. these samegf‘ff
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e

'very fabrlc of the system and would ‘most llkely lead .to.

dupllcatlon A better approach recognlzes the problems in,

, advance and also acknowledges that they may - change in the |

.future. Th de31gn need not attempt to solve d1rect1y all»"'
‘.antlcipated requlrements but_g must ' fac111tate - easy_‘.

s mod1f1catlonl in;'responSe to a chanqe 1n the requ1rements.

QBy u51ng a modular approach sectlons of the system de51qned l;

to solve spec1f1c tasks are clearly dellneated Each‘module o

\

"isg self contalned, accepts certaln forms‘ of input{and

" T

qprov1des a result Modules may request servxces from other.

: modules.‘s Such a . structure reduces redundant codlng and a.v'

glven module can be modxfled w1thout affect1ng the ~rest 'of '

the ~system, When considering overall de31gn one must nota‘lf'"

ignore detail eit her -~

}f of operating system design is
gion to detail. It could almost.be -
a system is wrong in detail is  a
-ism than to say it is wrong in

. that 'what - .distinguishes .good & =~
s from bad ones’ is- correct attention -/
combined with . a .sound underlyingf"~
eedham & Hartley, 1969). ,~» -

' m'.

function,

became B



\

Earl and Bugely (1969) and WOOd (196!) have “published

papers treat&ng operating system structure. Earlrand Bu@ely’

.‘con51der the operatlng system on two levels; as a concept
\ .

(level one) and as an 1nstance of that concept (level two)

3 1. l Operating Systems at Level One ~-‘_:‘

As a concept, or at level one, an operating system ‘is_"-

fthat ‘which offers the serv1ces to the end user.' At levelh_li

one'-'an : operating system s' yg:onside-red -forvr' itsfi

/;"/ e

1nterrelationships w1th other,/COmponents of the computing

g I

ﬁvprocess rather than w1th spe01fic functlons ory de31gn'
';-philosophy. As a concept the operating system exists as the;
g interfaCe between the programmer and thp hardware (Fig 3 1).__7"

'.'In reality what many people cons1der to be. the computer ‘is?tv'

y;in fact the operating system.; At such a level the operating B

g system comprises assemblers, compilers, utility routines andii‘

ua11 those ‘routines required to produce the env1ronment;’t

. F N . :
>W1th1n : hich = programs execute.s, Programs comprisej

'5‘col1ections of computer instructions which perform logicallyf”

s>complete functions.n; Proqrams can neither communicate*h_‘t’

fldireCtly nor can they invoke one and other.

The operating system divides a program into tasks, addsl't;f,p.

el : .

xﬁltasks‘offits own to provide the usér requested service and,]c

ffappliesi this assemblag':of tasks to the hardware.' From thesgff”»

e -
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'presents the user -with“an’ impressiqn andiconcept.of the -
,lservice,and the computer.l This leyel onei cOnceptualization
conStitutes theimain focus.of‘Earl andlBugely;' Wodd extends‘
the level one conceptualization from the operating system s |
relationships w1th the rest of the system -to _1nclude the, '
fi‘operating system S - 1nterna1 1nterre1ationsh1ps.' WOOd’(1967)f

'.1dent1£ies the - superv1sor as-othe; maJor component of thef
operating'system.. He»states-‘ ‘The superv1sor exists forh
"-one_ purpose only, to prov1de serv1ce to entities known as

programs . But this is what the opetating system does forio

users. mhe superv1sor\\1s thatﬂ sedment of the’ operating_g'

L

' system which assembled the tasks, requested compilers,' etc.

*

. as described above, truly the supervisor‘:4 the heart of thel

'ixk/%ajor components~‘

(a):“interrupt processor, “-(b)_f.‘

\?'operating SYstem. fNWoo'
A‘w1thin~ the supervisor;"
~A1nput/output processor, (c) timer administrator, (d) storage 3
vfadministrator, (e) facilities adminissrator and (f) programﬁ,:7'
.],administrator. , Figure 3 2 illustrates’ the: ,supervisorvkpt
'-ﬁoperating | system , relationships ;f§Anaﬁ' thefﬁ internal
.;Ncomponent-component relationships within the.superv&sor. -

R The interrupt processor must recoqnize and respond‘ toei
,f"all interrupts.u As mentioned in chapter two the interruptsfft”’
'i7that OCcur as a result of processor sharing can be generatedipr:

as a function of the éxpiration of a quantum of time or work

' ‘?Ee., time driven or event driven schemes. iIn ei .er case,,j,s
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'1nterrupts ‘are generated and both schemes can be. classed as :iﬂr'

interrupt driven Operations.r The recognition aEd processingnfv

of these interrupts is central to the total ope ation. v

The input/output processor enables the Operating system'

'_to communicate with hardware dev1ces such as, printers, disk:

_;storage, etc. This processor must coordinate I/O reguests.[l”

Status information regarding ‘the SUCceSS or failure of ah--_“

’r/o request 1s processed by this module.j Retrying of failed.:'-"'

.requests,' parity checking,' and error correction are a117.5

”~hand1ed in this segment

The time administrator generates 1nterrupts to activate'

‘Niasynchronous tasks within the operating system or prooessing' S

‘ unitsn Asynchropous tasks are tasks having 1itt1e or no"‘th

:cifixed order of execution with _respect to one and other; j;:,c

ﬁfwithin the operating system an asynchronous task might be
E

:»request to the input/output processor to supply the next*’"'

o

p;card image from the‘input stream to tm,

ffgeneration of a twiti,

fexecuting program.‘t,i‘r
an asynchronous event'there might be thef‘“"k

a“t’lgball on ‘a- communicationsjgifff

f:hterminal to indicatefthat ;he cPuﬁiswcurrently servicing theaf:ff.

requesti?from:tha

’:flast
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makes a ‘storage administrator necessary.'- Thez7_storagef

”'administrator as31gns execution storage (main memory) and

extended storage (on peripheral dev1ces such as disk or” i

'drum) o’ the programs _as needed Tables showing which |

E programs Aor program \segments occupy what storage fﬂare‘

r

'~ffmaintained 'as part of this fstorage management.A Besidesﬂlcr‘

’;storage Space a program will require access to data sets,hir”*

”i;teleproce531nq ports, etc.~ The; facxlities administrator‘."

-“ihandles these requirements.A Insah ‘IBMA 08/360 .system the'

"~fac111ty administration is largely carried out by thef:"'

5{Fallocation/deallocation routines in the initiator/terminatorii

-”segment of the operating SYstem.ffg«AV

The final segment of the sﬁpefvisor;; the proqramlg*‘9

ffadministrator controls the transition of the operating”;-l

.]fsystem between various system states and controls program "f_il

' »]Ptiority.H The available system states are superv1sor State:i”,d.

,jjprogramﬁ:state and wait state. In' supervisor state all%;;“'

iﬂfinterrﬁpts are servicpd and input/output is 1nitiated.,_,nnv~‘jf

;ﬂfintertupt 'for» the supervisor Might result‘from a programf




‘-system ekiSts in program state. Program state starts when-'

_the program administrator directs the processor fto.‘se ct

-iva next instruction from the program area and it ends whenp‘

the operating system reverts to s pervxsor state due to a
F

'S“per1S°f call bY the program ‘or the occurx/nce of. an_;s_»

interrupt. An 1nterrupt might be caused by the expiry of a-“‘

timei quantum,j the, completion- of write operation, thef

'receipt of an inquiry from a teleprocessing terminal, etc.';"

| When there are no’ outstanding requests to’ the superv1sor and‘;e:df*
no program requires service then the operatinq system entersr;_‘;:

the wait state.f An interrupt will occur at a- future timevf SR,

. causing a transition from wait state to supervisor state;pi‘ff;

‘-t

This then is the supervisor and its functions within the;:\”d'

operating system.v The clear delineation of these operatingfpj_fff

| sysbem functions \and components makes system design less;rfsf

ambiguous. Wood concludes his paper by stating-,a,

e As systems become increasinle complex, it 13'
,jincreasingly importan_
"‘“functions that comprise ‘the' SYSte.,- ey

to be able to isolatevtherlp:;r._,,
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‘-cand the de51gn ph1losophy as it treats top1cs such as queue-:h'v

,structure, serv1ce dlsc1p11ne,‘ 1nterrupt processing, -etc,

K Desplte the fact that neither Earl and Bugely nor WOod delve Lj’ﬂ‘

o deeply 1nto level two thls author feels that whlle level onei.{"’

: 1s vital to a- sound system de51gn the general usefulness and ;"

':”acceptance of the system will depend on level two efforts ';_

.yUThe user’ expects two th1ngs from a system (a) 1t works andy:-”'

fs(b) 1t does what he wants._ Level one concepts largely quide}tflV

-ffitem .( ) but 1evel two assures 1tem (b) Level two can in'\;'fh

'some ways be equated to Needham and Hartley s horse sense ;”jfvul

E? example,_sa beautlfully implemented dedlcated Algolyhfy~‘

afcomputer would likely delight a European user b“t leave ma“Y‘;v..

‘f,North American programmers rather unimpressed Only commonft' o

I

A“sense and not »theory 0%816 predict such attltude.fff;afA

EZTherefore service selection must correspond t° current andfij»

.ﬂ;predicted requests. The queue structure f[and servicef}73fﬂ

L‘

-po-‘time sl1cing,

fjdiscipline must be designed_todgive equitable service butfeflf]

wnl_.;. e



PSJF discriminates heavily against long serVice fedueeés;-
-:The' deSign f the varioua queulng disciplines w111 be a:

level one’ task but the decision as to which to select will'"-

be a level two dec1sion. Common sense and judgement must beﬂl“

used to decide on what level of service to offer each class{]=‘

o
of request.v

In concluding the definition of the Ewo~ Ievels:“of :,]

operating system, I define level one as - the functionalf.ﬁ»7

;;@;d/;ign of an operatlnq system,' i e.,;“h purpose of 1ts7,f.-

cgnstituent parts and thelr interactions, and level two as ,"“>

'*]3ho level is, implemented in a given situation. i
Alternative1y~1evels one and two can be summarized as - what,;

the system does in general and how its done in a particularijA“]




’nf*;submitted and reSults are returned.,

¥

'_'w111 be either awaiting service or - fauaiting “further hinput"f

40

"from -the inquirer. ISOS only has one. background batch job i

"]under 1ts control at any given time., Such a backgroundf,n

i "
A_program w111 only receive serv1ce when no IP requires the

"*_fhost computer operating system until ISOS cowpletes they.:

ﬁ'-hcpu,' Second and subsequent batch jobs iar queued by ‘the

,;serv1ce requests of the current background job.,hftThee_

‘Es«background ]obs are’ batch jObS submitted by the usual batch v

1nput dev1ces such as card readers and the output is~on the:'

S has' no’ »interaction with the program between the time 1t is*fﬁ;
: B R ' . j." i kit

An IP is established by a batch ]ob as jUst?'describedin

\.

:inquiriesA and

3 The IP uSually services a number ofa

b‘}i'usual batch output devices such as a’ line printer.f The userfi57

: d:v?but once 1t has been initiated the programmer interacts with»fhj
:Tf11it by providing further inputs,» inquiries, and receivesfgﬁ

*7{fﬂoutput on’ a conversational time-scale. as discussed in an}”7,

o minated | inguirer uses an o
receive thef_-

©OIBMC



"ffffcomputers with ‘the same?53h08t i operating

o

' From a global Poxnt of v1ew there 1s a' three'“leveledl

‘:h1erarchy. .'At_ethe' lowest level is an 1P or backgrounds

"lprpgram.A At the m1ddle level one flnds ISOS wh1ch controlsv-

-Vand serv1¢es the programs at the 1owest level but whlch.‘

_ 1tself is only one’ of many programs under the dlrect1on of. K

']the highest level,igbh host computer =operating system.u

‘“‘Dlagrammatlcally thls 1s 'xllustrated n flgute 3 3 Byf'.‘

dde51gn1ng ISOS as‘ a program to the host system 1t is.

’)sometlmes referred to as a problem state superv1sor. 1_As '

.'f’such itj superv1ses other actlons and’/herefore has ity own’~.it

'iVmsuperv1sor, problem and wait states but when }ittfis"in:~"hh

';.fscommand of the cpu or has passed command of the cpu to one,rf‘

-fsof its programs then the host operating system is 1n problemhfﬁf .

Rfimproved by using host facilitles where poss;ble,‘,theﬁfi'"

f~"\ <

\*L_the very troublesome details are handled by the host

:ﬂfstate._ By designlng the system.this way the reliab1lity is"'
'Vﬁbprlnciples- of system design are more easaly appreciated as“[’f?q

5“hhgth1rd1y the system is more or less portable between a11f55~ﬁf

system. f;ih.*ifif



'-.'.,42 :

o :SYSIEM 3"_

.:}~“,u - L
- INCLUDING - .

G . . L .

I o
N

‘f;f;fffSO§ gf5jf§;,4'~‘ =




to~invoke to. fhifil ’Service ‘reqhests.j5 iSOS ‘has similar

’;classes of resources and responsxbllltles.‘ Essentlally once

43

‘t'ISOS has been 1n1t1ated w1th1n the host machlne a sectlon ofe,

“the host is dedlcated to ISOS e.g. _some executxon memory is
'reserved exclus1ve1y for‘ISOS. Other sectlons of the host

‘1are made avallable on a share basrs e. g..-a shared data rset'

"requlred »to: satisfy the demands made uponu 1t by its

"';or._ : ut111ty routlne.' ISOS can ut111ze these resources as';

= programs._ A conceptual dlfference‘ between a host and afh

| ‘j_problem state submonltor is that%to the host there are only_-.

) dtwo executlon states, host state and problem state wh11e to

: a; submonrtor there are three executlon states, namely host,"

.
RS

severe and aéﬂubmonltor desrgner can ]USt consider actlons

"submonitor and program states.. ThlS dlfference ‘1s nJ?\g'-

o by the host to be the result _of super‘f instructions :

5.1Lavailab1e to the submonltor._mf"

-'3 z 1 Lével 1 Details of rsos Structute

ISOS comprises a master and two or more slave:f""'

IQH?‘Submonitors., There is a slave sukmonitor for the backgr;jf'"V
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i

‘.preempt the cpu from the master -or batch submonltors. v ThlS

- is necessary to permlt the IP. slave to br1ef1y analyse the

a5

1nquiry and notlfy the master that the IP needs _ setvice o

1

’an 1nquiry.-} S sﬂ°‘

WOod (1967)5;,;“

“«,{-b", o

'_1nterrupt = processor,« program'_ administrator, storage L

'ladmlnlstrator, tlmer admlnlstrator, fac111ty admlnlstrator'

and I/O processor as the six major modules of the supervisor

'
.

as-”dischssed};earlier}. descrlbed the.

B wh1ch itself iS‘ the ‘key module of the operatlng system.[”

LISOS has explzcit coded segments for each of these modules. .

hThe program 115t1ngs for ISOS (Appendzx A) have been, 7‘
. ‘labelled to. ~1ndicate the maJor module that the part1cu1ar _5b

"jcode 1mp1ements.

‘ In ISOS the 1nterrupt processor module is sp11t between?'

llthe master and IP slave submonitors. There are three5 major"

urces 'of interrupts withln ISbS that must be processed by -

AR : K3

:?the 1nterrupt processor i the master (a) an 1P °‘ ip*:flﬁ

:5lfsubmonitor changes state, (b) the batch program or- its

‘7ffffsobmonitor changes state and (d) the ~host system -supplies




"“focode- that waits on “a;

2
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. batch related 1nterrupts,"either"the batch'eprogram has"’

~norma11y completed or the batch program and batch submonltor

_have abnormally completed., The th1rd -source'vof' 1nterruptt '

.'occurs when a batch program has ended and the batch"

1ksubmon1tor has ‘become idle. 5 If there"are_vno pendingu

":1nqu1r1es 1nput from the host 1s requested by ISOS 1ssu1ng a-.

"READ request.~ ‘Wh the READ *is‘ complete the 1nterrupt‘f_:

'processor recelves an 1nterruot fromAthe host.l In,'allf the'

% .

i,above cases the 1nterrupt handler must analyse the 1nterrupt'

(,belongs.' Note that for each class of IP there are, 4 types :

‘-_of vlnterrupts. ‘Therefore 1f ISOS were confrgured for three;‘“

'sources of 1nterrupts. After identifyrng the source of thef.f:;x

interrupt the interrupt processor passes contagl to the_;.‘:

.

vf:ﬁappropriate' program adm

"‘event.,_j'g

o classes of 1nqu1ry programs there would be. 15 dlfferent‘

“n,to decrde to whlch of the 7 types of 1nterrupts the new one[

1strator sectLon to service the"‘“

Hithin the IP submoni or there is interrupt processorvl."

f single _event - the arrival of an];

= gff;inguirf"'iWhen;an'inguiry arrives this mod%le with A riority?fdl.i
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requests. , In ’ISOS this. is accomplished as the - sole

' responsibility of the host. The only concern of ISOS w1th

47

"I/O 1s the verification that nothing is outstanding before a

‘memory swap occurs and spooling IP input 1f a common reader_;~

is USed by the. master and slave submonitors. By letting the o

host manage almost everything relating to I/O proce551ng the o

'reliability of ISOS iS' 1ncreased while the. complexity is'

‘Jreduced., - "f . ‘j.'f R ,." ‘ T

o The timer administrator of ISOS is located partially in

‘the'batch slave-»sumenitor» and partially in the batch,f

vinterrupt effector module of the master, This is thertimer

-’

-routine mentioned earliero The 1ength of the time ‘siice,

o TS,a is set within the time-slices. The batch 1nterrupt

“geffector dictates whether or not the time slice routine of/

the batch s;ave subroutine can a551gn another timeﬂslice.;i B

The size of TS will be discussed when 1508 °at',level 2 is'

T B

| discusaed later in this chapter. | 'Q' q;__r' , ;5f

.

oThe program storage . administrator | manages both,..

o

G execution memory an@ auxiliary storage : allocation.‘

"YBxecution memory can only be assigned to one submonitor at ad-

»itine so programs of other submonitors must be removed and

'l;fsaVed on auxiliary storaqe. To aehieve this the storage7itef"'

td

Y2

7fffswap routine that manages the extended storage and directs}-*

A. .

o o ;o" .: , :

;{fifadmf%istrator hasftuo subsections,ta core management routinehifi o

: “fito allocate eiecution Ytorage and control its-usage and a



'd,theifmaster gschedule“v

v
£

-the actual program' swapping. " The storage administratorf

utlllzes system macro 'inStructions to 'manipulate‘ memory

'ulprotectlon' keys,a to determlne auxllxary storage addressesjl‘

Ve

fgand carry out: the read and wrlte requests 'needed for the_j‘

o swapplng.. These instructions are suff1c1ent to 1nd1cate the’

" 48 -

”va11d1ty of ISOS For the hlghest eff1c1ency these system f

'1nstr ctlons should be replaced by lower level 1nstruct10ns.

_For

;EXCP, 1nstruct10ns should be used to carry out- the swapping.

o

"The- facil1ty admlnlstratlon invqlves the Veflficatlonr' -

| xample 1n an IBM computer the execute channel.\program,f‘f'

'};of requested batgh service and the requestng from t ost,"‘

'systemvneeded compilecs§ assemblers,V linkers, etc. %'rhe. :A

r'rallocatlon of data - sets 1s accomplished with 3ob control~

: requests to the host when ISOS is started as 1n the INQUIRYh :

‘-functxon ni the 360/2ﬂ~d1scu;§ed in Chapter 2., The attual_.

",loading oﬁ,the needed routines is the respon81b111ty of thel,"

drespective slave submonitor. Speclfically each submonitor'»j*'

37ﬁ¢loads the routingb‘requested by the current prqqram undet'

'_1t control.v The actual data set is allocated to ISOS by"td-

7fhthe host when ISOS is statted but the routinesjf
'ff7data setsmare loaded as ditected by the submoni ots. - ,fh:

The Isos proqram administrator contains four modules'; o

"

j‘ﬁfscheduler and];he batch?fintqrrupt effector.5 The masten{"fl°

f;ffacheduler decfdesf"'

he order of servi”e to outstanding:?

"he'fbatch scheduler, the inquiryfh;:7



requests, for. the cpu., These requests 1nclude~ 'unserv1ced
' 1nquiries, 1nterrupted batch programs, »andﬁ new ‘programs
5‘~fbe1ng Meld by the host. The batch scheduler duties_are.s'

‘o

E enable the batch submonitor when a new batch jobf:arrives}:"‘/
. tell 'thef batch submonitor what servrce the JOb requ1res,(; -
‘request that 1nterrupted batch jobs be reloaded to core forl .
| continued -processing, »and record the end of the- ]Ob status f
ifwhen the batch ]ob completes. Inquiry schedulers exist for L
.pleach class of inquiry that S‘ supported by ISOS. Each
A’,_inquiry scheduler performs a: similar set of serv1ces for its
-”iinqu1ry programs., These services include (a)’for ,new_"IP}sijf_b'
'1“any sassocrated ‘1nput is spooled to. auxiliary storage for‘

' processing. fcb)frfor‘ new 1P’ s :and new 1nqu1r1es ?»anpp"‘

}l'fnecessary core _§waps, are arranged (c) for new inquiries
hthe cpu is requested and if need be,‘ interruption of ‘the.
’tcurrgnt batch job is ‘requested,: (d) enable the 1nouiry :-—3
..Tifsubmonitor when the IP is in core and ready to run, and ( e) ”:ri
;ic ,Processes inquiry end and/or the end of the IP. t_ o Co

In order to provide satisfactory response times for the ;3;i~.

‘a?ﬁfinquiries ﬂit :must be: possibletito interrupt‘ the batch

‘:progr‘m, save its“status* servicefthe inquir', then resume ;5j3~

w



checked out to the greatest p0551b1e degree., If”the"mastera"~

A

- Sﬂh

'abnormally ends~ then the host must restart it and all the.’

