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ABSTFATT

T'arious job-scheCullng algorith¡ns baseC upon

rounC-ro'bl-n scheCurling witb a variable iime-slice are

studleC by' sin:ì-il.at1on under va::ious conclj-tj.ons of sysLem

utility. System utility is varieC by varrying th:e inter-
arrival time of jobs anC by varying the quantity of main

storage availa.'l¡le to jobs. A measure of perfornance is

baseC u.pon curves l'¡hich rcpresent the cost of oelay to

jcbs. This ïIeasure cf perf ot'marlce is very simil¿r to a

per.f ormance criteri.on previously useC.

An enpirical equation is CevelopeC l¡l:ich relates

performance to the utilities of the centra] processor anC

main storage by mear:s of a variabl-e coefficient. For

slmulaieC conCitlons of utility .l-ess than 0.60 the empirical

equa'bion ls founC to agree falrly r¡ell r+ith tbe simulateC

perforniance wlth a constani coefficient value lrhich Ce¡:enCs

on the number of priority classes. For slmul-ated conCitions

of higher utility, var.iability ln, the coefflclent is requireC

to fit the empirical equation to the siruulateC perf'onnance.

As utilÍty Ìs lncreaseC beyonC 0.80, simulat'eC performance

becomes a function of tbe job-scheCuling algoritbr¡ anC r¡hen

utllity r"eaches unity, simulaieC per:formance becomes a

function of the number of jobs in the iob strearn as well-.

Those algorithnns r.rhich tenC to select t'ne shorter

jobs from the waitlng queue for" processing dur:lng tbe

slmulation proCuce a scmel.¡hat better perfor"nance.
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NOI4EI.]CLATURE

The following notations are used in this thesis:

A._ ,: actual interarrival tine for job j of priority class I, (page 15)'
Ir

A._ : arrival tirne of job j in priority class I, (paqe 12) -

Jr
A: : earlíest time r^rhen job j .of priority class I can be loaded into
jr storage, sur-n of ar::ivat tine (Ajr) and device tirne tdj) (nage 16) '

Aî_ : time rvhen job is loaded into storage. Sum of earliest possible tine
lr (A:*) and time sr:ent in waiting sueue, (page 23) '

II

A : input pera-mete!- deterrr.rining rvhich queue selection algorithrn to be
s used, (paqe 45) .

b : storacle time constant, qiving the rate at which mean storage
requirenent increases r,¡ith central processor tirne request, (page 17) '

B : maxtmum mean stora(le requirement for jobs in the job stream, (page 17) '

c : coefficient used to fit empirical equation to observecl simulated
,'j o results, (page 52).

d : input parameter device time number, (paqe 19) '

d. : assumed device time of job j, (page 12)'

D : time demand on central processor, (oage 3l) '
o

D. : units.time demand on main storage, (page 32) '

E : Small quantity used to represent variation from unity where lack of
attention actually becomes infinite, (page 52) '

g.: : augrnented. lack of attention used in quantuin altocation routine, (