‘finquiry and batch programs are lost and also need to be__

',restarted by the} user.;j Such }a situation Jisj not very ‘-“

: :de31rab1e. By maklng each submonitor :af'subtask there iS‘

j1itt1e chance of 1nqu1ry or’ batch program cau51ng ISOS to

-abnormally end At worst an IP or batch program can cause“

B its own submonitd& to also abend But this does not affect-': o

j'any other program. When a submonitor, which is a -subtask;_.f

. abends the host transfers control to the master submonitor::

<

'whlch has a fix up routine to automatically re—create the{:.a'

L subtask and the submonitor .is eady tQ process’ moré*i;
f;PIOgrams.’ The subtask approach adds to system stability but;tfhf
.7makes interrupting the batch program more difficult,“ It 1§>;fh

.:;2not Just sufficient to create the batch submonitor with agl -

jff.,lower priority because while this allows the IP 8 and master!

l:'to gain conttol of the cpu it does not prevent xhe batcha~p;;d

'7;1program 'fromipregainingd_

vrhe cpu as soon as the_IP or mastertE’"“
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't I solved the problem as follows.' Recall that the‘b

‘:priorities of the master, IP slave, and batch submonitors;_i

"-are 1-1, i,. and i 2 respectively and the highest prlority

".7d1spatchab1e task gets the 'cpu.iv The ma1n feature of mya,»'

| {hsolutlon is time 911c1ng by theabatch submonltor. _After the |

expiry of each t1me sllce, the time-slzce routlne w1thin the"

: }pbatch submonitor checks a flag,. 1f it i s set then‘ the;‘

tftsubmcnitOr notifies the master that batch has stopped then~

"E_the batch' submonitor entets a wait state and “no- longer;?b’

.{;fdispatchable. I 11 now describe the servicing of an 1nquiry.;lr

fvf-that &rrived wh11e a batch JOb was executing.v The batch Job. o

'fthe tbatch job to end or for an inqulry to arrive. Anjﬂl\

“ﬁlis executing and the interrupt handler is waitlng for either;f

_':fiqqui§¥¢arr;yes.h The appropriate'linquiry“ submonitor with:;ff



| f1nquiry scheduler finds that a’ batch job 1s active. Based
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’bson'»af knowledge of the response t1me requirements of the ;}hf

ﬂ frnquiry the scheduler notifles the batgb interrupt effector

':j;cf the possible need to 1nterrupt the batdh 10b The

-s_of the IR delays setting the _1nterrupt flag for a'time fy"

”;called IH, the 1nterrupt hold tlmeo During the time IH the
7;master enters the wait state 'and the st111 dlspatchable
,batch JOb contlnues executlng. If the batch JOb ends within

: IH the interrupt effector then becomes act1ve and signals

""the ‘1nquiry scheduler that it can proceed._ If withln time
o -
.;;IH the batch ]ob does not end then the interrupt effector

'“lreseizes the cpu, sets the batch need-to-stop flag and

}'Tsreleases the cpu totresume batch processinq.; Within the

' '.1nterrupt effector by using the response tlme requ1rements }jf*

]}Abatch submdnitor the time-slice slze is S seconds. f;hw‘

lffTherefor every{TsJseoonds;thatithe submonitor ilfactive its ‘ff




*c0nf1rmation that the batch submonitor is idle it requests ff

';the storage administrator to bring the IP into core from the.e"

'auxiliary storage._ The administrator will also»vsave ithei[

"~batch program if e is only interrupted ‘When the IP hasf,‘

ﬁbeen 1oaded int//’execution memory the ninquiry scheduleri
'5tnotif1es the 1nquiry submonitor that it can proceed to;i5

zprocess the inquiry.ﬁ The delay from inquiry arrival untilfi'iggﬁ

_;eprbcessing starts 15 discussed later 1n thls chapter_:;_

The inquiry service requires IS seconds.r After this-ff

1u{t1me the 1nqu1ry submonitor notifies the interrupt handler';i;»

S

_f:which passes control to the appropriate 1nquiry SChedUlet to;‘f'f‘ﬂ

hfprocess inquiry end status. Inquiry end may also be IR endif‘!r«'

e,in which case the:'inquiry}scheduler proc“sses end of jobf?f;‘

';status 't permitnapother_IP' n. the eame chvss' to receivegé" :




. : . . ? .
WOod stated earlier that the supervisor %as the major;f"'
: component ‘of an operating system. In an evolv1ng special!__.
purpose monitor such 'as' ISOS ‘the ’1mportance ,‘offvlthej e
supervisor 'is abundantly clear°'roughly three quarters of:i
the code is‘used to 1mp1ement supervisor functions. ;pifliﬂv
In addition to/the formal supervisor sections there arelh-
| (a) miscellaneous routines within ISOS to initialize andfff;.{
maintain .itself,:,(pf routines to read and analyse inputp':”

cards. (c) error diagnosis routines and (d) routines to listi:{:.f

\

and scan cards.,ep_flf utili

response charpif“jﬁ'tf'”f'ﬁand";,,.f

cl programs(totbe'p:ocessed in the sameffatealffﬂii



, simulated with the characteristics of GRIS jobS"'as
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'described Tine'-chapterv 1. - These I graphics IP 8 ~are .

characterized by cpu requeSt34$f less than one second with a;[ai;'

‘;mean 1nterarriva1 trme of almost 11 seconds. :Tﬁéj inquiries*‘

’ffwere 'user requests to change the picture on the display4*

fscreen. The inquiry caused the IP, the user written FORTRAN .{'

~;GRID program, ,to resume_ comgutations.v The cdﬁputa;ions'e;;ff

”,ﬁmight 1nvb1ve analyzing;input from the GRIDfor card reader»;f;:'




@

.lv

e;f IP s are not passed to os until the GRID hardware is 1a1e,§?,;v*.

s

e
t

.

Thxsv is‘ accomplished by coding HQLD on the JOB statement

If the usér should focget to codevHOLD and the"Isos wouldf:{f'

flush the job if a GRID —-IP was'alreaay establiShed T ‘}ff,rii



“

3 3 1 Level 2 Detalls of an ISOS System k‘_s:i , ,

:, The resources needed by ISOS, or. anv operating system;'?if

E are supplied by the facilitxes admlnistrator.b ISOS requires‘ :
19 data sets to support GRID ]Obs usxng FORTRAN (G)} and,,
level F linkage editor and stuaent Jobs using WATFOR, SALT,}p s
list,. punch and list/punch JCL statements processed by OS:

4 at ISOS initlation cause the allocation of these nedded datwid"
sets to ISOS. AS ISOS ptocesses jobs the GRID submonitobfis
loads, invokes and deletes the FORTRAN compiler and thefégi

I

linkage editor while the SOBF submonitor manages WATFOR(ﬁ;u

o

SALT and the utilities.;, The facility'adni"istrator codedffe




’f; abort the completion posting would not be avallable for the‘ '

o hatch job so 1t could‘ not resume.i The second ISOS I/O

dlf'=concern involves the ma1n 1nout reader to the system.}: HASP

‘f master and both submonitors might read inv. sequent1a1

firét—in—first-out order. To avoxd conflicts from open and
‘:': : '

’ff.‘read next when requested two procedures were developed

Firstly the ISOS master opens the reader before,_using

fﬂdf it and closes 1t before controi 18 passed t°i either

58

‘ spools this input to a pSeudo—device from which the ISOS | }

; closing the reader and in order that the correct record is d-

Lo



'fthe system state.: Often the incorrect actlon of a race_',‘

d,;cond1t1on w111 lead directly to a deadr/sk situatlon. Theref

t]conditions within ISOS 1 Care must b‘ktaken to guard agalnstd"

'-?;are;f numerous examples of potent1a1 deadlock and racev”

°'these as errors are easily made. The test ISOS w1th only“’f. |

,‘two submonitors and the master still required careful cod1ngfvf*v§'

:gﬁoj._ co-ordinate 3 these - segments. Erequently duringrsf°

ﬁfdevelopment the analysis of a memory dump from a failed testfjsif

/would reveal how a race condition had‘produced a .deadlockedf;fff*-

/

¢;RBAD The potential racejfffff;’




[

e

‘ ﬂabnormél end, ansgg\\hnormal end and if there wasdan inquiry

DI

the handler must decode the post codes to determine which IP o

”-1s required The post~codes are 1n the event control blocks 3

' (ecb s) which in ISOS are called Program Status words or f

"ViiPS s., Those assoc1ated w1th the first submonitor, in this

Acase SOBF are called PSA s while those for the second are

<

*gPSB s and general ones are PSG s.} They are all numberedj

';:“from one so ISOS code contains many references to PSQ}, PSGl

‘“wﬁ”°r PSBZ. etc. New 1nquiries processed by the lnterrupt;-ﬂ-‘

" handler are indicated by posting. the INQINT. ecb withinf_"f"'f"»f

'L“*above. Both these ecb ‘s are in the master monitor. Theyn.d

b

"ihandler or the INQINT2 ecb w1thin the master schedulera The tf

TR eb S
-Ttitwo ecb s are needed to prevent the race condition discussed R

"'lare posted as a result of the execution of a second segmentf;é .

”"ﬂlof the interrupt processor located in the GRID submondtor,el7



3

.n\

" The program administrator section comprising the master.

s,

in&errupt effector directs which rdutine to. load. The ;"

master scheduler 1s small and ea511y modified In. thé' test

system itﬂ services requests in the order. _hew. inquiries,

interrupted batch Jobs, and new gobs either.batch or IP (. if

’ 5

there 1s/not an IP of this class already being serv1ced )

Before scheduling any new jobs the scheduler must assure

p 7
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rscheduler.‘the_ inquiry and batch "schedulers, ‘:and .'thefx

that the main memory is, free. It calls the core management j[”

I3

routine to freeamemory 1f necessary.

The batch scheduler scans the EXEC card to. findlfthe

reqﬁested service. An error message results if ‘no- request:

o .

7

o occurance,.the batch submonitor becomes active ‘and processes

51

o
w

is found. .When 'a;-serv1ce request exists,~'the3 usual_f

" the ,jobr»:' interrupted batch Jobs the gatch scheduler

reqUests the needed memory swap then -re-enables fthe batch '

: submonitor."' Throughout . ISOS there are. global ISEatus

indicators such as STATE and specific general registers such
<

as register number 4. (R4). STATE is a set of status words

fdr each submonitor. STATE+4 18 for batch STATE%B for -the '

first IP (GRID in the test case), STATB+12 for the second_

.

class of IP, etc.;uSTATB values of ﬂ, 4, or 8 indicate idle,j7'7w

- interrupted or active ,respectively. General register 4 B

' containeﬂ,.4 or 8 to indicate a memory status of idle, batch'

&

in the memoryfor first IP (GRID) in the memory.: The\batch'_.;f

T ,o‘ o : 0 Lo AR



| j\\\h
}scheduler or .a

N the memory status must update the appropriate global ,status

utine which changes a submonitor state or .

‘1nd1cators /ffff | . o o ;

. The t;quiry scheduler verifies'athat&'ISOS i lu‘not"

| vprocessing an IP of the given class when a neh'IP arrives at,
’.ﬁhe‘ reader;.v If there is such an 1P the new Qne 1s flushed,

ivfrom the system. At the U of A this would rareiy happen asd
}' the computer operator releases GRID Jobs only a‘er the user

' ‘l“*h initlalized the graphics equipment.‘ For new IP 8 thex

hinput is spooled and the appropriate IP .submonitor; enabled/

by postlng PSxS, 1n the case of GRID this 1S PSBS For new ~

<

"'1nqu1ties to ex1st1ng IP s the scheduler first determines ifp
]fthe memon; cqhtains any active batch JObS. 3 Such active;
H batch ]Obs are halted bY a call to the batchainterrupt

K effector,_(described below). If batch is idle or_ after 'it

- ; halts the IP Ai‘ loaded and\ inquiry processingﬂbegun by
A ‘._'-‘_g}re—exﬁbling the Ip submonitor.‘ Psz, in ‘the - case of:f'
:"AGRID'= PSB2 - cpntrols the re—enabling of the needed 1nquiryi
p"5tsubmonitor._ If the completion of an inquiry also’ signifiesf
.t7the completion of the IP then the inquiry scheduler resetsp

vlthe submonitor status to permit initiation of other IP 8 of“

the apptopr iate class- L . - ,- ‘

o ifr;/iﬁ’ The interrupt effector is quite tricky and permits an;

M?tiety of setvice respoﬂse t° 1“q“1”1°3' Given_:

Illil.r\

quiries aze to reoeive better response Otime than»z

PR A
- . .

T : T SRR : ~' RIS L .
. - : . D S0
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Ybackground 'jobst there'= are.'hthtee : 1mportant ‘service

"ii-disc1p11nes available,_namely 1mmed1ate~preemption of the
“tbackgrbund batch job, head-of ~the- 11ne inquiry scheduling'
";and -due-date, scheduling of the preemption.:' Immediate:

.preemption implies that upon receipt of an inquiry the batch‘

,iJob wis? suspended 'and *quiry serv1ce begun._ W1th

'i‘~effacient swapplng routine preemption prov1des the best _

;response ‘time to 1nqu1r1es. Such\good response t1me though,:

3has 1ts price, 1ncreased system overhead because ;he batch _

o .{JOb requ1res swapping out and 1n each time an 1nquiry{ .

: arrives. Head-of-the-line scheduling provides serv1ce' to‘f'

:”thef 1nquiry when the current batch ]ob ends and before any )

/

“h other batch jobs 1n the queue:?are'; initiated. _ This;, '

‘“fjdiscipline gives low swapplng overhead as only-the IP needse_i

"-to be swapped in or out. Because the batch job executes to '

Qcompletion it requires‘ no swappingh However, because the.h,hﬂ

hfinguiry needs to wait until the batch job ends the responseh'lé

time . may not be satisfactory.; Restrictions on the maximum

'.5processor reguest bermitted batch jobs may make ,»the‘,

"’-head-of—the-line tesponse time tolerable and the disciplinet"h

e f;worth cbnsidering.

Due~date scheduling has some of the advantagEs of both‘h't'h

head—of%the-line_

disciplines.;‘ Ln the%fin g
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to schedule the inquiry service at the latest possible time.:*

qIn particular, the 1nterruption of the batch ]ob 1s -delayed_?'

o’

. as long as p0551b1e.“ During this delay time the batch ]Ob‘le

amay normally complete and then the IP 1s re—enabled and a

'1.swap of the batch JOb 1s eliminated If the batch job doe ,f

not normally complete by the requ1red deadlinei‘ then"

'ffpreemption is invoked to halt the batch program. Due-date. '

:‘Sﬁheduling reduces swapping overhead compared to 1mmed1atef;‘l;

‘not. do. s

"7}? The actual selection of which inquiry to service woulda"‘

“~vmost likely be made on a FIFO (first in first out) basisre'

B preemption and given response time at least equal to the

"pf'*design specification which the head-of—the-line method could,i'

1f_A11 inquiries are serviced to completion. Preemption of*;"'

e

e IP s is not’ necessary because by definition inquiries,f

_ Y o
;lrequire littlej cpu time and will not, therefore, seriously;,

'fimpact the response time of inquiries for other IP &y :ﬁin,“

; "'interference poses no problem. In a larger s&stem thef
'nyiimaster scheduler and interrupt haadler would be modified toe”-”

| Tlpfﬁreflect the order of inquiry selection.if*Within ISOS twOjQQ:g

hwﬁﬁthe implementor,to utilize feithet,QOE*fthe;;thtee QS,!V1¢°ffT;i

.f‘%'f the. tqﬁt version with only one,/iP class intet iRQUith'f"

‘the interrupf?hold time for each 1P class 'enableffq73



\fflseconds using the’R'AD/WRITE/NOTB macros.;,,-*f )

s.three dlsclpllnes are possible whllﬁ only head-ofrthe line”_~‘

n

Q
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"”.eCanf exlst ifh TS .1s-ve:yu1arge£} As ;H becomes Very smalli“

othen : tﬁé." dxsc1pline_?_is” :1mf dlaZe' preemption .“o:j

"*head-of the-llne for TS small and larg

respectively.. If IH

b-1s greater;xthan . ero theﬁ f'r. ?mall and latge TS the;-

'.dlsc1p11nes are due date and he,d-of the—line.vfj.;f*

IH very small f< Immed%ibe L ffjfd-bﬁeadéofetheéiine;ndn{

(Maybe 2) > Preemption’ N ERE

In the ISOS test cas.

s very. man PR '.’:'»'Ifs'_*ve'i:y, large . -

a due date scheme appears as thedfv

'nn best choice. Recall theAdesign goal of 90% of GRID responseuif77

.‘times -less than 15 s'_onds.‘ The mean GRID service time is;d;jﬁ

w'5}a0 21 seconds and 90% f SOBF jobs complete in less tnan

f;nsegpﬁﬂs.. From actuac tests a total memory swap tequires 2, Siid”j?

::“’( jobfis executinq upon artival of caneg{eciij .

atch endsl within',I



'3. The executlng batch Job does not end w1thin IH

but does end in the time-slice' remainlng after IH
. pxpires 'and the ‘need-to-stop’ flag is set,. For
"the response tlme R3.; Rl + IH < R3.R1 + IH + TS :

. 4. A a°in the worst case the batch JOb heeds to

. be interrupted: and ~swapped to disk storage, In
7+ this case the 'response time is R3 < R4<IH + TS + S

o *Swab out of batch +: Swap In of IP + Service Time._‘g;;ﬂ

'i“g.Dlagramatlcally the worst caSe response iis'srepresented;'in_

'"ihffigure 3.5

'ﬂ';'-Using the measured values and des1gn goal in the worst case{'7"

A

";_we get 'dﬁ‘h:‘_ _
R4S 15 | ) i

7. R4 B-IH + TS + 2, 5 + 2, 5 ¥ 0 21 B

o or IH+ 15 "9, 79 seconds. b»- L L

e But what about system overhead besides that caused byf.fd'

: jswapping? From actual measurements the ISOS overhead isef;
"Vwell below one second Therefore. if IH + TS are less 'thanf;"'
| fgffé seconds then in the worst case response time should meetfjfff

' Vfthelrequired goal and swspping is keptftoha minimum.;v Largeff”

"-f;ffTs‘;vaLues reduce timef'lice overhead but require small I6

'”“1gause moreaoverhead from setting the need,_toﬁ }!'
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Coal

: .

setting .thé, need—to-stop flag for. l4%'offthe;jobs andf~

o actually only 1nterrupting lﬂ% of them.
The 1nterrupt effector exemplifies the modular. codingf

approach 7.On‘ entry to this routine general register, er’~ee

contalns ‘the 4: time fn the IP caﬁfs.,, Therefore. the

1nterrupt effector functions for‘iall‘ IP classesadespite-',"

' their differing IH values. j,The 1nterrupt effector ‘was

another source of a. p0531b1e race condition. The effector.f“

)

STIMER.«, On expiry of‘the delay the need to-stop flag is }fg
set.» But during the delay the batch ]ob may normally enddiuﬂ~

1s activated by the znquiry scheduler 1f batch ‘is busy.viThe»j[{

effector on entry sets the IB delay by using a real timef'ff

\'jvand 1f the effecgor did not test this condition then thegjdu;

need— O“StOP WOuld never be satisfied as the batch‘:”:

submonitor would be idle._ ISOS deadlock results.:}iTOJ,,.

overcome the iproblem and provide the least delay to thefﬁ;

The storage dministrator:has two lar@e routines- lethed?;;f

inquiry the wai,won'the STIMER is actually a dual wait forf_';
| either IH expl"y or atch end. PSB4 indicates batch end.v,,nfff



which routine to bring into memory, 4 for SOBanand: 8"tor ‘
GRID, then ‘calls’ the swap routine..f-The swap }manager"‘
. 1fcompares R4 and R7 then eXecutes any needed swaps to fulfilco
A*al;the request The actual swapplng utilizes BSAM RBAD andl«f,<
:fanRITE macros w1th POINT commands to- locate the required codehfi“s
the »swappinq dlSk The routine determines that part of}_i
fﬁ!;memory that the program‘ actually USeS thsn -swaps thisgif{f
'.'active memory in 2048 byte blocks.ﬂ By nOt swapping thet_fmf
h*?;total 118K hyte work area the 2 5 secdnd swap time can bei"f.
'“,educed, ’3‘ iy N R
v'il The coreilmanagement routines allocate the umain ordf"“
'ifjexecution memory. GETMAIN and FREEMAIN macros are used to7:_fi
?_];allocate and free the required areas. f As the memory isfiﬂnf
'n"? lready allocated to ISOS by the host opirating system thei}if:f
f{tﬁGETMAIN and FREEMAIN macros are actually used to set or"Vif
‘”fdlreset storage protection keys 0so the swaps, loads, etc.l?
liddwill not ‘cause storage protection exceptions., When a;‘ﬂ”:

i’f}routine is ioaded the host, OS/MVT, allocates it an: area ,ofvj”t‘f

'f“fmemory.. ‘An area can only be allocated to one routine,,fﬂff

‘“;if Isosvswaps thelroutine out then that area needstﬂfl'f




.18

The f1na1 sectlon of the»7iSOS supervisor, the- t1mer

‘ r;radministrator, 'iS' a small Section that controls the time

;»slic1ng in the batch submonltor.,:wThet 1nterrupt effector,

ﬁ_decides, if the batch can contrnue wh11e the t1me sllcer

.ﬂ},At the eXPer Of TS seconds OS interrupts processing and

“ltransfers control to the STIMER exit routine.f In the exlt

'siallocates the time slices of length TS, Thé' sllcer 'is5la**‘f

ﬁf STIMER loop that allocates S seconds between 1nterrupts..f‘

"~f“routine the need-to-stop flag (PSA3) must be checked- 3_If',

f:f;(pSAZ), to cont1nue processing. If the need to-stop was:wVv

'”fﬁhfit is set then the have stopped flag (PSA4) with a code of

% [

_..,;complet.ion) is' posted.

'“:fnot set then the timer is reset for another TS seconds and

;ﬁif;initialization,

"\

the bateh Job, o

g to indicate interrUpted status (C f - ﬂ for '3°b ;f‘

"'*ﬁ The batch submonitor then waits the resume-rflag""‘

l;j;control is returned to OS whlch then continues to process~_‘

The main non-supervisor sections of ISOS perform system :;j;

analyse JCL, scan input cards, list input if

::f;fso regllred &nd'tiagnose errors issuing appropriate messages




service‘ programs include SALT, WATFOR, linkage-editor and

"the GRID users load modules; etc.,' All of these routinesf

except-'the- GRID users load ,modules aref' u1te stable.

}However;‘ to prevent a subtask abend from crlppling ISOS the;d"

,1nit1alization routines _are. designed i.to-. automatically :

7Ijrestart any subtask that does abend ThlS lS done by using.'

gfthe subtask end of task,AETx, exit-‘fac1lity.,' W1thin~‘thev
vl.restart routines the interrupt handler, the inquiry andIV'
n*batch schedulers and the' interrupt effectorlvare notifiedfi'r

.1about athe; submonitor failure. Such notification enables""

lﬂ’ISOS to reorganize 1tse1f and reset status flags. Care must.iij

*lbe taken 1n the restart routines to make sure that' theif'ff

: 5¢re-attached. , Such an occurrence ‘could lead to infinite'

'w’subtask fallure did not occur while the submonitor was beingf.3'

ﬁ7»loops. A control flag prevents such a 1oop.\ This- is ﬂan“';'f

.rrexample of the detail referred to by Needham and Hartley._: @s‘;a5
o The JCL analyser uses a SCAN and LIST routine to findﬂ“; -

~the 1508 JOB and EXEC statements, then 1ists then. in the .

'd‘ﬂ}output file. The statement formats are $$ followed by anf'ﬁj:;

‘”ffoptional name, then JOB or EXEC preceeded and followed by at  fﬁ'

r'iﬁleast one blank. On; the EXEC statement the facility‘andnfnuz

'7fﬁ;serviceﬁre§ues; each;preceded and followed by at least oneﬁi;r}‘
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T @

' ipreventicancelling'jobs,bparticularIY' small student ’jobs;_

. error routine.»t The error routines are part of a general

error‘riS7 nOn recoverable then ISOS abends w1th a user_in .

R

completlon code of 260% and a SYSUDUMP.

In thls section I have attempted to descrlbe th level

4,

72

_ due to slight errors ‘such as’ those caused by fixed column,f

ﬁiformats;' Any errors are clearly diagnosed by an assoc1ated.u;'

"f; error segment that also diagnoses ISOS errors. If an” ISOS"h‘L

o 2 details of ISOS, that is, how an actual system was built.}p

worth producing? James Martin provided a good answer. s

'“‘3fneither ‘the - time  nor 8kill  of

' .;"; :i,'_,»f,;easily accessible- »

The problems and pitfalls have hopefully been 1nd1cateqicm

Appendix A contains 'the actual coding w1th ‘the- supervisor'

sectlons clearly labelled In the next chapter a simulator.f“

7: i deveIoped and used to investigate the effects of}varYingv

IH and Ts

One might ask -3 if the system fis; so- complex is.iit;i_f[

L -
= The advantage of time sharing operations are;_,~
'“*proved xlargely: with .the mass - of. engineers,:,

. -sclentists and .other . computer users who . ‘have .
R sgpnal .
r-}*iprogrammer.e To.¢ these ' people i<gharing . . -
*r',techniques ‘ate’ making computers al more practicalf'g

* tool. for solving their problems, - It. has becdme«{«
-Jf(Martin, 1967) S T

“?;fThe maif“aim of ISOS was to make interactive graphics

ggmore accessible'to fulfil the above prOphecy..,;pf;f,ﬂ};ng‘-’V':



-CHAPTER 4

SIMULATION OF -ISOS

t
4, 1 Why 51mulate? N E _:. »--f | .

| Slmulatlon models are constructed desplte their' cost -
o and complexlty because frequently they offerf the ‘only.=

alternat1ve‘ to. 1ntu1tlon and experlence.'y A quote from

N

Telchroew and Lubln (1966) summarlzes the 51tuatlon.i»,v

Mathemat;cal analy51s of complex systems is - very .
- often- 1mpossible,. experimentation with’ actual or - .
pilot systems is costly and time . consuming, -and .
. the relevant ~ variables are not" always 'subject to. . -
o control. Intuition -and experience: are  often, the - -
. only alternat1ves to computer’ simulation available
yubut can be very lnadequate... Slmulatlon problems
‘are  characterized . by  being mathembtically -
,;?;1nttactable .and haV1ng re51sted - solution - by
.‘“analytic methods. The problems usually ‘involve’
..many. variables, many parameters,' functions _wh1ch
~are. not; well - behaved mathematically, and randOm',:u;
L varxables., Thus- simulation is a technlque of last =
'-}resort. _Yet, 'much .effort is  now ~devoted to
- “computer simulatlon 'because it is a- ‘technique .
‘that gives ' answers 4n: splte of 1ts d1ff1cult1es,}j
‘costs’ and time required . L e

A

John MoLeod (1970) gave some good defin1tions of simulationn"

“;wi. Simulation is the use of a model (not necessarily-

' a - computer - model)  to :carry out ' experiments . = |

*g”designed to reveéal certain characteristics of the '

- . model and by implication ‘of the idea, system,- or

r7o . gitudtion - modeled, . Simuland . is ‘a " term of
4. convenience used to. stand for’ that which is.to be - .

‘simulated, to avoid. having to. specify whether it .

ig an idea, a real~world system, or something;’

R e se.u;«a S O o B




_nﬁéLeod.draws special attention'to the'speoification of

[4

'certain characteristics 1n the definition of sxmulation.l

. This distinction 1s v1ta1 A model to',exh}bitw , }e._'

i

A characteristics -»ofwa-the, 51muland _;wouldv approach the

fcomplexity of the 51mu1and 1tse1f It;is.the very faet'that

;\

'the pert1nent characteristlcs can be - seleoted"that .makes, S
51mulat10n useful In the ISOS case I w1shed to- 1nvestlgate‘,f

the effect~ of varying,_Tsimand--IH, hthe;‘time-slice~'and;

'lnterrupt hold times,, on“:the ‘1nqu1ry response t1me, the"

'vsystem 'overhead and queue '51zes. : Other aspects, ‘for

h example, the queulng of I/O requests, within the host, for

‘swap file activity are not g01ng to be 1nvest1gated n’the,_

}.ISOS simulation, model swapping act1v1ty delays are 31mply o

‘represented by suitable random vagkables.;,‘To'-investigatels

}-th effect‘ of more rapid swapping one need only change the'i

2 appropriate random variable.- McLeod draws attentldn to hisf.ﬂv

.;statement 1n the'simulation defggition that the 81mu1ation"'

{fexperiment must be - de81gned t0' yield answers to the ]

i

’.required questions.' A simulator is af.

;uanswers to sl'c1fip questions 1t does not tell you what to -

‘d ’ Do not attempt to mirror the simuland in your simulator5

‘ool for 1nvestigating;":

‘“then change parameters at random to see what happens.l

c .

'nInstead

gfpatamet rs in question according to a plan and measure theh”f""

;:regﬁiti ~on~speci£ied indicator variables.‘ For exampIe, one if.

o I

build the simplest valid model and vary theﬁ'



g

£

g.mightfvary'service time- and‘ measure‘ queue:'leWch'.' an§
.findicator. A second advantage of a 51mple model is that the |
) s1mu1ationr de31gner does not need »andvintimate~deta11ed
-‘knowledgetof all aspects of the system but rather only of‘
hlS specific area, Other areas of the system are. treated as
tappropriate random vatiables .asi mentioned above for swap'ai
‘time.' Nielsen (1967) developed.a successﬁul model of an IBMJ

’:36ﬂ/67 when other early attempts to model third generationbf
htime—shared computers were failing due to- their excessive
compleXity. Nielsen reduced the complexity of. his model by '
"dec1d1ng to 31mulate the software rather than ‘the hardware.i

.
-t

fohnd that focusing ‘on a 31ngle .homogenous- 1eve17
|

'sxmplified his ‘model and reduced is execution: time. Non~
_software eﬁfects, eg.i hardware, user behav1our etc,, vere
| simply model parameters. The d:viation of those - parameters o
,might have been from another simulator but not from the h'e}j’
under discussion. f These more simple models~ as’ well as -
}f clearly focusing on‘one subject are more easily modified andt
: changed 3 Nielsen ,suggests that a designtr sacrifice

s 6.

iexecution efficiency for ease of modification._.'

Besides investigating TS and IH I/mished to investigateg‘wf} ‘

WhY many computer system programmers ‘rarely simulate but -

§

~ -rather trust intuition and luck.-g From" discussions I:“
>1;conc1ude that several reasons exist°-.(1) They'do not know a"
B - .

e”common simulation lanQuage. (2) if they kno" °ﬂe iﬁ:ifsf:

yieooo . : T . T -'HA,

..



-

,&» . L ' " o ""'(.\,, '

llinappropriate 'to »the task at hand (3) if they try to usef'

their familiar languages, FORTRAN PL/l, etc., they get

immersed' 1n timing routines and 51mu1ation language de51gn,~

76

(4)'they find that - it takes too 1ong to: bu11d the sxmulatorf_'

d  (5) they find 1t hard to build a model that behaves as

-deéired . *As a means to overcome or at least redu01ng these

iproblems'tl developed CONSIM, ‘a converSational 51mulation'

~ technique, - N
o o e .'"'ﬁ:;

. ‘ : o
4 2 CONSIM - A Conversat1ona1k51mulation Technique.

{: The CONSIM technique 1s based on.

) series of APL functions that comprise a timer

of system matrices and routines to create} move , destroy,ﬂ-V

netc,j,entities._ CONSIM has a: minimum of functions but does

yL; In fact it is~~a"

.outine, a set-gq_”

‘.proVide- the heart of a simulation language, namely, a clockbfy_

for’ the model and a wey - of . creating and moving entities: o

through their simulated existence.' By its vg;y opén endneSSi’

‘a user can freely add functions for manipulating entities as

he wishes without getting bogged down }in the moraSSfof_-"

timers, euent chains, etc. As examples of user routines toi,f;u

l extend the technique I have included examples of routinesilv'

gueuea..g Both of these queue types as I designed them onlyiiﬂ.

; contain the entity ID and priority in the second case.,:glf‘”

another user wished to place other information on the queuef,f~'

N e oo .
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he‘might,_With a.‘conventional ”language, 'find it to be

A extremely difficult to modify the queue building code and..

tany subsequent service code.' With ,CONSIM the - user Just:

31_writes the new queue routineS'fand, as the event service' )

"routines are’ user written they ‘are. deszgned for the new ’

.queue -structure.' For example, a queue might be modified to |

"700ntain the ID plus the time the entity entered the queue. o

affSuchv_an_;addition should only be made if in: the de31qned} -

‘:eXperimentnone‘wished.to-.measure~ the_ time spent in the‘Qa'.J"

- .queue. . O S ~@g'

_ APL is becoming increasingly widely used and‘&even: if'_"
'one needs to ,learn it in order to' uSe CONSIM the APL”f”'

k knowledge is generally useful to the user iﬁ otheri areas.'

/

By USing APL\ the model can be construeted and executed5'

ﬁﬂjinteractively.’ The interactive construction should ‘reduce_~ o

frdevelopment Qandt modification | times. "Th interactive’

*ﬂexecution adds a possible new feature to a- model - Rather .

»_fthan_ coding all decisions within the iogic Of the model the‘ .:d.f

' ’person at the terminal can make the decision and indicate-f

(ﬂwhat action to take. This feature could prove useful in-fﬂ‘

iffmodels of a system involvinq human input and judgment, ) .g,, C

estore {'management situatione.-, Usingﬁ the interactive,;;f;ji

f:execution feature an experimenter

l ffect of certain decisions.g With these features of CONSIM,»a::

'fcould investiqate theﬂ“i

I hope to reduce thifreluctanee of aystem pregremmere tolidfiﬁ




. simulate 1their'.prob1ems and solutions.\ Appendices'B'and ¢'

'_contains a listing of the CONSIM ba81c functions, andu_the

"CONSIM model of. ISOS.

Vm4 2, 1 CONSIM Function Descriptions ,“

78

In CONSIM the active elements are called entities. Theﬁ

names of all entity types, for example,‘ SHIP, TRUCK,‘ etc.

| arel stored as rows in a literal matrix called ENTNAMES v

‘The actual entities themselves are columns h\ ﬁ; numeric"i_‘

matrix named “the. same as the entity type. For example, if

‘we are simulating a computing env1ronment a type Qf entity*“v

.jimight be PL/l programs. The name u3ed could be PLlJOBS B

'--This name would be stored as a -row in ENTNAMBS and each'

- program would exist as a column within the matrix PLlJOéS_.b

':;When an entity is*processed through the simulation a vector77

B called CURRENT is creatéd as a copy of the appr priate -

1;17%;filbdﬂia*fialentity number (a seguentiali‘"l""

‘e o0 fort all entities’ created i _the
a~--;;.;current simulation) e

'ﬁﬁentity type (the row numb jfb 3
entity name in ENTNAHE) f;;?{_




3 the next or- current event. service S 1
' o routine (the row number of ‘the ESR- . ' .
i'name in ESRNAMES, see below) o 3

| 7i"4'-:f ;;'-t_status (see below) ;
f.jS;:‘°m»'gi; time ‘the entity was created o
‘6*,; :7_.{"the next or current ‘event time for. :

jthis entity, i.e. the time at which.
it will be passed to the esr specified
: f-in element 3y : , _
d"An entity may have any numbervof elements but those from 7
f ;onwards ere_ user specified and used The system requires»di
,j”only the first six.';" . 'i ".A~ _',i '_ . ‘ '” .
| The entities move through the model by being processed3~r
'1Wby user written event service routines, esr/s. An esr is anr;f
,ffAPL function with no explicit inputs~ or outputs.t This(‘

.function when called will need to process @he entity CURRENT c.'fi
_ !and before the function is exited%the future disposition, of }l:i*i
fv:CURRENT (i.e. its next esr/ and event time or its new

:ifstatus) must be specified otherwrse CURRENT and the column 511 .

ffin the appropriatejentity mayrix will be erased.- The names“

7,BSRNAMES o Hos

:ﬂ;Appendix c, are




}the simulation needs and uses the SIGNAL command to activate*

~the creation of 1nitia1 entities for the 31mu1ation. 'whef

80

"esr s that create entities in the model may also"createf. 3

A

- 31gnals to. themselves to activate the create process at af-f

y_subsequent time. Alternatively, as an entity moves thrbugh-

.3-the' 51muland ‘a’ subsequent esr may SIGNAL the necessary esru]g

. to create a new entity of the necessary type.‘ In< the_ ISOS f

fsxmulatxon,_ NEWSOBE * and NBWGRID Ccreate new sosr and GRID_yf'

h:jobs respectively and also SIGNAL themselves for future ;_;bF

\{action to’ create another jOb °f the appropriate type.i

An event is defined as the creation of CURRENT ’and,fq;~-

-3

gthi activation of the »needed ‘esr',?,T times of thesey;i“u"

.-

‘*events, called event times, are stored in a matfix« called,f

ifTIMELINE. | In TIMELINE, row one: is the event time, tow twoi_"f"

}f;the sequential number of the entity and row three the entityf'”

'"type. ‘The umber pair,_ (entity number E typg 'number),é;'

".ecnstitutée the entity*s ID and uniquely identify an entity.iff

“7Q7as listei;below (the:aotual commandqis i‘y“?Pe‘ °‘59 and thei??9f'

»'j RS




‘7fBRANCH toesr - oa. 1og1ca1 branch to another esr ' whose

381

literal name is the toesr. ~CURRENT is not passed, -
The’ command takes effect when the current esr is :

‘ exited., See ?ASS and TRANSFER,

© CONSIMLD: used to ' load  the. CONSIM system o the luser s

workspace.'h ,» _.-, .

N
. P

.fﬁypé esr CREATE parameterS°' 'this.'command 'createS' -an -

ventlty of the type named as. type . IE this typeu o

_,jhas never existed a pattern is - created' -and -the. ... -
-name added to ENTNAMES.. - Parameter /41 must be the. }

- ‘event time.for -this entity.} The first esr name is .=~
 'passed as part of the left argument separated from . ‘
~ type/ by a -single ‘blank, ‘All-other parameters .are '

" uset defined. If the entity type already exists .
. the humber of parameters must match “the  number - -
-,;1nit1a11y used, otherwise an. error stop occurs.: PR

,”ussrnogz"cuanaum is replaced by 6 zetos. “The appropriate o

5?column of the entity matrix is erased.:,,.

wf’DQ name s provides ‘as: an Output the first column' of thef@f -
.queue’ fspecified by name . See FIFOQ and PRTYQc S

for queue creation.

~,'EXPON mean- Provides as. output a. series of exPOnentially'Ifif
distributed random variablesg whose. means  were )

specified in the vector mean “o f;'~n

:'id FIFOQ ‘name ‘1 the id is placed ‘on the end of the queue'jfft

.specified by ‘name’ .’ The- id is concatenated as-a

r"»"_-‘:;“‘column to the end of. thelqueue.“ FIFOQ . an¥ PRTYQ
Cooarer just ‘two’ “example “-of ‘queuing: that could be.

"*f;;used. The’ user could write others -ag ~his  own ' - ¢
--v;_c%commands. ARy queuinq command must _use ‘the ..
. “command’. QOK to see if this queue type’ exists and -

ife “: dggs not the :

“QADD’ must be - used to. cxeateiffﬁ,g

3t - .specified bygf“fo
“‘low Fs4tolthejJnd_of.the$;fr;f



idp PRTYQ name the 1eft ar ument 1s the entxty ID and a.

‘parameter number. ! The ID is ‘used té find the'

) entlty and ‘the parameter number specifies’ which
“value is used ‘to determine ‘the correct . position in
" the - queue.,. This . queue is a 3 .rowed. matrix with
‘the ID in rowa'l and 2 and the actual value used -

. to determine “location in row 3:°° The items added
‘to the gueue are columns .located such. ' that " the
priority values,' row 3, are in decendlng order.

- _.Uses both QOK.and QADD. - DQ returns ‘the. 3 values g;jj

'uwhen used aqainst a prlority queue.;,:;‘u,

. size. QADD name a queue Called name created,‘ its
o “name placed as a row in the literal ‘matrix,
QNAME$ + ~The num er of rows in’ the: quete . ‘matrix’

R “determined by Si%e.
~?,<. would be placed on’ a ‘

)"»

”‘.-otherwise a ﬂ 1s retur,ed.v_~~“'f

7[}id SETSTAT s-' sets thezstatus parameter, parameter #4,_ ef"

Cothel” entity identified by ID, to:'the’ value ‘8. The

v*fstatus values are: -0 being processed by -an esr: -1,

oy onan queue. 2 destroyed (applies to current: enly) 3
SR ;;stored (an--esr “has
T3 at‘;present 5'on’ the tfme—lzne 6.user defined,
! xample “it. was'used”'a.indicate preemption

DUMMY entity' with af .event
This dummyewill

Usually the ID, at least,» S0

“*\;df

v'QOK name returns a 1 if the g eue called name exie;e;;_ o

as saved -a’ copy) 4 stored (same’ as’

; ;esr .,;1;1




~]TTRANSFER ‘toesr” P like a combined BRANCHa and PASS.  Both

. CURRENT and; the logical path are diverted to the |’

- toesr..~ Takes ~effect when the function . is

exited, - therefore, 'is either the last. line. of an

'"~’esr or 18 followed by afv>ﬂ statement._'

These are the basieﬁ CONSiM commands{. As 1a -person -

’develops ‘a ‘simulatlon' other commands partlcular to'the-'lf

‘5subject matter be1ng s1mulated always prove to be usefulrfl'”_f

AjﬁThe user .can write as many of these as is needed to tailor

7:;CONSIMr ofthe particular problem at hand UI the. case of :

RU;ISOS, commands related to the CPU proved useful and thelijif.'

ff;following were added.‘

}R}CPUEND- _as ‘an esr. to reoeive control after EXECCPU:V7'

.command. and ‘schedule any. .queued - CPU requésts.{‘°»l
Creates a ‘new CURRENT from a copy stored'ipy SR

" BXECCPU.. r'1.-i~: SerTelr e

EXECCPU request. CURRENT is stored with parameter ’359*@;*}

- -set- to’ point to.esr, the CPU is set’ busy if: it was*f:7:
'*f{idle or “else the request is. queued ‘The: request,

“can be either a. single value ‘for an: amount of CPU

,;;jTtime a’number pair in which the first elementﬁiz<.
RS - the total request and the second element is the -

lrnfﬁ*quantum sizeefoﬂirequeste.fiAt the expiry of the;vﬁ"

”-fyecutilization, CPUEND is acti
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"4 3 ISOS Simulation Results ;

The ISOS 51mulator comprises 27 functions to model “the

segments of ISOS. In addition, there were the new commands;f

)

' mentioned earlleri'and -a few miscellaneous housekeeping )

'_functions,f GENERATE was designed to ask for inputs of such;

~va1ues,'as time-slice s&ze,'interrupt hold t1me, number ot

.-SOBF ]obs per hour, etc. The smmulator was run long enough‘_":;

"fito_ test a11 functions and 111ustrate 1ts use. A sample run'f o

q‘>

"'with TRACE 1s reproduced in Appendix C..

Cl :;b

'i To make any 31mu1ation useful f,onea must - designﬁf-

v

”fexperlments and make measurements.7 In the ISOS case, IH and

'i

'TS were to be varied then response and batch ]ob delay couldf'f”

-7??5e analysed To do this severaL varfables, e.g. RESPONSE,i'ff

'“fiBREQ(batch request) and BTIME (batch elapsed time) weref'_3~

V7';created and updated by the apéropriate esr., At the end of._ff~

;ffthe simultion a statistical analysis routine can be used tof“fu

5’¢:examine these values. Included with the samgle run?is thel




4 CHAPTER S

QUEUING THEORY .f:_' R T

”“5 1 Queu1ng and system design.

Because there a, queues if systems such?\ast'iSOST;

'.’queulng theory flnds appl1cation in tnL design of c0mputern';up

‘systems. In systems, 1ncluding computer operatlng systems,i-

" :new requests may not be served 1mmed1ate1y because all the;,f

:'Qservers are busy Such waitlng requests form queues until""L°

‘iithe server 1s avallable after serving the deserving previous;fphy

'°'requests.;e Usually,;__. request arrival pattern follows a}‘

:random dxstrlbution,_ often approximately exponential

”f-nature.. ‘A system desrgner attempting to maximize customer;isfﬁ

':gsatisfaction while m1nimizing cost would like to know the(;jh

,i{average value and dzstribution of parameters such as. .gueuet;,wf;

lilethh. time spent in the queue, server “tilizati°“'*?[ww

g ;expectation ',f preemption and the like.,‘ With"‘th18fij:

’fifinformation a syste‘ oan be designed so that response,.timeff":

'4fis satisfactory while the system ut&lization is sufficientlyif'“:




e .
'-onlith.‘ application' of queuing theory to computer systems,

v

,86

-A.* K., Erlang carried out the first systematic _study of -

' qUeueg dufing the early twentieth century while studying the

_Danish telephone network._ SinCe that time a wealth of
3

iiarticles ahd texts on the sub]ect as applied to computer~f E

‘e

}tsystems,'; h been published.a Thls author feels~-thatj:

,ycompetent system desxgners and analysts should be‘vaware A0f5 o

Y

,;{queuing ,techniques,' What they do and do not do, how to use'-;

3”them, when to use them and how to 1nterpret the results;ti

Q.i%m a very accurate rendition of the system,’simulation is?}f

capable of superior results as cpmpared to queuing theoryj ;ff

but these= good results reguire a carefully built model and

:al

Lt ’

' ftheory,-n'

FfiSYstems has an excellent chapter 0“ probability and Queuinglff‘

SRR D L
accurate input data. At he early stages_ of design the*-f
.input data is not so rigorously defined and frequentLy the-;ﬁyv;

fW'errors are.such that simulation is no’ better than queuingfy

James Martin (1967) in Design of Real—Time computeri

ffﬁTheory presented as a cookbook approach for a systemsﬁ" -

;fgdesigner having‘baeicftlbebra._ Formulas. tables and curvesh;?;‘




v

\exceeding different .sizes. "

' exponentially distributed._ As there is equal probability of"

this leada tc ‘;;VTJ“?~af'r 1_5?

87

priority and preemptive queues and the probability of. queueS-77 R

_ A ba31c application to ISOS would be_ to answer"the L
questlon : what 1s the probability of needing to interrupt a;

oy
batch Job in order to serv1ce “an. inqu1ry? Assume that the -

ff batch Jobs are a11 WATFOR and that their execution times are‘*

\
inquiry arr1v1ng at any time we can assume that, on :

average, one half of the WATFOR execution remains when_ the 1,i

S

3.,1nquiry arrives..f Let TR equal the time Femaining then weuj

59

_rephrase the question as Wlth an exponential service time'r

having mean oﬁ M/2 seconds what 1s the probability of TR IH‘ |

-[ +. TS/2 where and TS 'ev the? interrupt hold andl°

E

time-slice times respectively.,: Again» due- to the random.:._"

arrival of inquiries we can assume that, on average, there;

: will be 1/2 a. time slice remaining when theg:'need-tofstop

flag is se Define the question as-‘”ﬁﬁ
9¢rn (ra ¥ TS/2)) =10 - EXP ( 2(13 + TS/2)/M) R
If we wish to know what value of IH. will require that onlyV.%‘ﬁm
S% of the WATEOR jobs be interruptep then we get' L | J
P z;.ss =1 - BXP.(=2(IH + Ts/2)/M)
8.5 = -EXP (- 2(IH + TS/2)/M) Ay

%;;692 - 2(f§ * TS/Z)/H R

If we use a'TS L3 0 S.Mseconds vto provide maximumf'service"37;:Q



"disc1p11ne flexibility as. dlscussed in chapter 3 wecget ~x

R
»

R _,.692 2(IH + .25)/1.9
R R

Sy

Hence from 31mole Queuing theory we see’ that} a first L

test value of IH of approx1mate1y 1/2 second 1ndicates that

;no more. than 5% of . the batch Jobs need to be 1nterrUpted

g

- R R
As models and systems become more complex or qg'the
. o

‘"nquestions become more detailed then the development of a

‘ queuing model wxll likely require the serv1ces of person

- many . complex models and there “is. ‘a: chancegjthat«-an-

oY

‘ fapproximation to a given system can be found Chang (1966)

:j‘with a feedback queue., In a system with a fegdback queue

il,EChang (197ﬂ) reviewed a number of singf

th;tabulated their"respect

:service request which is not completed at the end of an

”;jassigned quantum of processing is returned to the queue ito

&

| }fnote that ' the service requests_,areffnot servxced to

"fcompletion in one contiguous amount of processing but raqher

jo fqueuing

_j?fmodéls especially appli?able to terminaL orifntec féystems.

S

discussed many aspects of oomputer"systems uand

88

r’qwhose main intereSt and education are' the field of |

"t;ﬁqueuing theory. On the other hand the literature -containsff

e produced a detailed paper on a 31mple time sharing system r;

o await the assignment of another quantum. lt.is-important to:

s

if-5in a series of Seperate small/amounts. A second article by ,

’“iqueue type, analvsis needed, .vdfffn'



R o Coy . . ‘
. number of servegs_ ) This paper 1s qu1te complex\but 1s a‘
2 .

good example of what to. expedt in the ldterature Other'f

examples -of the practical appllcation of queuing techniques

are_texts by’ Saulj Stimler, Real Time Dadr Pr0cessrnq-l

*Cystems (1969) ‘anq Operating System Pr1nc1ples by Per

, Brinch Hansen (1973) ‘A‘ﬂ. Allen (1975) wrote an exten51ve v

‘ + .
paper on the application of queuing heory to computing

systems. 'The' paper' 1nc1udes the‘fundamentals of queuin943

:theory and a number of worked out xamples.ir.
Hillier and Llebermad (1967) in their book .on -
operations research have a chapter on queuing theory.: They

1nc1ude the formulas and analysis for a number of 51ngle and

'multiple servet models w1th varlous '1nputs and serv1ceaﬂ

»

'distributionsQ They feel that the emphasis has been on the'

' mathematical'-descr1pt1ve theory. and' yhat .is_ needed iis“'

research ’into' the prOper procedures foru usxng queuinq '

theory They devote a chapter to applying :the techn1ques’

'-and work up.. to cost models where cost of serv1ce 1s graphed_‘

¢
vagainst level of service. They feel that such models help a

°ude31gner answer 1mportant quest1ons regarding .the systemaf '

L

,s1ze and structure. R

Martln stressed the use of queuing techniques early fin,'
Jffthe» de51gn phase." U31ng hlS approach a reasonable estimateﬂ--evr
iof the system parameters is possible.z Unfortunately as té£,~

. deSLgn: progresses the system becomes more complex and fromﬂ'

-
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- my experience.many systems designers are not able™ to apply

;queu1ng theory at this lager stage. To aoply.queuing‘theory 1

to a complex system may require s1mp11fy1ng assumptions that

4

}'1nva11date Athe’(results " Chang (1979) drawﬂ attention to

this ﬁact when he states,
| A\
_ Although one may calcu?ate second moments 1n each .
" model - the procedure may not, vyield suff1c1ently
. accurate results because the variance is sensitive
¢ to - the assumptions made for. the simplified.
‘model...For a more detailed analy51s, simulaton

techniques should be used
) L

4

"uthat do not always reflect the reafﬂ wotldrg”'A- paper by

e

99

°ven the- complex models require a set?‘of .assumptions o

Kleinrock '(1968) on t1me—shared processors starts with thei

‘phrase that 1hdicates the extent of 51mp11fy1ng assumptions-
‘Assume both at the @hink time for each 'console
-and  that v_:%p size of each request. are .-
exponentially dls ributed. .. 1 - gquanta- are -
.-, ~assumed to
»J (the t;m\ lost ;ﬁLghanging JObS) 1s assumed to be

2 0.
- zer

-,Most models assume. the exponential 1nterarr1va1 patterns but;

infinitesimal, nd the swap-tim ‘<3

fWalter and Wallace (1967) stud%éd over 10 ﬁﬂﬂ ]ObS from the'b’

Univer51ty of Michlgan Computlng Centre and found that the_,

fiexponential while approx1mately fitting the observed databfi

”'fwas‘l not ‘as .qood as- the hYPerexponential ,curve.~-;Thet~i

,exponential underestimates éhe long Jobs., Coffman and Woody«

'if(1°66) in their analysis of interarrival statistics in time;
"ﬁsharing systems were very critical of the exponentialf

:yassumptlon claiming that =y except sdas;srthej N roughestﬂ

. . . . o .
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néPPrOXimation it was not justified | They f0unddthe biﬁhase

91

" hyperexponential 0 be more satisfactory. f}f@he. .other .

-t :
‘necessary assumptlons needed to develop a. queulng model the-

assumption common' iﬁ‘ models~'is the negllglble system :

'overhead and swap tlme. i‘ItA‘iS‘ well known"that -such

N B

assumptlons are not tenable 1n ‘the real world. Despite' thev

]

| technlque is the best way to get an 1nitlal feel or estlmate

- for the systenh _ gThen 'as"the system form becomes more'

" defined and complex the technlques may need to be abandoned

. in favoyr of 51mu1at on. - Only if accurate _ansﬁeéS"are-

'tneeded and warrant the requlred effort should 51mu1at10n bef

13heaV1ly‘ used communlcatlons 11nes, eSpec1a11y if polllng is

e R ..
attempted.. ' o o S

' James Martin 'States that slmulatlon ,is:’useful' £orA'f

used and for asse551ng the relatlve merlts of_ superv1sor

mechanisms,, eg.-» pagln% schemes, and complex f11e systems."

%”He feels thdt it 1s not worth simulating termlnal systems inﬁb

,most cases.w He feels that 31mulat10n becomes worthwhlle if_‘

’1.accurate results are‘_requlred for complex- systems.with..

'”facility utillzation of over 70%.

In conclusion then, queulng theory 1s extremely useful

| systems design areatshould make queuing theory one of his;

'f3everyday working to 13‘~ ~i

‘-.0‘. 4?f;

iitearly in the vdesign stqﬁe and any analyst working in thehj



'CHAPTER 6 R

" CONCLUSIONS

The conc1u51ons drawn from ‘my théSis research fare

several, due to the varled aspects ahd areas 1nto which I

fdelved.‘ The success or failure of the research depends on

which p01nt of view :is' taken ‘and what expectations my

}superv1sor ‘and J-had for‘the-work.‘
6.1 ISOS Summar} . . |
| ~.The 1nit1al aim of my :7tk was to provide ~an

%

1nteract1ve graphics serv1ce fo more than two hours during ‘

”the main day shift. The goal wasfpto be achieved w1thout

Arequir1ng more main execution memory to be dedlcated to one o

N

service for an extended perlod of the day. h The. techniques N

;-deve10ped nd descrlbed 1n Chapter 3 ?were'-capable [ofw

rfulfllling this goal - Hence one can conclude that the major.gi

'_purpose ~,_f this thesis ~was ‘satisfactorily concluded.vp.'”

'i'However, ISOS was' conceived to operate ;in'fa' particular A

4 :env1ronment, namely ‘the UniverSity of Alberta C°mputing=’“"

Centre ‘with the main computer under the control of OS/MVT.li'd

.’Just when the feasability of Isos was proven the Computinq rf};

‘i'Centre decided to replace OS/MVT by MTS (the Michiganﬂ”

'Terminal System)r : As - MTS fisg.an: overall time-sharingf,_;h

N

e
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,operatxng systetda spec1al purpose evolv1ng system such as
- 1S0S. was redundant and obsolete. From thlS p01nt of v1ew'

the thes1s research produced useless results. ‘:~5 o |

On . the more pos1t1ve 51de one must con1der the overall(

| concept of 1508 espec1a11y as 1t evolved from' a. system to:

:Jigrv1ce graphlcs to a system to: serv1ce rnau1r1es.« In-1ts

- f1nal form the 1nstance of ISOS was de31gned to support SOBF:
;and GRID appllcatlons but the ISOS 1dea and de51gn were,
capable “of serv1ng any 1nquiry programs A partlcular

* feature ,'of 1nqu1ry . processlng‘ ‘was the-~:‘uSe1_rrof
:due—date-schedullng : of: serviée*' rathér ”than- immedlate‘f

| preemptlon of the background \jOb. -'The_ 1onger;7ithe' o
permlsS1b1e _response' tlme; of he: IP the 1ower the‘ISOSr~
fsystem overhead becomes. The/a{m of acceptable rather; than '

! best poss1b1e response tlme_ together wlth good executlon."

:;memory utlllzation was achleved in ISOS. From the pornt of'-.;

N v1ew of the generallty of ISOS 1t can be" seen that there wasVl

T .

"general success and the work was worthwhile. },;

'; Despite the lack of a cohtlnuing need for ISOS at thls_ ;f

: univerSity,..~ff feel thatr the work ‘on the sxmulationf;"

jftechniques, the queulng theory discussion and the detail ion

‘fsystems de81gn h e greatly extended the orxginal alms andff*““

" the! final work mlght prove useful as .au reference for‘l?#f5'4'

‘yfoperating systems design course. The simulation section in

/particular has explored and tested ‘new- techniqueS-qf-$h§§f_7

KRR
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: itua1~ ISOS mddel construct;d u51ng CONSIM 111ustrates the,;-
va11d1ty of the CONSIM approaéhrv From dtheW overall Pview
p01nt ‘then 1 feel that the thesrs\research was worthwhlle}l
and the f1nal document 1llustrates ‘the phases of systems‘
design from concept through theory and hlstory onto analysis'
and. evaluatlonu 1ead1ng ‘to * the final, fru1t10n of a usefuh

_ worklng operatlng system. "The ‘sidev work;,on 51mu1atim1 ?“
illustrates,‘the_ development of. fnewvtechniques‘to solve-a_f

vsystem;deslgnerﬁs needs.;

6. 2 What next? | | |

l An 1nstance of ISOS exists, 1t worksﬁand the.technique91

. are correct but the system has: no current.dlrect use._' Thet
‘ded1gn_ technlques are transferrable to other 51tuat1ons by',

-other de91gners. The simulation of ISOS 111ustrated the‘
| value of the CONSIM approach.b %?NSIM prov1des a mostli
fertile area for future research and development. Thislyf‘
apthor-‘lntends to convert all the CONSIM funCtIOnS to IBM sfe
;’newest APL system, APL/SV. On APL/SV, the new features such, o
;.as interlocked communicatlng terminals may prove usefulﬁ"forp ;.
ffsimulating person to person inte tions.:y‘,rﬂftvt 33\5:~ftf .
' Therefore,ras a frnal summd{iclt must ‘be concludedﬂytnéfL'

.

ISOS successfully served an educational purpose, exploredd

‘)L

: and developed some operating system desxgn’ideps, and gpened N

-z the door to new teehniques for stmulation.. ;.,,“
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IPPENDIX,A;
C© INGUIKY SERVICE OKLENTED SUPERVISOR . - . » -
Master routine, Sublonitor A, and Subsenitor B - ’ : - ’ \

SOucce Code"” Listxngs o ’ o,
KR ﬁica " . ‘ L : ¢
GNANE INITIAL sua,ssn L
L . TH[S $ACHO bAVES RLGISTERS IN SAVE AREA £SA AND. SETS
” - . UP REGISTER ' ERB AS THE DASE REGISTER ) o

CNAME STH - W12, 12(33).

~ BALR GRB,0 . ’ . . . . : . N '
"USING *,tRE . [ S A ’
. . ) T . i

LA 13,650 .

S ST 10,u(13) - R o ) .
~ C e st - 13,8(10) . S - o

' ' MEND : e - .

« A .. TITLE 'INQUIRY SBWWE OBIEKTEL SUPERVISOR'

ASISUPER CSECT - .
T IN;TIAL 12,SAVEY. o .

, 15,INITERN . C : , ,

- | TIT?LE 'INTERRUPT HAHDLEB‘\V R . -
* ‘0.“0“ 1;1533091 PROCESSOR .‘."..‘tt ’ € o -
 }) _INTERRUPT HANDLEW CODE.

‘RETUaN. TO THIS COLE JCLLOHS AN, INITIATIO“ OF A BATCH JQB

7

. A BREAD FROA INREADEE OH REINITIATYON OF Ad p
. _BEXIT OCURRSAHEN AN INCUIRY, INTERRUPT IS KECIEVED
. A BATCH JOB ENDS OF A EHEMD 15 CONMPLETER
‘ 1sruxun1 waxrnmj,icaLxst-xanxsr WALT FOR ONE CF -IBE. EVENTS *
v _ APXER THE WAIT IS SATISFIED BOTH THE WAIT AND pOST BITS .
i A " " .OF THE KON POSTED ECBS ARE SET TO. 0 WHILE raz PCSTED S
* . ECB HAS 1}5 ‘poST BIT SET TO ¥ ... .. R
e . . PECIDE ‘WHICH EVENT 'WAS POSTED R
L - . THEBE 'ARE' 3 BAJOS EVERTS, 1: ‘READ coas 2 BATCH sun, . 5
. 5 3:1KQUIRY, INTERRUPT ) ; :
“TH ‘PSGY, X140 WAS PSG1 pcsrsn?
8C. a.luruAuoz NO, BRANCH - . Lo
~"~p—+ﬁ,v , ch105 CE) ABENDED/ENDBD .
. A . SR . B7, R7 " : ACI
. ic. R7, Psaﬂoa Lo - o -
st B9,PSGY ¢+ IERO’ PSGI
ST n9,ps;u ‘PSA4 1S POSTED xr psG1 s
ST’ R9,P53B4 pSBh ‘IS POSTED IF- PSG1 IS

LA " B14,SCHEDY ?Oﬂ BBIILH IP BATCH EUDED/ABENDED

Co T TBe - AggteuEl)
L et BATCH WOEMAL END CGDE=0

T B BATCH13 " - BATCH ABENED cobi=d.
' B INQIRY1G - INGUIRY ¢ AEEND CODE=8. -
IlTﬂAHDZ S pPSB4, X140 HRS PSBU POSTED (INQ OR IP 2NDED)

BC 1, JNQIRY13 . ' ‘
14 INDECB, X' 40! wts 1 READ COMPLE . N
o BC | 1‘1Iazmnu .4 BEAD .COMPLETE ¢ . e
V- . o ©MNEW Inrxnnupr WAS AN uouxaxbrop AN IP
C .. SB.: n7 7 o . SR
T . 1€ R, INQINT4] cnr post conz rox nzco%xuc -
. B xnrunlnu_- o :
‘.‘IBTHANDJ SR . n1 g7
C b (I INQINT243 nxrancr EOST con! T
R IITnAunu :T ' n INQINT 'A-zzao 1HE 1uo xurzaaupr rcBs
Lok . B9, PI5QINT2 : T

BC- - 15 ooy (81 - : v ..'.. o ol v :
) B? o I“Qla!’1 ) :
’dLLOdI'G TH! lBOVl hOULD BRlUCH rOR BACH I‘QUIB' Jos -

IUREE
_ IwfLIST 'DC - A(RSSY) - . SET UP gﬂ ECB LIST roR THE WAIT -
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!TLL 'HASTER SCHEDULER?
sssessese PUOGRAN ADALNISTRATOR --‘vo'o"
. 'MASTER SCHEDULER

-

. THE SCHEDULING' OF NEW JCEBS ,1urenuuprsn JOBS, AN NEW

.  INQUIRY INTERWUPTS IS DECIDED BY THE USER AND: DED IN
T . THIS BOUTINE G .

. +THIS YEKSION SERVICES PENDING INTERRUPTS o 'INTERRUPTED
. { BATCH JOBS, AND THEN NEw JUSS (ETTHER BATCH c xu001av)‘
- "’ARY PENDINgG xuuuxnx INTERKRUPTS o ~
‘ scuzo1 T4 CINQINT2,X - : :
o BbC Y, IATHAND3 L .
. . . ANY INTERKUPTED BATCH Jogs ' - = .. A% )
' _ . TH.  STATE+7,X'04v ’ -
o .BC 1.thcu12 RBSTARI THE BATCH JOB -
T LI _ NOTHING. PENDING GET NEXT JOU
. - coar nusr FREE EEFORL GETTING THE JOB
) TH - .,CORSTATE, onz TEST 'THE CURE STATE
- BC 1, IHR;ADi COHE. IS FRFE GET THE HEXT JOB .
BAL  B14,CORE1 . BRANCH TO THE ROUTTKE .TO FREE CORE
: "B . _ INREADI . 6er THL NEXT JOB .

A S ZND OF nxsrza SCHEDULER o R

. : : :

. . TYTLE 'BATCH scusnuxza' .
wsdsssesrs PROGRAN Annxnxsrﬁaron sasrnnsne

3
. ! . R ?'scuznuxza OF THE BATCH JOB
« - o HEW BATCH JOB
BATCH10 LA~ BT,4(RT) -
. - o PLACE azoozsw NABE IN vsas
BAL _ R14,SCAN2 - SCAN FCi FEQUESTED SEBVICE
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‘ SR ‘87,87 - < SET Ko SwabIN NEEDED
.. BAML Aa1u SEAP10
BATCH1Y LA BY, 810) szr rua nzaoax<rc nxrca ACTIVE.

' L B1,=F'8Y -

‘'sT ' RY, STATE*H ~ SET BATCH INDICATOR TO ACTIVE

v‘ttt‘ttttt I/O PRQCESSQH SeEsA BB ERS .
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* 4
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) . bh IBROB2 - . -SYSTEM COSTAINS AN INQUIRY #1 REJECT .
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L . B1,=pe8¢ . - L . : - BENE .
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o B . - INTHANDY ' BHAKCH TO INTERHUPT HANDLER .
L .7 " " ENTER HERE T0 TEST, THE fZEMORY STATE,IF -BATCH ACTIVB
L INITIATE INTERRUPTION,If NQT START. seavxcz

. TNQIRY11 TY STATE#7,X* 03" "TEST LATCH STATE _ .
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BAL R14,S¥AP10 - GET THE:INCUIRY JOB IN CORE
POST PSB2 - . RB-EBABLE THE SUBKOKITOR
L Ri,=P's’ : . o
sT ‘B1,STATE+8 'upnxiz snanouxroa¢1 sturs- . . . ) .
) B INTHAND1 )
. - INTEBRUPT. 3 CAUSES: JCB COFPLETB CODE u, JOE ABEND
* . " CODE 4, OB ONLY CURKEST INCUIRQY COMFLETE CODE 0
INQIRY13.TH PSB4+3,X904t . JOB ENDED o L
i ST - R9,PSGYt - " ZERO THE TWO zcas o . ‘. N
gsr' _R9,PSBY N\ : ' Y
B2 SCHED1 "ONLY THE JCURBENT INTEBRUPT COHPLETE 2
ISQIRY14 SR . R4 ,RA * SET MEMORY STATE iDLE ‘ :
. ST 29,STATE+8 SET SUbM 1oao1 =IDLE
B SCHED? o o ‘ . .
ps - or : ] o o - )

) 'I'H'Q'IHOLD DC X'00000064Y ° A HOLD TIME OF ONE’ SEC”
e - .-END OF IUQUIR! #1 SCHEDULER CODE

* .

. TITLE ‘BATCH INTERRUPT BNTOB' -

“'d‘""“ PBCGRAH ‘ADMINISTRATOR #evesssssy

* . . . :
* ‘TWTERRUPT CODE : ; ; o
.. ‘ POR EPPECTIEG THE xumznsuprxon ‘oF BITCH 308S Do
. 0N ENTRY B1 CONTAINS THE DELAY TIAE ron

. . ~ ' INTERRUPTION INITIATICH.

1

INTRPTY. STIMER REAL,INTEPTY,BINTVL=(1) SET UP AN INTE AUPT = HOLD TINE
S WAIT T, PCBLIST=INTRPTLI WAIT 'POR TIMER TO EXPIRE O BATCH BND
TTISER CABCEL. . CANCEL ANY RENAINING TIHER ) _
v T % INTRRTEC < ZERO THE -TIMER ECB -
W 25 psSk4,x'40" . DIDTHE| BMCH 308 END. S - o
. BC . 3, IKTRPT2 ©  .BATCH E4DED . o L : T

‘. stc ' R10,PSA3+3 - SET THEIKEED 10 STOP ans-u. e e
WAIT -1,BC3=PSA4 ~_ WAIT FOR SUEKONITOR TO STOP . .. S

C WYY . PSA4,X*00' . ZEHO THE ECB, = =
INTKPT2 'TH . PSA+3,X104¢ 'WAS IT JOB END OB INTEBRUPT

BC. ' 1, INTRPTA. ~ BEANCH IF INTERRUPT »
. ... BAL . B14,BATCHI} JOBEND " . .. A
INTRPT) bR, 35 : nsrunu F e

L - #5116 1'1’5?1‘4/,!15 )
INTRPTY - STM . 'H1G,RY, TLBEBSAV :};},ﬂﬁi RBGISTERS CBINGEU B! BXIT

. POST: INTRPTEC _INDI@ATE TINER EXRIRED -
CLLE- o #1431, TIHERSAV .
‘BR RIN
.. .. DROP RIS . ... ' ’ R PO
-INTRRTEC DC. . “1F00*: - ECB roa STINER’ EXPIRATIOU AT e
T INTRPTLI.DC ' A(PSA4) 'START OF BCB LIST OF THE WAIT = - /.

2 o - . L : ' : -
U DC U AL3 (INTRRREC) t o o]
EXD OF. THE xurnnaupr ztrzcrog‘ Lo

e



p © . TITLE EORE RANAGRENT ROUTINES'
: ssespseess STORAGE ADNINISTRATOR sevesseres

. el
;. CORE MANAGHENT ROUTINES
\ . \ THE OWLY SUFPERVLSOR BANAGHENT 15 bETHAlH AND ra:éunxu -
. . C THESE ARE NEEDED FOk SWAPPING
- . C .- COREY ISSUES A FREEMAIN 1¢ uETHlINS ISSUED
v ,CORE1 ™ CORSTATE,GOTCORE HAVE ANY GETHAINS EREN ISSUED
: BCH Y4,B1N . MO,BETUBN v
© PHEENAIN  V,A=DYNAHMIC e
o AvI COBSTAT Z¥REECORE UPDATE coaz STJTE
» o BCR 15 RETURN AFPTER FREEING THE CORE -
.- . : . CORE2 ISSUES A GETMAIN POR ALL razz cohz
CORE2 GETHAIN VC, LA=COR£ASK,A=COH£GCT _ s )
© MVI. CORSTATE, GOTCORE* ' o o -
S LTR  B15,R15 - DID GETHAIN WORK :
. DUE TO SUBPOOLS ALLCCATING,FROM ?Hz TOp OF THE
) . . " DYNAMIC AREA THE LENGTH NEEDS TO BE CALCULATED *
N AFTER EACH GETHAIN . . . -
L R1,COREGOT ADDRESS FRCH GETKAIN N
A R1,COREGOT+4 ADLRESS CF TCP OF (OHE -
§ - ° RYV,DYNAMIC ~ ADDRESS.CF sqr?og(gr DYNARIC ’ ¢
ST R1,DYNANIC+4 BCTTOR DYNAHIC T TCP OF CODE
: BCR - 8, T . sy .
o "B gaaonu FALLURE ON GETMAIN i
S . T ©  CORE3 RESETS PROTECTION xzxs ronffhsz
o . o - SPACE AT TCP OF DYNAAIC AREA . -
CORE3J c B9, rnnznsuc(xu) ANY. FREE CORE .
BCR . ja,a1u MO ,RETURN ‘ .
L 81, PREEADDE (RY) T
L R2, FREELENG (R4)! o - -
. sTH BV,R2,COHECHG | .-
R PREEMAIN .V, A¢CPRECHG v '
: S BCR . 15,R14. ' L
COREASK. DC 1 A - mININUY ozouasr
» pC 1F¢150000¢ - TAKE ALL THE COHE THAT IS’ FREE
COREGOT _ DC 1P 0’ , ADDRESS OF ASSIGNED CORE :
- , nC ) AL LI ", LENGTH OF ASSIGNED cons\7;‘v -
" CORBCHG * DC 2F1 0 _ADDR 'MND LENGTH OF CoRE 70 BE FREED

"PREELENG EQU - [ )
' LENGTH OF. FREE CORE POR EATCH

pc . -1pe0?
- DC P10 .. LENGTH OF !3&2 CORE FOR xnouxxx|1
- PEEEADDR EQU- ~ #-4 L .
. pc =~ W0 " ADDRESS or FREE CORE POR BATCH
S pc- . AF'O*. . ADDRESS or FREE CORE- FOR INuUIRYl1
. _CODELENG. EQU- *-4 P S e
. : pc . AFt0r - - [aurca LENGTH IN BLOCKS el
© . . pc - Aptov INQUIRY®1 LENGTH IN BLCCKS :
DYBANIC “DC.  2B*O! ADDBESS AND LENGTH OF DYNAHIC ABE‘:R '(’
" CORSTATE BC ~ X'00' . CORE STATB INDICATOR (INITIALLY = FREE) .
GOTCORE™ EQU . X'FF! * PLAG FOB A GET #MNIN ISSUED
* PHEECORE EQU  X'00¢ _PEAG FOE A razsunru ISSUED ‘ ,
@ . S mp or cons HANAGHENT o : T
.. & [ . A B '» . . . :
R S rxrtz"SiAp ROUTINES' . . R
- t“'.t‘t“ STQRJGB ADHI]ISTR]TOB tt“t"t.t.
e T I ANY SUBAORITOR THAT IS GOING TO DELETE .
R -‘,~-..A . . A LOAD HODULE MUST FIBST FIND THE ADDBBSS
. PR .A¥D LENGTH OF ANY FREEZ AREA - ABOVE :
e o, .00 THE MODULE. . -
“'SWAPERY - STH . 1,12;12(13). " SAVE BEGS ) SN
, ' LR BVLLRIG. e AR e

USING swnpapiint1 BST 511 as "BASE nza

LOAD A SOETASK TCB ADPBESS

rtunragz L R7,TCBSA -
L - R7,132(0, n7)”<Lonn Annazss OF -PAREW rcn
-1. o BB,152(0, m«
KPR LA . BB,B8(0, BBy k8 POINTS 10° nuunx PQE . -
. L 38.0(0,38) .'R8_ POINTS TO THE KEAL puz
| A ; e L B7.O(0;B&)H~f R7 POINTS TO FIRST EBGE .
/ ' . "CR. - B7,88 - ¥ . WAS THERE A raza,xazu e :
’ Y7, BE . SWAREP1B - ‘MO PREE AREA ; BRANCH
T STV R7,¥BQE - " .SAVE ADDRESS or FREE ABEM
1 ° R1,8(0,R7): - GET. THE LENGTH OF FREE ABBI
ST 81,FBQE+H - SAVE LGcru
SNAPBP1A s - n1u,p12,12(n13) : : S I
BCR - ls.gw : ﬁ ‘
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SAAPERIB S - RI1,RD e )
ST R1,FBQE ZERC IN ADDR IF NONE' EREE
ST R1,FUBQE+4 ZEKO 1F NONE FREE
8C 15,S¥APEPTA ® ; : ' o x
: pKROP K11 g o
. . . - SWAPINIT IS CALLED FPROM INITIALIZATION/ |
. . - 7 TERWINATICN CCDE TO SET UP SkAP AUDRESSES
. e : AND DISC ACORESSES OF THE CORE 'INAGES
SWAPINTY BAL ' R14,COREZ SET PHOTECTION KEYS' FOR- SWAP xNxTIAszz
oPEN {SWAPDISC, {OUTPUT)) ) .
LM H14,R15, COREGOT B .
STH ‘B1u,ﬂ15,DYNAHiC SAVE ADDR AND LENGTH or DYNAHXL AREA
LA Bb,4 (0,0}
1 . BR7,NUNSUBS LOAD §7 WITH NUHBER OF SUBHONITOHS
* . 'LOUP INITIALIZES DISC FOR EACH SUBHCNITOR

_SHAPINT2 LA ‘R3,1(0,0) INDICATE CNE LLOCK OUT .
. _BAL  R5,SWAPOUT!: ' . -
NOTE SHAPDISL

ST R1,DISCADDR (R8) DISC ADDRESS CF. SIARI OF LORE IMAGES
S L -~ B3, DYNAMIC+4 LLhGTH OF’ DYNAHIC ABEM

SR~ R2,R2

D . Rz.=r'2oua-. "DETERMINE KUMEER OF DLOCKS ¥ nxuanxu .

L, R2,DYNASIC ADDRESS OF DYNANIC AREA : :

BAL - B5,SWAPOUT3

LA ‘R8,4(0,RB) INCBEHFNT R8 BY 4§

BCT R7,SAAPINT2
‘CLOSE. SWAPDISC |

CEE I IR N AR

BAL- R14,CORE] RELEASE THE CORE USED FOR DISC INITIALIZE
- BR R6 . ) ' : : ) . .
HUNSUBS ‘DC  1P'2! . luuqﬁﬁAor SUBNONITORS IN CURRENT VERSION
: ON ENTRY TO THE -SWAP ROUTINES R7 CONTAINS A CODE uuxcu
e INDICATES WHICH SUBHCNITOR NEEDS TO BE BEOUGHT IN'
- THE BEQUIRED JOB MAY 23E :1N CCHE,OR ON TEE DI5C;
THE CORE MAY CONTAIN: NOTHING OF VALUE,AN quzuauprzo
BATCH JOB,0B AN I CULRY:JOB
o nscrbs CBRE CONTENTS AND. IF SWAP OUT REQUIRED
SWAP10- . ST R14,SWAPRET ~ SAVE PETURN ADDKESS .
LTH By, RM . 1S CORE EMPTY 2?
BZ swupzo. . CORE IS EMPTY BRING NEXT JCB IN
CR - R4,R?T . DOES COBE CONTENTS=iBCUEST
BCE  B,RM° .- YES,RETUBN
* S " SWAP OUT AND POSSEBLY SHIPIN usnnao
"OPBN  {SWAPDISC, (OUTIN))
c B9, NEW (R4) IS THE NEW FLAG = NEW I.E. =0
BC . 7.SWAP11 " KO,OLD CCDE THEREPORE CALCS HOT uzzozn
L . B3,PBQE . ADDRESS CF TOP OF CODE : ‘
.. 5 - B3, DYNAKIC. . ADDBESS OF BOTTOM OF CODE
. SB ‘82, R2 C
D ..~ B2,=F'2048" - R3}. CONTAINS THE hunasa OF 2K HLCCKS e

ST R3,CODELENG (RY)
ST R10,NEW(R4) -  SET NEW FLAG TO OLD I.E. TO 4
o L n1,az,reoz' L o o
© o 'sT 'R1, FREEADDR (R4) o o
ST . R2,FREELENG (hY) w
SWAR1Y POINT ~SWAPDISC,DISCADDR (R4) pcxur TC. NEEDED. pISE - savz AREA

BAL  B14,COREZ" SET DYNAMIC AREA PROTECTLION.KEYS
- ¢ . B3,CODELENG (k4] LOAD THE HUMBER OF BLOCKS TO BE SWAPPED
"BAL ©~ R5,S54APOUT1 - EXECUTE suapour - . .
L a1,=r'u- 3
'ST°  RV,STATE(B4) INDIGATE INTERRUPTED STATUS
SR RY, R4 lHDICATE ENPTY CCRE ~ ~ .
B SWAP3O
SWAP20 - OPEN (SWAPDISC, (xnpur)) SWAPIN ONLY ’ -
" pAL - B14,CORE2 . SET. DYNAMIC AREA PROTELTION KEYS
_SWAP3O .uLTB»"~R7'R7 " . IS A SWAP IN NEEDED iz i 4
: © BC | 8,SWAP4O- NO,RETURK"
LR 84,87 . UP DATE CORE counzuts
POIHTuSHAPDISC.DISCADDB(Hﬂ) POINT pIsc FOR uszuzu conz xnxczs
L “B3,CODELENG (R4) ' - :
BAL  HS5,SWAPINY EXECUTE: sanp T -
L: - BRi,=p'8¢. e

‘ST 1. B1,STATE (R4) - INDICATE ACTIVE 'STATUS
~ BAL R14,CORE] ) BBSET PROTECTIOH KBYS oF. FBEE, HIGH CORZ
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L
.oBC 15 saebao :
SWAPWO  BAL K14, #DRE1 - KESET PROTECTION KEYS ro' ALL nrunnxc Anzk
. ' . ‘ CLUSE THE DATA SET AND KETUKN
SWAPS0  CLOSE SWAPDISC '
. L BY4 5WAPKET  HETBIEVE BETU&N AnnutsJ . .
BR. R4 BETURN : : » Yo .
bs . or - : . R : . L -
NEW. EQU  s-y o 'NEW FLAGS =0 IP N£w CODE, =4 IF OLD
. ‘ ve 17200 NEW FLAG FOR PIRST SUBMONITOH :
-DC T 3p'0* T NEW FLAG FOR SE{OND SUBHONITOR R
* - : . . o .
. . . < ON ENTRY TO SWAPOUTI R3 CUNTAINS THE )
. . " NUNBER OF LLOCKS TO BE WRITTEN QUT ’
SWAPOUTY L - H2,DYNAMIC ADDKESS CF DOTTOM OF CODE
SAAPOUR? WHITE SWAPDECSB, SP,.(Z) KP=E
LHECK,%%}PDLCB : .
: i . ST SWAPDECE  ¢KEO TR LECB FOR’ uEAD/hleE .
. SWAPOUTI 1A “R2,2048 (k2) | IALBEULNT AREA ACDRESS :
. BCT- R3,SHAPOUT2 , . .
BR RS - < RETURN - & .
- SWAPINY L " B2,bYNANIC ADDKESS. ¢F BOTTOM OF tbns -

SWAPIN29f READ SWAPDECB,SF,, (2), HE= B
CHECK SWAPDECB® N

- 39,SWAPDECH  ZREQ TH'

52,2048 (R2J . INCHEMEN

- ’* ’ . .
CECB POR READ/NKITE
AREA ADDRESS

BCT B3, SHAPINZ " IF MOBE EYOCKS TO CONE IN GOTO SHAPIHI
. BR" - RS . RETURY
. .
VSWAPRET DC 1P Qe i RETURN iCDBfSS FROY SWAP ROUTINES
DISCADDR EQU . #*-4 * - | . .
bc ~ ipr0? : _DISL ADDRESS OF ‘BATCH CORE IHAGES
DC -, 1RO DISC ADERESS OF INQUIKY LR CORE IHAGLS

: READ SWAPDECE, SF;SWAPDISC,,2048, NF=L
SUAPDISC DCB , DDNANE=STORSWAP,bLKSIZE=2048, DEVD=DA, DSORG=PSU,BUFNOZ0, C
. KEYLEN= o Lachzzous BACKF=(RP %P, chvu £, zounnaznaoas
4
. R END or SWAP ROUTINES = -
¥ . : .
‘ TITLE ' ISOS . IhITIALIZATION/TBRHINSQYON CODE' . : c .
»"‘0*'*'*‘ FACILITIES AND PEQGRAN ALHINISTRATOR *##ossstre :
. RU=CORE COBTENTS
: R4=0 . EMPTY. . . - _ .
_R4=4" .BATCH o -
B4=8 - INQH#I

SUBNONITOR STATES 0= ana uzluTBRUPTED axAcrIv:
SET THE INPERKUPT EXITS 10 OFF . 2T
- aLAux,spxz CLEARS ANY INIERRUPT EXITS K -
Luxrzun SPIE c . h .
* . L SET COMMOK CONSTANTS IN REGISTERS ' ! .
o SR ‘B9, RY ' A ZERO T : . ; . e
S ;'n1o apryr A FOUR - . . :

. o SET-THE COAE CONTENTS REGISTER TO BHPTY(O)

- . SR - R4,B4 B4 IS A RESERVED REG FOR COME couTEITS
. © . CHANGE BASTERS DISPATCH PRIORITY

. CHAP - =%,'§" - " REDUCE DP BY-)

R »'rnsx PRIORITY - '

.« LA B R 'y

»

L] . 5 . .

LA . .7 LP&I,DP=I; INQUIRY SUBACNITORS -

. B .LP=I,DP=]-1: KASTER MONITOR . .

¢ S LP=1-2 np=$-2- BATSH SUBNONITOR .- e
. .

»

- E@zt .SUBHONITOR STATES TC IDLE I1.Es 10 zazo
ST~ R9,STATEs4 ~ BATCH SUEMCNITOR STATE
: . ST, R9,STATE+*8 B SUBMONITCR STATE : . : Co
. J " CREATE THE suunou;roas EACH IS ATTICHED AS. A “SUB TASK °
. " LA BIV,ABENDSA’  SET qun11 roa ACDRESSING IN AGo
- © . BAL  B14,AGO0 .
S LA R11,ABENDSB szr e n11 ron ADDRESSI!G IN BGO
BAL . 'R14,BGO
THERE ULD. BE Y sxaxtaa BAL POR zacu sua
. MONITOH CREATED
ALL SUB. MONITORS AHE CREATED Aun RE

o INITIALIZE THE SWAR HQUTINE
BAL  R6,SWAPINT1  INITIALIZE THE SWAP :gbm{:zs

LR 2 2R

.
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T e i C coro TO . anur HEAD!R 10 RETHIEVE PIRST.JOB .
B . INREAD1 : : S ' :
. i rzxnxnarxuu 0F 150§ . : .
NOJUBS . TN ‘SrAT2011 XVFF! IS INQUIRY 9% IDLE - s
. © ST §Y, INDLCD ‘LERO THE AEAD DECH .
X BC ' T, INTHANDY INQUIKY #1 KOT XDLE AWAIT AN INTERRUPT
- _ABEND 1112 ©ALL SUB. HONITOKS 1DLE AND. INPUT ENPTY
T O , -~
o _ f'\TITLB_'lBEHD/lTTACH nourxnps fOR huunouxrons" L ’ Y
* : b : . :
s SUBMONITOR ABEND ANC ATTACHVROUTISES_ 1 :
e ... - THIS CODE IS ENTEKED. TO. INITIALLY CKEATE THE SUBMONITORS
SR XD TO DETACH AND. RE-ATTACH THEM WHEN THEY ABEND ‘
- . ABENDSA STM  14,12,12(13) STAKT CODL EOR SUb HONITOR A “(BATCH) N
“ " LR av1,a15 kST BASE REGISTER . :
. . . USING ABENDSA,R11 . )
LB B1Q,R13 . SET UP SAVE AREAS AND CHAIN THEM .
LA B13,B‘1‘XBSA\/ . T . Y , .
o ST R10,4 (R13) STl e
4 ST R13,81K10) ‘ . e
CLI - ATTACHA,X'FF' DIC ABENC CCCUR.DURING AN ATTACH
BNE = ABENDSA? * 'NO,THEREPORE CONTINUE
ABEND 1115,DUKP | ABEND AND FIND CAUSE
. ON ABEND op’sunrnsx A ENTER HLRE FRCH S/360 »
. ABENDSAY DETACH TCBESA. ~ DETACH THE TCB THAT AEEHDLD
y . o BAL  R14,AGO. . RE-ATTACH . S _
: L R1,ADDRPSAY . ,'
" POST - (1) ,4 . NOTIFICATXQN OF SUBMCNITOK A ABEND
L . . BY,ADDAPSG) L o
POST (1) ,4 © NOTIEY INTRRUPT HANDLER. CP ABEND
L . B13,4(R13) IR o = -
<, BETURN.{14,12) o . : R .
L4 : ATTACH SUDMONLTOR A L -
AGO, BVI  ATTACHA,X'FF' SET THE ATTACH ELAG GK :
A A a7,ADDaps@1 a : : BN i
SR RI,R1 © A ZERO POR NEXT INST. AND FOR TCB IDDR
. ST B1,0(0,87) ZBRO THE ECE AT PSA)
- . © “ATTACH EP=SU3A,LPNOD=2, DENOD=-1, ETXR=ABBNDSA p;ann-(9511 psaz c
‘ PSA3,PSA4, 95A5,9561 bHAP£P1)
st R1, TcasA o :
WAl 1 ECB=PSA1 WALT FOB NOTIYICATIOH THAT sus A IS 'READY
‘ﬂVI ITTACHA X*00" SET ATTACH FLAG OFF o »
: BR .~ R4 L S Loy
_ ADDRPSA1.DC ~ A(PSA1) o : S e -
ADDRPSA4 DC - . A(PSAY). o - :
ADDAPSG1 'DC" A{PSGY) -~ .~ - : o e
. ATTACHA -DC ~ X*00' - “ ATTACH FLAG s
oo - . brop R ‘ _
-? . ABENDSB ST#  14,12,12(13) . START CODE_ FOR.SUB nonxrou B (INQUIRY $1)
. s . LR RIV,R1S - EST BASE REGISTEH ]
USING ABENDSB,R11 : . o
LR - RY0,R1Y . * SET OP SAVE AREAS AND CHAIN THEN
LA B13,ETXRSAV ' Y :
- .+ - ST R10,4 (R13) ™
. s ST ' R13,3(’R10) o
CLI, ATTACHB,X‘FF" DID ABEND CCCUR Dunxuc AN ATTACH
BNE  ABENDSBY . - NO,THEBEFORE CONTINUE
.  ABEND 1115,DUNP. ABEND AND. FIND CAUSE - .
s : ON ABEND OF SUBTASK B ENTEE HERE FRON 5/360°
ABENDSB1 DETACH.TCDSB - .DETACH THE TCB THAT ABBhDhD .
’ _.BAL - B14,BGO" . . as—lrtaca -
L a1,nnnapsau : ' o
POST - (1) ,4 - uorIrxcxtxou ct suancuxron B ABEND
Lo s1,nocapsc1 : .
BOST (1).8 uuorxrr xuraxupr HANDLER OF ABEWD -
L R13,4(R13) Lo R . o :
R "RETURN 1u 12) L
LI T ATTACH suanouxrox ‘B.

" ATTACHB,X'FF' SET THE nrracn riae v
 ’7,MDDEPSBT - i
o - SR B1,B1 - A ZERO roa ¥EXT INS ..AND FOR TCB Anna
PR A $T  R1,0(0,R7) . . ZEHO THE ECB AT PS3f
: _ ATTACH EP=SUBB,LPNOD=0,DPHOT=¢1, sTxn-Ae,unsa,PAnAh-(psa1 esaz ¢
.. a. PSBI,PSBW,PSBS, pss» TNQIST, 1y9 lrz,sulpxp1)
. ST BT, TCBSB -

L

.z% B ‘.] ‘; .Jt;?‘“ : n‘i\sgL



: : A - / ’105

" _WAIT . 1,ECB=PSB1 ~ wWAIT FOB NOTIFICATION THAT SUB B IS READY ~
nvI ATTACHB,I 00' SET ATTALH FLAG OFF } ‘
bR R14 . .
ADDLPSHBT DC A {PSB1) "
T ADURPIBY DC. T A(PSuY) - ) . N L
ADDDPSGY DC A(PSG1) . ! P ) ’ oo
ATTACHB DC. X'00' & Y ATTACH FLAG :
, DROP - R11 ' . -
. THEKE WOULD az A sxnxLAh aour:nz FOB zncu UB MONITOR 4
e ‘.7 . _END OF ABEND/ATTACH aourxuzs . . ;
" TITLE 'INPUT READER' ~ ' - f‘
s600% 0SSN 1/0 PRQCESSOR “0.‘.‘... oL T
. : . INPUT READER CODE - . .
LI THE PIAST CAKD IS KETRIEVED usxnc l 'BEAD' IN CASE ) BN
. ’ C THERE IS A WAIT FOk THE NEXT JOB.. S : :
. * 1S THE INPUT DATA SET CPEN? IF hOT Tnzu CPEN xr -
INBEADT CLI  INPUT,OPENPLAG ) . .
) - BE . INREADJ . DATA SET IS OPEN - T e
- "OPEN (BEADER, (INPUT))~OPEN ThE INRUT DATA SET
* LA .  B3,BEADER ADDR TO CHECK THE OPEN )
/ USING IHADCB, 83 ) : ) . o N - s
ST "DcaorLcs X¥10' TEST BIT 3 POR SUCCESSFUL OPEN ) o .
DROP . R3 B . T Y
HZ -  ERHORY - ophu ‘FAILED’ - \
. . MVI  INPUT,OPENFLAG SET. THE. OPZN rLlc :OPEN
INREAD3 ‘READ INLECB,SF, ME=E .
e B INTHANpl AFTER I1SSUING THE REAt ‘G0 T0 THE h
L . ° . +INTERRUPT HANDLER TO AWAJIT EITHEK THE END OP THE
* T 2EAD OB AN INQUIRY INTESRAOPT . ‘ Lo
‘. C BEAD CONPLETE TEST ITS SUCCESS '~ '~ : )

INREADY TA-  IKDECB,X'QF'  DID REAL CCHPLETE NOEHALLY
- BC 14, ERROR . 'NO,BKANCH TO ERBOR . KOUTIKES
ST B9, INDEC " "ZERC THE ECP FOB NEIXT USE
H B

* v ‘CECODE THE *JO8'-AKD 'EXEC' CARDS
INREAD2 LA R11,MSGARELX ADDR FOR IKPUT,COMMON AREA WITH LIST
S CLE, 0(2,811),=CL2*'$$* IS IT A $3 CARD .
- BEE  IMBEAD3: - 1P NOT IGKORE ANC GET NEXT CAiD - -
s . TO ALLOW FOR SONE ERROR IN *JOB' AND "EXEQ' CAEDS A . |
. . _ SCA¥ HOUTINE LOOKS FOE THE NEEDED -DATA, ‘BLANKS ARE USED
» ' A5 DELINITERS. HOPEFULLY THIS REDUCES THE NUMBER OF | ‘
L N  BEJECTED J0BS DUE TC SLIGHT 'JCL TYPE' ERHORS :
o LA - B7,2(R1Y) START OF 'CARD SCAN-
LA 58,10(a11) "EMD OF CARD] SCAN
BAL . B14,SCAN2 BRALCH TC SCAN.PIND uouaLAuK APTEE BLANK
©LTB :B15,B15 .. 1S BETUBM CODE =0, I.E. SUCCESS . . W
. BKZ  INREAD3 NO,GET THE NEXT CARD S .
IR I T ) J0B- CAED FORNAT: 35%%4 Jop ssves’
» ¢l 0(3,R7),=CL3'JOB' 1S IT A JOB CARD . o
BNE INREAD] .. NOT A 'JOE* CARD GET NEXT CARD
s LT | ©1J0B' CARD FOUND LIST IT'IF DESIRED
’ LA B1,84(0) SET UP MESSAGE LENGTH .
: .~ BAL a1u LIST - "LOG THE MESSAGE - " .
. ERRER 100K FOR EXEC'. CARD AND REQUESTED PACILITY - v .

" READ INLECS,SE, nrsz
- CHECK INDECB Lo ;:1 R
ST R9,I¥DECB RIS T

cLc 0(2 R11),-CL2‘$$9/ xs IT 188 ‘CARD . ) S :
BME = IMEKROR1 ‘ . A S .
S LA - BT,2(B1Y) ’ e R L Lo
7 LA zaa.704311) . L R
" BAL - RI&,SCAK2 SCAN IOR THE WORD EXEC - - . I C
LT8 . R15,315 IS RETURN CODE =0, I.E. SUCCESS ' N
"BNZ - INEBROR2 ' MO NON-BLANK ON.THE CARD .

TeLe  0(u, a71,-cLu'zxzc' 1S THE NON. 'BLANK "EXEC
BKB . INEBRRORI -~ .- - =

. . LA RT,U4(BT) - o
) *Oo-ct‘t-t PAcxzxrzzs ADNINISTRATOR. -tttnc-cvt 0
‘ BAL  -R14,SCAN2 °  LOOK FOa THE BEQUESTED EACILITY :
VLR B15,a15. . . - IS KETURM CODE =0, I.E. SUCCESS _ :
" BWZ . IMERBOR4 . -NO FACILITY SEQUESTED L
cLc ' 044,R7),=CLA'SOBR’ - IS SCBF THE nzouzsr:n FACILITY
' BE - "WATCHI0 °

i i LoV THE INQUIRY COD! BLOCKS ‘ARE" HUHBERZD 10 20.30...BTC
fﬂ, 'f' THE SEQUEICZ OF LLC/BE HOULD BE REPElTED POl EACH
' . TACILITY. OFFERRED , T ,

.o

N
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. CLC O(4,i?),=CLU'GHID' 15 GuID THE HEQUESTED FACILITY g
BE. - . INQIKY1D
" INE®MORY . THE HECUESTED rxchxrr 1s Nof“suppoafzn
L INPUT REACEN. ERNOR KOUTINES
. SECUND CAHD HAS O 33
INERHORY LA - &7,ERBNOTED
. B | IDERKON
. o C¥ A SEARCH FOR uou BLANKS ONLY' BLAuxs rouun
-INERKOB2Z LA ~ RI,LHENCTE2" . ] L . :
B ‘ISER&OR o i G
» S © . YEXECY NCT FOPND ON SECOND CARD.
INLRROE3 LA - K7,ERRNOTE] ) L : : :
: B IXERKOR - : B
. . LON SUPPORTED FACILITY nnouzsrru .
. INBHRORY LA 'a7,ERRNOTE4 I i .
. I\zaaca S B . T S
INLRKOBS LA "%7,Z3RNOTES - ; ) T \\\\
. B INEKROR N : o
,'xuzasoa nve HaacaaEAoaO(la).O(sv) nOVE\ I n2523c£
LA RY,102(0) SET UP NESSAGE-LEANG : .
‘BAL nlu LIST = LOG THE TOTAL MESSAGE e
B I&READI Tt LOOK FCR THE KEXT JOB o
ERRNOTEY DC (CL18*KO $$ ON 2N CARD' ) S . .
ERRNOTE2 DT CL18YNON BLANKS MISSING!. T » o b

ERRNOTERDC - CL18'ELEC-NOT 2§D WOED' . oL RO
ERRNOTEL "DC CL18* NO/INVALID FACILITY® . no :
ERAZNOTES DC CL18'NO SERVICE "WEQUEST*
INPUT be Xt00y STATE OF INPUT DATA ssx (IKITIALLX CLOSED)
OPENFLAG EQU X'FE! .
CLOSEPLG EQU  X'00°" )

. READ * INTCECB,SF,BEADER, 5sclaza,80 KE=L . ’
- READER . DC3 DDNANE=FTOSFQ0 1 DSORG=P$ LRECL=80,BLKSIZE= 80 BBcFu:P, C
: S . EODAD=NOJOQBS,NACHF= (b),CEVD=BA BUENO=T
END oF INPUT READER Rouxxxs

-

be

TITLE. *SEAN ROUTINE! S SR » K o .
- .. SCAN ROUTINE . : " : RN
ON "ENTRY B7 CONTAINS THE srnnrxuc ADCRESS POR SCAN
» “AND B8 THE LIMIT ADDIESS. . "SCAN LOOKS FOB THE. - T
. 1¥T HONBLANK AFTER A -ELANK AND RETURNS THE ADDRESS Iy 87
s "BRTER AT SCAN1"IF AN INCHZMENT NFEDED BEFORE SCAN START
» ENFER AT SCAR2 IF LOCKING FOSE A ELANK THEN A NQONBLANK
. "ZNEER AT SCAN3 IF INITIAL INCREMENT NEEDEC AND LOOKING o
LRI - POM NOWELAWK. - B15%0 ‘If SUCCESS AND=4 IF FAILUBB. . el
‘SCAN1 LA 37,17 . START OF ELANK SEARCH o . o
' CR 87,B8 . - . CAN SCAN CONTINUE ~ .. ‘ o -
.. .. bH SCANY . LINIT ADCRESS CF SCAN asncnsn srop scauﬂ\ e
SCANZ . CLI - -0(R7),X*40' ‘LOOK §OH A -ELANK _ { )
. . .  BNE  .SCANI ‘...  NOT A BLANK YHEREFORE LOOK AGAIN : N
. SCAB3"" LA " 37,1(R7) '\ START NON BLANK SEARCH e
= . "CR- ' &71,R8 - - .CHECK LIKIT , el o
BE . SCAK4 . USTOP LINIT BEAQRED . 1»f\“ SRR g
CLI .- 0(B7),X*40* 15 IT A BLANK 7 S
BE . SCAR3 " .- YES ' LOOK AGAIN
, LA 218%0 : sz: ssroau CODE ?oR ‘NON BLANK rouun
- ©BR ~ R4 . o
SCANG. LA RIS,N str nsruau POR LIuIT nzncuzn DUIIIG SCAN
.. . _BR- R4 - R . . S :
.o " EMD OF scaM aourzua S " o T
'Y N . - . R P 1 i
. SR o . o :
- & TITLE hnlsr ROUTINE!
s -~ LIST ROUTINE
L I, . THIS ROUTINE UTILIZE§ AN BXECUTE roua OF A WTL
LIST - 'STH - R1,MESSAGE - &Y courntus THE LENGTH44
T UWTL -\1:-(5 NESSAGE) : o S :
v BE  -pte azxunu G ’, T
NESSAGE WEL 1 ¢ oAESL _ A ';“/ SE T SR
‘HSGAKEA EQU - &<t R ; '
Ds  .cLt00 - . SET up ruz AcTuiL nzssncz IEBl
SR END or LIST Rourxnz S : .
Y TR . EA -
“ ,' BN
g
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TITLE *SPOOLING ROUTINE®
.oooa)otttt 1/0 pRQcEDSoi (XX YT 22 L)
iy

L]

* T : ' START CF GENEKAL “SPCOLING ROUTINE.

. s o~ .| ~ON ENTHY 47 INCICATES WHO [0 SPCOL AND

. : B8 CONTAINS THL HAKLINUM NURBEK" oF FILES
. : TO BE SPOULED.

’ T ‘ . * AN 'R? = 0 INDICATLS INCUIRY )
SPOOLER  STM . 14,13,SUBSAVE

LA R}, spooL R : e
USING IHADCB,RB3 : - . '
L. §7,FILENANS (R7) o -
.t BAL . BY4,SETDCH - SET UP THE. DCB 70 HANDLE WEXT DATA SET
KEAD1 - BEAD fxuczca,sy,ar E L a
: CHECK "INDECB
+- ST~ R9Y,INDECB
SCLC . 0(1 n11),-CL2'sz'~‘xs IT A : CAKD
: BNE - READ1 * GARBAGE OR $ CARD SISSING TRY NEXT
'.uzxrrxtz cLé 1 (u;R11),0(R7) CECICE FILE NAME °
.. BNE  EMPTY THE EXPECTED DATA 'SET XOT NAHED
L | THEGE IS POSSIBLY -DATA FOR THE NEXT DATA SET .- . .
* . ' REWIND THE DATA SET AND WHITE CUT THE CARD TAAGES . ’ .
: . HAL - R14,CLOSER e » o - S
- BAL ,- R14,0PENFILE [ ) ‘ . I
AGAIN ~ READ IMCECB,SF,MF=E ° L R
: - CHECK INDECB CeT o R
: ©ST ° R9,INDECH ‘“ '
cLC . 0(1 R11),=CL2'$5* IS IT A'$ cAD . (;—:% .
BE BHCFILE - NBXT DATA SET STARTING ©OR END OF L NE
B PUT  SPOOL, (R11)  CARD WRITTEN TC APPROPRIATE DATA SET
S B AGAIN
. CLOSER ~ CLOSE. (SPOOL, RERBID) CLOSE THE DATA SET kIIH BBBEAD oo
» © BB . RI& ‘ .
ENDFILE ‘BAL  B14,CLOSER. cnosz DATI SET WITH A uzaznn R
Lo B, E#PTY2 - : o
EMPTY CLOSE (SPOOL,LELVE) EMPTY DlTl SET. chsz WITH Kk LEAVE -
" EMPTY2 LA < B7,8(RT). - - INCHESENT. POINTER FOR DATA SET NAMES
S scr /RB,*#B " ANY MCRE DATA SETS TO CHECK :
: SPOOLEND - ‘ALL DATA SETS: PAOCCESSED
_ BAL _R14,SETDCB '~ HORE DATA SETS  RESET THE DCB
. B "NEXTFILE - . o R
: SPOOLE&D BN 14,13, SUBSAVB TR S -
: . BR pla - S !

' SEfI‘-DCB .LH . BROLR1 0(&7—) ’ GE'].‘ NAXE OF NEXT PILE .
: STH - RO,R1,DCBDDNAM. IJISERT NIHE IN DDNAJE PIELD OF DCB
' OPENPILL ‘OPEN  (SPOOL, (OUTPUT)) . . ;

"~ BR - R4 . § :
FILES1 . DC - CLB* Ponraan ' INQUXRY " (anpuxcs; %ILB uauxs ;
.- . 7°pc . cLB8'OBJECT - . e

. BERRS | -R CLB!PIOJPOO1' SRR o : Coe :

FILENANS BQU = ¢ -~ .. -~ . Ce o
INQIPILE DC A(FILESY) . -
. ‘ o ruznz wOULD BE AN ADDBESS ©C FOR BACH JOB

x A ' " REQUIHING spooxxuc ANG A nn cnnn POR- EACH
: . FILE BARE LISTED"
"SUBSAVE DC . 16?'0' . ' o
‘seooL ncs ' axnsxzz-ao,nnunus«roxtnau DEVD-DA,DSCRG-PS LBECL-BO, R O
R . BACHP=PH,RECPHsF,BUFNO=1. e T
s © . END.OF SPOOLING aou:xuz ; : v _ w
T TITLE 'cxﬁzsax EFROR’ aouxxnzs" Sel e ..' S
S 277 GEMERAL -ERROR' ROUTINES LT ' S o
®. .. 7 ALL ERROR MESSAGES- (xnnusc) ARE or L!NGTB 30 )
* ;EBRORY. LA -1 ‘&7, zaxasal,: AR L L
oL LB nnonprl : “,,‘ Lt i e v ‘; S N
‘BRRORZ - LA n7,;aaascz - Loa S
T, LA RS, xunznn1 SET UP TBE nzrunu Anon roR ruxs znaon .

S B zanonvrz : : S
- ERRORY  .TH’ xnneca.x'01! I THE DATA SET END? :
: 4BC:  1,N0J0BS .~ .YES,GO 1IC. EKD OF DATA. szr nou:xnz
s ‘LA 7,ERRASGY ... TNRUT BEAD QxxL ' o ,
A . B. s 'EREORPTY - ' . ERT . e el »
ERROBE" LA - n7,zanascb-g’ ]ij_ T R L I RN
Do B ERBORPTY . N ; T RIS S
-ERROBS 1A' 7, zanuscs'vf R AT A U e Lo e
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. 8 .~ ERRORPTL

ERRMSGl DC . CL30*DPEN FAILED ON INPUT® -

JERRMSG2 DC  CL3Q*TROUIRY#1 ALREADY [N SYSTEM®

“ERRMSG3 DC . CL30"INPUT READ FAILED® .

_ERRMSGA DC @L30'GET MAIN IN CORE MGNT FAILED®

ERRMSGS 'DC CL30*END DF DATA DURING A SWAP'
. ERRORPTL SR RB,R8 INDICATE NO.RETURN AFTER ERRUR PRDCE{EED
. _ERRORPT2 MVC . ERRORPT3+425(30),0(R7) MOVE_ IN THE ERROR MESSAGE
 ERRORPT3 WwT¥L - 'GENERAL ERRDR T v

: - LTR ° R8,R8 .. DECIDE- NEXT ACTION [ABEND OR RETURN)

i .7 - BCR  TsRE . . NON ZERO THEREFORE RETURN '
.- ERRORPTA ABEND 2000,0UMP NONRECOVERABLE ERROR. ABEND supsav:soa

* Ce :
. . ’ END, OF ERROR ROUT!NES

¢ ¢
Lo TITLE, 'HISCELANEUUS DEFINT ous-

TCBSA ' DC VF'0' . . TCB ADDRESS SAVE AREA - .

TeBSB OC . LF'O'- TCB ADODRESS SAVE AREA s

SAVEl ~ DC ~1BFTO';r .

ETXRSAY DC  1BF*0' . A save AREA FOR -ABEND RDUTINES -

INOINY ~DC_ “LF'0' PRIMARY INQUIRY INTERRUPT ECB

INQINT2. DC ~ 1F¥0* - ..¢ ssco ARY, INOUXRY INTERRUP T ece
“LPSAL . DC . PFYOY. SR

PSAZ - DC " AF%OYT 0 T e
. PSA3 -.DC,  MFvOYC .. o o S o .
"PSA4 - DC . 1F*0Q° R : S .

PSAS. DG~ - 1F'0* = : - '

.. 'PSBL~ 0OC . -1F'O S T v el T
- PSB2 . DC 1FtOY A P A
" PSB3 - OC 1Feot C AT ' - SRR

PSB4 ~ DC .. LF'O* . ; v e - FRCI
PS8BS - DC . . 1F'0". T A ‘ - *‘s\\_*
pSEl pC . ClF*OY . : IR o S\
TIMERSAV DC 4Ft0* A SAVE AREA FOR-TIMER EXIT5 - . o
- FBOE- . OC - (2FTOY FREECORE PARAMETER SAVE AREA '
CUCTATE  EQU -4 oo S
ST o pe o 1Frer BATCH STATE WORD
Sk DC  LFt0t. *.lNﬂUlRYll svare unuo
“ RO “EQU 0 L P r
© R EoU 1 5
LR2 CEQU 2. :
R3O CEQU 3T \'jf;,
“R& - EQU &
RS . EQU -5
OR& UEQU 6 - -
CRTLe T EQUT :
R8 CEQUI -8 ' g
CR9 . EQU 9 - .
R10T T EQU 10 : -
CUTRLE T EQU AR :
Lo REZ O EQUTL 12 ‘
CUURYA D EQUS 18- v - f44.;{f T e S _
RIS EQU - 1S G T e B e
et e DEBD osoas-ns.osvo-ua .. "SET-'UP DUMMY OCB FOR SPOOL - -
S END ; Dl T T e
' . N ‘
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.-LOAD

l 3

sra

§§1?JXB

‘BAL 14, RESET

’ B JOBbTART o -
'vtttt*ttt TINRE ADSINISTRATOR' ttttttcaot’

-1‘T1R sTH W, 11,)2(13)

LR R11,B15
USING TXR,R11

T ;Eo,n1;o(a9)'

[ SUBMONITOR A o : -
S PACRO co o
LNAME PURGE CLIST LIST ALDR
ENAME IHJINNRA  BELIST - LOAD -KEG 1
C sVg_ 16 _ISSUL SVC FOR PURGE
“MEND ) . v E Lot
: . KACRO :
ENANE KESTORE ~ &LIST.
GNANE . IHBINBRA . ELIST LOAD REG 1
. sve. 17 xssuz SVC FOR n£s1ona
. MEND-
. MACHO : .
ENANE ©  INITIAL €RB,ESA
.t . THIS MACHO su&xs REGISTERS IN SAVE lREA 6SA AND SETS
- : UP' 'REGISTER ¢ ERB AS THE BASE Rscxsxsa . “ '
ENAME _  STN 14,12,12(13) L -
- iBALR ’qaa,o1- . .
USING ,ERB ) ¢
© LR 10,13 / .
LA . 13,E5h
ST .7 10,4(13)
ST 13,8(10) .,
L KEND .
MONA - CSECT - ; T o
© - 7T1TEE 'SUBMONITOR A 1aarca)1cgnz! B R
- §UBA JONITIAL 12,SAVESAT - .
- " LM 3,9,0(H " LOAD REGS WITH AUDHS or THE . pnaus
. : . PSA$ . 1 2.~ 3 & 5 G
.- BEG 1 3 4 5.6 - 7 B
- | B9 CONTAINS THE ADDR CF. SWAPEPY ~.
L ! B2 CONTAINS COMPILEK STATE ‘ .
L . o O-Loanzn 4=NCT - LGADED -
L ; ¢RI, SHAPADA .
B srn 4,7,PSAS .pnss PSA 2,3,4, 5 Annazsszs IO TXR
. SR . n1o R10 A ZEKO .
. T POST ECB .AT PSAY -~
POST " (3) 0 BATCH SUBMCNITCR. READY TO.-ACCEPT JCBS
L WAIT .ON ECB AT PSAS (u;u JOB) -
ssessssass PACILITIES ADHINISTRATOR PRERORRENS
NEX1JOBA- WALT " 1, zcs=?ﬁ) . PSAS
. o DECUDE" THE bERVICB
LA - T B2,8 . SET coaPILsa STATE TO NOT LOADED
Lk - R9,SERVICES-8B . e
L 21, XUNOPTS
\ Lo 111,010,37)’ THE PSAS COHPLETION CODE WAS asounsr ADDR
L o UST. R10,0(0,R7). ~~ ZERQ -THE ECE FOR NEXT USE
“EHECK ™ LA.ﬂ,_a9,8(a9) "INCAREMENT THE PCIAMTER IC THE snavxczs
o S CLC . 0(4, a11).0(R9) coapnnz azoussr TO OFFERRINGS - .
© BE . - LOADCOBP % = &
,scr R1,CHECK IF MORE oprxous Ltrr,cnacx.raan-
B i JOBENDAZ - e ‘ v B
- LQADCOMP -

‘R0, RY,CONPILER .
o PLOC=COMPILER }
L ST L BO ENTRY : o ) L
: SET THE COHPIL!E STATE TO LOfb !IECUT!D

FOR lDDR!SSI’G

START OF STIMER EXIT ROUTIHZ

!BST 3!1 AS A BASE RBGISTEB

cow <

LR 10,13 .
;é 13, SAVESA2
rw TU0,8013) } 7 . o
ST 13,8(10) CoT e T N
. La I ., 7 PSAS - LOAD PSA ADDRESSES (2 3‘&»5)
SR I10 5 [ K
S 16 niO;J(OsRSrsv'zxancx ruz uzso 1o0. sTop. PLAG
BC = 15,%¢4 (R10) IF =0 couwxuua ~I¥w4 STOP
BC” - - SR

15,CONTINGE

‘109
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9,0(0,5) CLEAE OUT THE SUBA NEED TO STOP FLAG

ST
pURGE upPLIST
LTR  H2,k2
BC 7, TXR2
L - #15,5WAPADA
BALE  RI4,R15
. BAL  R14,COMPDEL
TXR2 - . SPTE ~ . . .
: ST .RY,OLDPICAA
POST . (6) ,4
. . N
.  WAIT_ -1, ECis= (4)
. CST  XH9,0(0,Y4)
HESTOHRE -IRITLINK
: R R1, LDPICAA
: LTR :'R1,RT
_ BC- -a CONTINUE
_ - SPIE mP=(E, (V)
“CONTINUE BAL ~ 14 ,RESET
L 13,4(13),

_RETURN (14,12)

"RESET = STX

14,1,12(13)

CRETURN - (14, 1)
DROP R11: -

PSAS e

ur-oi
_B15,ENTRY
C I8, 15

CHECK STATE OF LOAD.

- SAVE OLD PICA ADLRESS .
. POST HAVE STOPPED ECE I.E. PSA4

WAIT FCR RESTART
psA 2 , o
ZERO THE ECB e

LOAD CLD PLCA ADLCHESS

WAS THERE AN OLD PICA
NO,5KIP KESTORE
RESTORE OLD PICA

'STIMEK TASK,TXH,BINTVL=SUEACNE -

ADDRESSES DP'PSA 234§

JonsTART L} v o
BANR
;.-..:...c PACILITIES Annxnxsranroa srnssbnnns

JOUENDAY TTINER CARCEL

-pig}.'.,;gp'

<

CANCEL THE TIKE SLICER.

CLEIB OUT ANY INTEBRUPT EXIT lDDBBSSBS

SPIE
LTR  H2,R2 ~IF COHPILEB LOAB!D DBLETE ELSE JGBEHD
.BC, 7,J0BENDA2 - - ‘ .
S BAL: 'n1u,convn£L ) . . ’
:JOBENDA2- POST ~ (6) ,0 - - POST HAV! s:ovgzn-;n CASE WE HAD REQUEST
o Posr T (8).,0° ’ POSTAJOB'CCHPLETE zca (9551) o=sxulsuzo
o B NEXTJOBA
L nxx:rz A CCHPILER IF IT HAS stu LOADBD
* COMPDEL DZLETB zyLoc-couprsn oo
L H2,4 (0, 0) . szr B2 -TO uo LOAB
. ©_BR R4
. SAVESA2 = DC 18rtQ
SAVESA) BC 18P0 .
ENTRY | ol \ar'o' HAII STORAGB ADDR .OF lOAD HODULB zura! POINT
.7t ps y OF
‘STUBAONE . DC.. x'ooooooaz' ous HALE SBCOhD snanoqxwoa 'A' TINE snttt
SYAPADA DC . T1BfQY .. " ADDX GP"SWAPEP1 ROUTINE rxuos coaz Bouuns
KUNOPTS ' DC’ 1p5 .. WUMBER 0F SERVICES CFFERED -
CONPILEE .DC.-  ~2P'Q? ; uzzosn acDULz NAMES ,
‘.sanvxcss DC  CLH'WATFOR * =, . ) . ‘ ’
S . DE . . CL8'SALT R
. "pc . CLB'PUNCH ' .
- be CL8*PRINT.  *° . . '
. "DC .. CLB'PRTPCH " '
INITLINK DC 1Pt - Poxutzn 10 xuxrxan zoa ron BESTORE
OLDPICAA oc © L1BY0Y SAVE OF ADDRESS OF CLD PICA
- ps . OF . ALLIGN UPPLIST ON’ FULLWORD
‘~UPPLIST DC_ . BL1400000170% ° ‘OPTIONS FOR PURGE
. .ne AL3.00) - DEB ADDE - (ONITTED)
PCCODE . " .DC.~ . . ALY (0) .COMPLETION CODE
- TTBADDR [DC - -"ALI(0) TCH. ADDR - ° ‘
ceN T ‘pe . AL1(0) QUIECES LEGICATOR T
R DC.‘~‘AL3(1HITLIHK) : ADDBESS or INITIIL 108 LINK -
RO EQU .U 0 - o
“LRY BQU: 1
CR2 T U EQUL27 o
©BY . o oEBQU L3 - n
CRW U BQU 6 co
RS - TEQU-T % - . 2
R6 - EQU.. & :
7 k

Loy




K8,
K9
- B

u12
R13

R1G. -

k15

RIO .

TEQU.
EOU
EQY

EQU

EQU -

EQU
EQU
EQU
END

0

9

o

"
12
#3

14

15 -
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"img toste o 4,12, 12(n)

*L‘ L?né’ 7‘¢xou ; G-Cluazs

‘ ! . « ‘ Lo {\ -

SUBACNITOR B o ' v
- - HACRO - v
ENANE  INITIAL £B3,ESA
E 3

THIS MACRC SAVES REGISTERS IR SAVE AKEA ESA AND SBTS
UP REGISTE# ¢ GRE AS THE BASE REGISTER

BALR ERB,0 , o

"USING #,ER8 . - .

LR 10,13 P : .
LA 13,888 , . Sy

ST 10,4(13) E o
ST 13,8(10) . o : N h S

. EEND - . . s o
* MOMB . CSECT - : - . ‘\'
“ TITLE 'SUBBONITOR B (I¥QUIRY 11)- : C; !

* ‘suanouxxou 's-,xnourxx $1,CURRENTLY -

* S : Do © DESIGH TC SERVICE A bInULATED GBAPHICS

. : : ' © .. TERMINAL.
R " . - IMPUT CAN INCLUDE FORTRAN IV(G) SOURCE

* . ..+ - CODE,OBJECT CODE, AND DATA SETS..

SuBB INITIAL 12,SAVESB1 .

C SLe 3, 11,0(1) 4 LOAL BEGS kITH ECB ADDRFSbES R
L o . PSBA. - 1. 2 3 4 %5 - G. IN TIN2

. . - pece? 3 4.5 6 1.8 8' 10

. . o Rl!,COITllBSQADDR OF SWAPEPY.
: ST~ R11,SWAPADB : . )
IDENTIFY EP=TIQREAD, surny=rxcaann1

¢ R15,=F'0*"  DID IDENTIFY WORK

BYE IDEBHOR ° DID NOT WORK ABEND. .
. . LA - 15,L0AD : R : : o
. S - sTORE ECB ADDRESSES NEEDED I¥ anuxa! BEXIT

ST BU,4(0,R15)  PSB2
s? 26 ,8(0,R15) ~ PSB4

o .% st ©R9,12{0,B15) IN T TR N
« st om10, 16:(0,B15) IN2 L L
' POST. (3),0 7" PosT Psal - ; ﬂ oA
_““"“" FACILITIZS lDHINISARlTOR "““"“ ’ o .
HBXTJOBB LR R1,R7 . © . PSBS . :
YAIT V,ECB=(7) . . WALT FUR- pcsrfigior PS8BS
A 17 0(37), 100" ZERO PSB5
. A © COMBILE THE SOURCE €ODE |
: Lxux‘-xp-xztroar ‘PARAK= (OPACDR, NEWDD) ,VL=1 - .-
c 15,2204 1 TEST FCR SUCCESSFUL COBPILE
S BC LA, Josznnpl’ ‘
T S ' INVOKE THE LINKAGE EDITOR ,
. LIEK EP=IBVL, FARAN= (PARNADDS, DLADDE) , VL= T
€ 5,=pral . CLTESTFOR SUCCESSPUL LIHK—EDIT c,
BC  11,J0BENDB1 -

. . LOAD - P‘INQUIRI - -LOAD: THE EXECUTIBLE LCGAD HODULE
f avr LOAD,X'EP'  SET THB LCID FLAG -

‘LR - B1S5,R0. .
C - BALR' R4, RIS L
. ... -, J0B END aourxuz -
. LT L CLEAR oum ANy IHlEBBU?T zxxrs

~ JOBEMDB1 SPIE

o CLL.' LOADX'PRY uASuLo;u ‘ISSUED v -
©',<.BME ~ JOBENDB2 _  NO JOBEND. .
- BAL BV14,DELETELD . YES DELETE.

- JOBENDB2 POST (6),4. . INDICATE NORMAL COHPL!TION OF sU8B. JOB

: NBXTJOBB -'5_"60 'AII EDF IEXT JOB

. AB :
- TDERROR. ABEND. 1;13 JDURE -

‘DS

. oPaDDR D ','x'oooo'

P IRRRICY /1 PR 1 ) I o ; L N .
.- NEWDD ©.  BC’ ,‘LZ(LEHC) P o RIS el
- "CNAMES . D¢ ,.“CIB'P03TCOﬂP‘~ ' R e e
SN P DC:"-BLZ“'O' L IR S eeT :
-

:pC CLBYPOETRAMY "~ o U T
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5 ] .
: bs or
PARNADDE DC AL2 (LENL) .
OPTIONS DU CYXREF,LET,LIST® . . . o » . .
LENL ‘EQU  ®=CPTIONS - . L - : Co . -
R L (. o : : E i
DDADDE ~ DC AL2 (LEND) o R ‘ .
LNAMES  DC .. CLB'PSYSLIN * . . . o .
. nc BL8'D! ) S S ¢
»DC .. CLY*STEPLIB ! AP : ' o
* pC CL8'PSYSLIB ¢ -~
/pC BLB'O"*
. DC_  CLB'LKEDPRNT': : » . - . , :
ne BLE?O* —_ . oo - A .
: . DC CLB'FiYSUTY ' o B e S
LEND. EQU "-LIABES s ' C o
. . . "EXIT FOB THE STINER USED TO SIMULATE - Co
. - 8 ‘ .INTERBbPlS _WOULD NOT 'BE IK FINAL VERSION .
g USING xuxsxxr R1S
INTEXIT POST : JNTECB » . L
: BCR . 15,814 o .
S Dnog..h15 ' o '
be . o .+ " INQUIRY IBTLRRUPT ENDED ROUTINE
* o . , . "IN TIQREAD R4=PSB2,R53PS5HH h6=IBQINT,AND

B S v . . R7=INCINT2
TIQREADT . STH -,/ 14,12,12(13) .
¢ ‘LR ‘RY1,K15

_usxnc'txoazxn1 B

BST B11 AS BASE REGISTYR

LR. 10,13 o . L
LX 13 2 : : . D T - :
st .
5T 30, T S . R
CL .LOAD,X'FF?* NAS A LOAD INITIATED?

N BN : '

TIQREADZ " e T
R15,SHAPADE : ’
) . BALE R14,R15
DELETELD DELETE EP=INQUIRY : : 4 ~ S
' “MVI LOAD,X'OO' SET LOAD rLAc orF o . N
: coe CLEAB our ANY INTERRBPT EXITS o
‘ﬂrxonsAnz shre o . .
t'tt‘tt#tt -INTERRUPT PROCBSSOR .“l..t#t‘ S
' ST - B1,0LDPICAB - SAVE CLD PICA ADDRESS

INTERRUPT SERVICED T

S POST 5y, 0"
* S GENEEATE A DUNMY xuxznnupr DELAY
T STIMER. REAL, INTEXIT, BINTVLaIBITINE

VAIT FCD INQUIRY xnfznaupr ;

TIQREADY WAIT 1,BCB=INTECB
. ZERO THE INTERRUPT ECB

EVI INTECB,X'00

POST (7). POST IRGINT2

POST {6). POST INQINT

MAXT 1,ECB={4) WAIT FOE 1SCS TO SAY - GET coxxc (PSBZ)

NVI . O(B4),X'00*¢ - 'ZERQ ECB AT BsS32- : )

L. .. #1,0LDPICAB. = RETRIEVE ADDRESS QF onp PICA ,xr ANre o,
LTR - B1,R1 " WAS THERE .AN OLD PICA ST

BC - - 8, TIQREADI. 'NO..GLD PICA,SKIP. RESTOBB

_SPIE ur-(z,(1)) . BESTORE'CLD PICA, = .= . . .
B3 L' - ¥3,SAVEB2+4 . - - T R IR
AN 1« 12.12(13) L s . . .
~IBCR" 15 1% L _' R s o -

- ... DRQP .R’J : }Sv‘ ’ S ’ B P
INTECB - DC . AP*0% . - -~ INQUIRY ECB - - ' : r : S
CINTTIME. DC - - -1R'QY DELAY 'FOB NEXT DUH!Y :nrsngbpr DI . o "
OLDPICAB DC . 1P'0' .- - SAVE OF ADDRESS OF OLD-PICA ~ °

CLOAD L DC 1P . - ‘CARD #1-0F & CONTIGUOUS SET
S 8$PSBZ - BCT ipvor B2 : o
CSPSBY, - DC - CAEYQY W T
-SINQINT -DC ~  1Pr0'". Y 1 TR ' e L _
CSIKQINT2 DC - 1P'Q*. . . #5 - (LAST OF szr) e e S )
" MAPADB - DC ..~ 1rY0! - ADDE or sulpzp1 aourxuz rxuns conz Bouuos o Lo
SAVEB2. DC. . 18P000 . , " L Do
SAVESH1 .. PC .o 18pI00 . o,
o TOUEQU 0T S L R
- RS- O E
‘]2 - Hz U 2 s . i ﬂ. R P
~RY- S, CBQU o3¢ . AR o
Ny R s

RS RO



R6

R7

R8
R9
R10

" "Rl_'z.

R13

R1& -

R15

EQU .

EQu
EQU
EoU

E0b

EQU .

. Equ
“EQU

EQuU

- EQU

END.
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.. BRANCH NEXTESR
[1IESR«NEXTESR =
[21BR+1 ‘

* CONSIMLD
[11LIB«',1491"
(216" )LOAD ENTINDEX',(LIB

(3]6')LOAD ENTADD',LIB =
(416" )LOAD INITIAL',LIB .

[518')LOAD STOP',LIB

[616')LOAD SETTRACE',LIB

{736 )LOAD INSERT',LIB
[81¢')LOAD ESRADD' ,LIB

(916" )LOAD NXTEVENT',LIB
{1016 )LOAD SETSTAT',LIB
- [11)8")LOAD EXTRACT',LIB

(12]&')LOAD FUTURE',LIB
(1318 )LOAD ESRINDEX',LIB -

[1414')LOAD DESTROY',LIB

- [1518')LOAD BRANCH',LIB  ~

{1618 )LOAD CREATE',LIB

(1718')L0AD SIMULATE',LIB

(1816')LOAD DQ',LIB = .
[1916')LOAD FIFOQ',LIB
'[20)6")LOAD PRTYQ',LIB.

- [2178.)LOAD TRANSFER',}IB

- [22]8')LOAD SIGNAL',LIB ..

- = [23)6')LOAD PREEMPT',LIB
'[24]8")LOAD RETURN',LIB -

- [2518')L0AD PASS',LIB~ "
- [2618')L0AD EXPON',LIB

* [27)4')L0AD QOK',LIB
- [2818')LOAD QADD' ,LIB

[2916' )LOAD EXECCPU',LIB -

MLINREEN

&

" APPENDIX B~

oA
‘ CONSTM COMMANDS . .
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* TYPE ESR CREATE PARMS ;B; TYPE CESR: VHEN ;S
_I133+TYPE _ESRy\' !
[2JTYPE+(B 1)+TYPE_ESR

~5% (3)CESR+B4+TYPE_ESR

o CW3WHEN«TIME+11PARMS
[5)PARMS+(600),14PARMS .
(s RMS[1]+ENTNUM+ENTNUM+1
"W 17)MESRINDEX CESR '

- *bEﬁPARMS[3]+N
 SLAJFIX1:N+ENTINDEX TYPE-
.g§g3+EXISTszx\0xpN

(E11("6+pPARMS ) ENTADD TYPE
(£217YPE ADDED TO ENTITY NAMES'
_[13]N+ENTINDEX TYPE
f[1%]§KJSTS2 PARMS[2)«N[1]
'«[193*ERR1X1N[2]20PARMS '
[16 J+ERR2 x\WHEN<TIME o
 [173FIX2:PARMS[ S, GJ*TIME WHEN
- [1815«CURRENT . '
[19]1CURRENT+PARMS
(20 JFUTURE . . a
[21)6TYPE, '« [TYPE, ', CURRENT® .
.[22]CURRENT+S . 4‘ L . o
2310 - ’ o o
(24 )ERR1: " FOR EXISTING TYPE v , TY-PE, "NUMBER OF PARMS IS
(25]sropP *crEATE .« " WroOWNGQ'
[26)+FIX1 . = ¢ ‘ L -
(27)ERR2: “EVENT TIME < CLOCK TIME'
(281STOP 'CREATE'. ' :
'.[29]+FIX2 o

¢

, DESTROY ID ENT; c R

s'[1]+OX\CURRENT{1] =0

- '[2])ID+CURRENT[1,2]

;,taJENT+ENTNAMES[ID[2] ] _
Lule'Ccer ENT, [1 ]110[1]"

" [518'Rep. ENT . ' ' L
[(6]0K: OENT '+((R[1J C- 1)+' ENT "), (o 0)+ JENT

~ [7]CURRENT[MJ+DEST R | o “ ";,?'
| Z*DQ HAME R T e e
C[1)8'Re (o' NAME, 1T ST e
[2]0'24‘ (R 1)+ ),NAME . b,.. .",‘ﬁg;. T o . o - e
[2.51+6x1024/7 . L T s

- [3)8NAME, '« (0, 1)+' ,NAME

4]z SETSTAT PROCESS DR s
[5]+0 L R s
: [GJ'ATTEMPT TO DQ FROM AN EMPTY QUEUE ' ,NAME
,.tvlsrop 'DQ' R

P



. [BJNOT Iﬂ SETSTAT QUED

“Z+«EXPON M o
P [1]2+- Mxo?(pM)po o

ID FIFOQ NAME N
[(1]+0Kx1QOK NAME - o - ' "‘
. [212 QADD RAME S T

- [310K:ONAME, '« NAME, V. ID"
,[u]»ﬂorx\ID[1]=CURR&yT[1J
 [S]CURRENT[41+QUED
(6 JINSERT .
{7)+0

: Z+MAXFREE J : '
'f[1]Z*([/TIMELINE[1 ]) TIME

PASS TOESR - . : ;.-

‘[1)CURRENTL 6 1+«TIME v o
:[2]CURRENT[3]+ESRINDEX TOESR . L
(3 IFUTURE n . e

[4JINSERT‘

- - IDP PRTYQ NAME
[1]+30Kx1Q0K NAME
(213 QADD NAME - | .
C[310K:b'Q«" , NAME\
[4]+NOTX\IDP[1]=C‘ RENT[1]
[51I«+/Q[3; ]>CURREHT[IDP[3]J
[61Q«((3,I)4Q),((3, 1)pCURRENT[1 2 IDP[aJ]) (o I)+Q
.[7JCURRENT[uJ+QUED S S
(81INSERT *y . . . . o
[9]6NANME, '+Q’ B
S [10}+0... - . -
[11]NOT :P«EXTRACT IDP[i 2]
- [12]p«<PLIDP(3]] Sl
r1331*+(a[3 I>p-. ' o '
[1810+((3,1)4Q), ((3,1)pIbPI1, 21,P¥, (0 r)mf
(15)IDPE1,2]. SETSTAT QUED g
-[15]0NAME '+Q' P SRUNPEY ISR ’
.8 QADD NAME o o
(1JQNAMES+QNnMES [1]8+NAME R
_[230NAME '+(s O)pO' AR

R




 Z+QOK NAME

{1 INVAME«84NAME .
(2]R+«(pQNAMES)[1] ‘
[312«R2(+/QNAMES=(R,8)pNAME )18

_ ID. SETSTAT'S .
L1 IENT«ENTNAMESLID(21; ]

[2]8'C+' ,ENT,'[1; J\ID[l]'
[336ENT, " (4 cJ+s"._’ |

-,sETTRACE.F’
«[1JTRACE+F: :

DELAY SIGNAL ESEN

j[i]('DUMMY ' \ESRN) CREATE DELAY

STOP NAME

[1]'SIMULATION HALTED BY C&LL TO STOP FROM ! NAME

[2J'SIMULATION RESUMED'

.. TRANSFER TOESR ' = ,
(1JESR+«TOESR ~~ ~° -
[2]BR+2 ’

L. -y
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" CPUEND. . ~ o N _
[11DESTROY = o e

" [2]CPU«IDLE

[3JCURRENT«NCPU . A -; S BRIV i
[4JCURRENTL4 J«PROCESS ST T e
[5JNEXTESR+ESRNAMES[CURRENT[3] ]
[6]+0Kx122+/CURRENT[1,2]=0 =
[7INEXTESR«1\0.

'1°[810 SIGNAL ESRNAMES[QURRENT[B] 1

[9]0K :NEXTTIME«TIME =
- [10)20x10=(pCPUREQ)[2] .

(11 INCPU+EXTRACT DQ'CPUQ"
‘[12]CPU+BUSY -
" [13)(EXECTIME CPUREQL ; 1]) SIGNAL 'CPUEND! - o
\~[1436PUREQ+(O 1)+CPUREQ S o

ESRN EXECCPU INT : :
”>[130URRENT[3]+ESRINDEX ESBN
(2 JCURRENT[ U4 ]+ :

- "[3]+NOx\CPU= BUSY

[4]CPU+BUSY -

 [5INCPU+CYRRENT S

L6 J(EXECTIME INT? SIGNAL 'CPUEND' B P
[73s0 o d . B R R

- [81NO:CURRENT(1,2] FIFOQ 'CPUQ".

. [QJCPUREQfCEUREQ (2,1)pINT,0

. PREEMPT ID;P . S
'-[1]P+TIMELINE[2 JlID[i] '“”‘7

. [2)TIMELINE(2 3;P] SETSTAT 6 - . '
- [aIPIMELINECY; PJ+1E7+TIME TIMELINE[i PRI Ve
 RETURN ID;P A AR L
[40PTIMELINEC2;1:0002T. - .-.i'-;i‘v"j~"7,:-

- [2]TIMELINE[2 3;PY SETSTAT 5 .

o



120

: R ENTADD NAME ’
(1JENTNAMES+ENTNAMES , [IJNAME+8+NAME

. [2)ewamE, "+ ((Ree), 0)p0"

 [2IRe(pENTNAMES)[1]

Z*ENTINDEX NAME R EM
[1INAME«8 4+ NAME - -

‘[31EM+(R,8)pNAME R o .
(412« (+/ENTNANES = EM)IS - S

- [5]4002+¢10,+0Kkx12sR T

[6]0K: b'R+(p' NAME ')[11'

[7Jz«z R

ESRADD NAME R ' :
[1]ESRNAMES*ESRNAMES [1]8#NAME

Z+ESRINDEX NAME R EM A
* [1INAME+8 +NAME e et
[2]R+(pESRNAMES)[1]»; ‘ L |

L3IEM+(R,8)pNAME S
[4]Z+(+/ESRNAMES =EM )18
[SJ*0x10=pZ+(ZSR)/Z T Al . SRR
[6ESRNAMES+ESRNAMES, [138+NAME S T UL S
[7]*EXITX1~TRACE V‘-. SR ' CeL e

- [8INAME, * ADDED TO ESRNAME LIST'
[QJEXIT Z+R+1 ; e :

Z+EXTRACT ID c:
[1]EHT+ENTNAMES[ID[2] ;]
[2)8'C+" ENT,'[1; JtID[lJ' S
[3]51 b'Z+',ENT.'[ cJ' *'a?," Lo e

o FUTURE S T e
[1]TIMELINE+TIMELINE (3;1)pcunnzﬂrcs,;i235:;,\'
[2JCURRENT[uJ+s L e

, INSERT L ' L e
[1]ENT+ENTNAMES[(CURRENT[23) J‘ AR
[2)8tce", ENT, 1[4 ]100RRENT[1J' e

[3Js1 oznr '[ CJ*CURRENT' gy
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 NEXT+NXTEVENT;N:P;T | 535*?_. R

[11+MOREx\0#(pPIMELINE)(2) _ ~ .

 [2)'TIMELINE EMPTY' . | Lo I S
[315TOP 'NXTEVENT' ST, e

{4 IMORE: TIME«L /TIME INELY; J

 [6JN+<TIMELINE[2;P].

" LQINEXTSTAT+«BR+0 ..

'[15]+DESX 10= pNEXTESR

- [5JP«TIMELINE(1; INTIME

 [7]T<TIMELINELS;P] s .|, -~ SR
[8]TIMELINE«((3,P- 1)+TIMPLINE),(0.P){TIMELINE~.’
[91(N,T) SETSTAT 0 ' - R

 [10NEXT<EXTRACT N,T S

- [11]ESR«ESRNAMESE(NEXT[3]);]f.e-

o SIMULATE MAXTIME
- [1IINITIAL »;.v o L e o
" [2)GENERATE: R S
[3INEXT: CURRENT+NXTEVENT SN _a.'1“u: T
' [uJ+STOPTxxMAXTIME<TIME
[5JRECALL: b'VSIMULATE[11]CALL "ESR 'v'
~ [6)+NTx1~TRACE : ' SR
. [71% TRACE: ' ESR; "ID ' CURRQWT[l 2].' T{ME i TIME-szi
EBJNT;NEXTESRfESR*xo o A hPEE e

- [10INEXTTIME«L /0. S

- [111CALL:SCHED = . ' B PN
© [12]+B1x11=BR - . e S R T T
“[13]+RECALL*\2 =BR . e ’ R I i
t14SNEXTX102CURRENT[4] | ' -

'[15]CURRENT[3 6]+(ESRfﬂDEX NEXTESR) NEXTTIME ;}j~1'

. [17]FUTURE .

© [18)INSERT "
- [211+0
~;[22331-+32x;CURRENT£u]:o

- [281+NEXTx\12BR
. [253B2: cvRRENTuepo

[19)+NEXT e ' SR
[2OJSTOPT"SIMULATION STOPPED AS Mnxruuu TIME RéACHED"’* RIS

. “[23)DES:DESTROY . ;.',ju,;f*j;}lf‘”"

",1t26]+RECALL



APPENDIX C
IS0 MODEL

2+«EXECTIME. INT I TR N RS
~[11SL«(INT,0)[2] ° o o )
'\[2]+((SL 0), (INT[1]<SL) (INT[i]zSL))]Si Sl s2
[3151: RUN+INT[1] _
(3.51Z+RUN _ _
{ul»o S
- [5182: RUN+L/INT[1] SLxr(f/MAXFREE SL)*SL
. [s. 5]Z+RUN ~‘,_ \

o

- eEwemaze L
L1MEEDCPU<0 . - o R
'[2]RE’ADER+CORE+CPU<-O B S SR

- [318TATE+0,0 . - T T L A
- [u]READ*NINQ+SOBEND+SOBABENDfIPABEND*IPENDfINQSERV*O: =
- [5ICPUREQ+2 0p0 Co _'74 : “, o IR
-~ [6IREADQ+(2,0)p0 : ‘ RN AN
[716I+00 U+'INQUIRY INTERARRIVAL TIME' R
- [816CL+)sD«"GRID COMPILE/LKED TIME' :
{91650+ INQ SERVICE TIME" 2
[10]SJH+1s[J« ' SOBF 'JOBS PER HOUR' = - -
- [11]GIR«D 0« " INQUIRY JOB. INTERARRIVAL TIME"
. £12]877«0e[«'SOBF .J0B TIME' N
- [13]TRACE+'Y'=(Ye[«'SET TRACE oN. (y OR N)'4»~"
i [14)SHAPTIME+Q o0« " SHAPTIME * :
»'f[151T5+D°D«'TIME_SLICE' Y
- [16 JITH+(e D+'IH'.' '
-~ [17INEEDCPU«0 S
" .:[18 JNEEDSTOP+0, - = i
: [19JRESPOHSE+BREQ*BTIME+BINT«1o AR
. [20)0:5IGNAL . 'ISSUERD"‘ 'J, e
- [2130:SIGNAL 'NEWSOBFY SRR
(220  SIGNAL *NEWGRID':

"?QtzaJ'INIrIALIzATIoN CQMPLETE' f1ifj? "‘ S e
n _GRID. : s
'I23+0Kx\STA?E[2]=O

~ [31'¢RID: BUS!~J.TIME :
»a*[uJBRANCH 'ISSUERD' e |
/tslox-'spaozsnv' EXECCPU 0‘95 e
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. GRIDGO
[2]IDESTROY .
[3)JCURRENT+IPC ‘
K [MJCURRENT[u]+PROCESS ' ‘
- [4.5IRESPONSE+RESPONSE, TIME INQTIME
: [SJ'INQDONE' EXECCPU U*EXPON GS :

INITIAL : _,-'-
[11SASTOP+2. n
(2 TIMELINE+3 0910,
- [3IENTNUM<O.~ -
(4 ITIME«0 L
- [S]ESRNAMES+Q 8p' E:'“ SR
. [6]NON: ENTNAMES+0 Be' M BN R
. [7JPROCESS«0 - =~ L T
[8IQUED+1 . .-~ '*.:~-:',”‘ L S
BQIDEST<2 . e »W -

. [101STORED+3

"ﬂ;?tzlnrna+1
| 'f[3]cvRRENT[uJ+u

(11 INONE«N0 - S
 [421YES+1
e [13_]}10‘:0 e R
"[14JCURRENT+6p0.

C [45)0FF«0. .o - AR
o116 ]0N«1 B RN T
CUUQATIBUSY«L e e

" [181IDLE+0 r,kﬂ;.A%;,",)-;; BN R ”

.[19]QNAMES+0 sp e ]

o I”QAAGA'IN"' B .,‘J

o [WJIPC«CURRENT - - o =0 oo
“*;tslo SIGNAL . 'INTHAND" B e

W INQDONE '
B f[i]GURRENT[13J+CURRENT[13]+1 R e RN LR I SR
"_2[2]*DON3x\CURRENT[13] CURRENT[li] s AT e
-[3)INQSERV+1 .. . .._;gﬁ_ e Y
,[ﬂ]D*NEXTTIME+TIME+EXPON GI 1v ~_”i“;-nﬂ}\f|~fUu1f" L

. [5INEXTESR«'INQAGAIN'

:.'~i[7J+0

e o SIGNAL 'INTHAND'

‘ﬁ”ta)vans zpzwp+1 ;-¢;¢;_4.\
'[9JOHSIGNAL 'rnraanv'z R



~ |

INQWAIT -
[1]NEEDCPU+0FF , :
. [2)+BENDx11= SOBENDVSOBABEND
- [3)+0x1IHSET=NQ -~ _
(4 )IHSET+OFF IR}
[SJNEEDSTOP+0N SRR
[(6]+0 . ‘
(71BEND: IHSET+H0 o
7. SJSOBEHD+SOBABEND+0 ‘
[BJBRANCH 'INQS' : '

N

INQi o PR
[1]+N0X\STATE[1]¢@
[2]IHSET*YES B .
[3]NEEDCPU*0N e
"[&4]IH SfGNAL 'I”QWAIT'
f5F+0 " .

[5]”0 BRANCH 'INQ2' '

t1]2 SWAP 'INQ2B' RN
Iﬂaéb S
[1]0 SIGNAL ‘GRIDGO"

- [2]STATE[2])+8 R
[3]BRANCH INTHAND' BRI

INQ3 L
EIJNEEDSTOP*NO

[2J*STOPX\(STATE(13=8)ASOBEND‘0;»  :'

- [3150BERD<STATE[11+CORE+0
 L41sTOP:BRANCH. irhg2

-“‘;ﬁ«‘".
e .
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INTHAND . : ‘ ‘
- [11+(SOBEND, SOBABEND IPABEND READ NINQ INQSERV IPEND)/

[ZJRNOTHING COMPLETE - : R3 Ru RS5,R1, R2 R7 PE
[“]Ri READ*O S
[S)'READ COMPLETE" : s
'[5]CURRENT+EXTRACT DQ 'READQ'
(7 INEXTESR+'JOBCDY
CCOMEXTTIMBSTINE®.L ST
Telvo - L L

s

CL10IR2NINQ0 T

l°'[19]+0

' [253R6:IPEND<0 :

\1-[30

“[111'NEW INQUIRY' . B T A ‘ :

- [11.5)INQTIME«TIME = =~ o S SR ’ '
__[12]NEXTESR+'IN01" : - '
_[13]NEXTTIME+TIME+ Yoo
c[1u]+0 e T _ g ) o
- [15]R3: SOBEND+0 3r VL e e v :

[161'SOBF END' . - - B EE UM T v

‘g,[17]STATE[1]+CORE+o ' '

" [18)BRANCH'SCHED".

©. [20)R4: 'SOBABENDED AT R TIME
- [211SOBABEND+0 - T LT ,
- [22)+R8 : D LT
. [231R5: 'IPABENDED AT '*TIME Lo
- [24]IPABEND+O ~ , - ‘

“[261'IP ENDY - . .. oo ER
“7‘[27]STATE[2]+CORE+0 S ST U S C DA N
»'.[28]BRANCH'SCHED' LT Ty e

"f[29a+o DR Lt
. R7:INQSE. e
- [317'INQUIRY S VED", S S ML
_yﬁ[32]BRAncn'scys e e e

ISSUERD
[2]READ*RE ,(pREADQ)(2]>0
'L JREADER<~READ . . - :
[“]BRANCH‘INTHAND"”"*}
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JOBCD S - o I |
[2]+0thcURRENT[83 =YES -~ . S,
[31'BAD JOB CARD ' TIME - o LT
EMJBRANCH'ISSUERD' Lol e R . :
- [5)+0 - ' ' : o : T /
- [6J0K: +0K2X\CURRENT[93 YES o
[(71'BAD EXEC caRrD . TIME ' "". o

'[8]BRANCH'ISSUERD" -

‘[9]+0 -

[10]ok2: +SX1CURRENT[10] 1.

- [113+6x\CURRENT[10]=2 - ' -
[12)'INVALID PaCILITY REQUEST '.TIME

“[131BRANCH ‘ISSUERD" " .

(14])+0. R R T N
(1538 HEXTESR*'SOBF"i e s  '\\; =
[16]NEXTTIME*TIME+ 2
[17]+0 . R
[183c: NEXTESR*'GRID'

f[19]ﬂEXTTIME*TIME+ 2‘

] REWBAT oo '
',ﬁ[lJ'TSEHD' EXECCPU l/TS CURRENT[ilJ

Pl

g HEWGRID o Y e
- [1]P+O 0,(12250), (1:?50) 2 (LGIR*GI) (1:910) 0 |

" [2)'GRIDS READCOMPY CREATE-P.. =~ .~ -~ SRR
- ~[3J(EXPON GIR) SIGNAL 'NEWGRID' j,**-, JR
o Ls1wEw GRID JOB PARMS B R

- NE'VIP '
T.'[2]'NEVIP2' E‘XECCPU D+E’XPO'N G'C'L

S NEVIP2 o
:,;[23+FAILX\CURRENT[12] o 8
"[3§n00MPILE LKED- OK. | SRR RN
[ 'INQDONE' EXECCPU U*EXPON GS L T
o [53s00 BT EREEI TN IE S SRR R

L8 )PATE:Y VGRID. COMPILE/LKED FAIL‘»;Q_-i;_-'g,%wk'ff‘7 N
- [6 5 ]IPABE”D*’:Z ; O - _» . ‘ N ) :: g o ' :"'5 o @ ;

‘* <[710 SIGNAL 'INTHAND'<f'“7;}{'J;_==;;;;ﬁ L e
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4
_ WEWSOBE AR
[11P+0,0,(12720), (1:920) 1, (EXPON SJT) (1:910) .
[2]'SOBFJ READCOMP' CREATE P . .
' [3)BREQ+BREQ,P(6] ~ .
L4 J(EXPON 3600+SJR) SIGNAL 'nswsoap'
‘[5)'NEW S0B JOB PARMS 'iP

READCONP S TR
~[1ICURRENT[1,2] FIFOQ 'READQ' T
[21+0%1READER=0FF ~
[3JREAD<1 e
[4IREADER«OFF - * . .~
[SJBRANCH'INTHAND' SRR

. RESUM T S P N

[1]DESTRO A R

[2)JCURRENT+BCUR =~ ;'*r S jg;_v'~‘ Co I
(3]CURRENT[4)«<0 - . T Lo e
[MJ'TSEND' EXECCPU D+CURRENT[11] rg. v T

SCHED :
{2J»N0Nx\ﬁzﬂq 0
[3INING+Q L T e
[uJCURRBNT+EXTRACT DQ'INQQ' S
[SJTRANSFER'INQi' R R IS |
=t7JN0N540"’*
[7.:5]+MORE x;
@l.EQJBRANCH'?i

LIJCORE*Q'JYa
tzjsrnrﬂtilfa

iISSUERD':



SOBF2 .
[1151:coRESE
[3]PASS'NEVBAT'" L
[R]BRANCH'INTHAND' .

SPOOLEND
' [1)STATE[2 1+CORE+8
. [2)PASS'NEWIP' =~
~ [SIBRANCH'INTHAND'

: " SWAP ﬂgSR
[11Pe2,1
[21+CALCX10=N

. [3)STATE[N]«8 i% 

[4]+CALCX13TATE[P[N]]‘3J
" [5)STATELP[N]]«4 =

© [6JCALC:+Zx1CORE=N
'[7]*Z2X1(CORE‘0)VH 0 '
. [817«2 oo ‘
[9l+sEr
[1012:T+0}
- [111+8ET
0 [12]22:1«1

0 [131SET:CORE«N . . - &
K‘_[iu]NESR EXECCPU- .1+TXSVAPTIME i

C TSEND FEERE
';[1JCURREMT[11J+CURRENT[11J RUN
‘[2}*DONExxcURRENT[11]so

« . [31+S1x\NEEDSTOP=0N - AR
< [#]0K: 'TSEND' EXECCPU D+cunaznr[11] s

(f51+0 _

< [6IDONE : SOBEND+1 R

- [7]IBTIME+BTIME, TIME cuanzur[s]
" [81BINT<BINT, CURRENT[?] e

. [91+S1x\NEEDSTOP=YES

Jz[lO]*S?*lNEEDGPU =YES

'-;[1130 SIGNAL 'INTHAyquﬁv_TVﬁwf,s

1230
“[13)52:0- SIGNAL 'INQWAIT'

o [wdso RS
(195150 sTowAL 'qest .\ "

~j;*[15]CURRENT[7J+CURRBNT[7B+1
© [17)CURRENTLM)+4 - . .
- [4B]BCUR+CURRENT - -
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: SIMULA F 1000 '
- INQUIRY IMTERAR?IVAL ”IdE
0 15 - .' ,
GRID COJPILD/LAFD TIH” .
0] 5 » o
INQ "FRVICE TINE - 3
0 2 - — B
" 50BF JOBS DER uoux : -
g 200 o .
:INQUTPY Jon Id”ERARRIVAL TI.E
o -s00 -
SOBF JOB. TIil
SET TRACE on (v OR n) 5
Y . [
. ‘,_)/ . - . o
l._EAPTIJF o  -\  )
- TIME SLICE

n - .s

-

. DUMMYN - ADDED TO ENTITY NAHES
. NEWSOBF ADDED: 70 ESRUANE LISJ
IIEWGRID  ADDED TO- ESRHAME LI
[IHITIALIZA”IOU CO/IPLEZ]

PRACE: ISSUERD. D 11 TIUF 0

o T Ry SR
B . D . 1 . . L) - . . ‘
| ISSUFRD ADDED TO ESRNAME LISTN

PRACE: INTHAID ID 0 0 ”IHb o
TRACE HEJ 0BF ID 2. 1 TIJE 0 _"'

nvasoy JoB BARNS O 01 1 ks

TRACE : RrADaouP ID 75 2 TIME 172, 69418895, .

8. 130704191

" TRACE:" CPUEND ID 4. 1. DTIME 93. 41535505

TRACE: THFHAND ID 0 0 TINE

TRACE: GRIDGO - ID: 78 -1 ZTHE 73, uisassosL._

. 1.229395208

“rRACE: CRUEND. - ID 79 1:TIuE_7u.suu7soasﬁ.
‘TRACE: IUIQDONE  ID 6.3 TIME 74 .64475033

‘-82329326“55
ySI o
A SIHULATE [11]

S

8 . *IHOHOHE ~[3]

sarnaooun+xo QF]*;,f;{{

73:,4153550%

TRACE.,SCHED ID 0 O TIHE 7“ 64475033

JRACE: “NEVSOBF ID 76 1 TINE 8. 1061u23,,“ i

' HEU ‘508 JOB.PARIS 1.1 1

"3 951302041

" TRACEY, RFADCOJP IDv82 2 TIME 78.1061428
S __T34cg;_gpvzyp_ I ol 1 TIHE 79.74475033

p o'f Lo

TRACE: INIG2B. . ID 77 % TIME 73,41535505
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Lo 'TRACD IH”HAHD ID g0 1 TJUE 74 suuvsoas,, f7 Sl
L IHQUIRY "SERVED. : B ‘



& g
.
.- DSTAT . RES POIISE
SANPLE SIZEL 7 ,
HAZ T 10.07605081
MININU 5.867687184
- RAIIGE - 4,208363623 .
S MEAn . 7.416275818
© VARIAICE 2.930301502
TANDARD DEVIATION ~ 1.711812344
. MCAN DEVIATION. 1.412428335
CHEDIAD . 6556191142
HODE i L ‘
DSTA” B REQ. .

" SANPLE SIZE ‘ 11 3
HAXTHUH 18. 61670137‘ "
MINIIUN . 1.281136235 .
‘RANIGE . - 17.33556443
-MEAN . . 8.836912956
VARTAICE- .~ - . . 44.52769082

 STANDARD DFVIA”ION,"6.67200722u 
- \MEAN DEVIATION . 5.375520324
o AVEDIAH o 8.13070u191
4 STAT BTI! ;
. "SAMPLF SIZE .~ .. . 6 - S
. HAXINUH ‘ ©.95.63509354
MININUH . ©3.2837579%32 .
RANGE : .- . -.92,3513356
MEAN ¢ 65.12247353
.s.., VARIANCE . Lo 1067.321365°
- STANDARD DEVIAPION.f~32 66988468 -

©IODE

MEAI DE'VIATIOIJ '
HEDIAI

©22.53231906
75.25135741
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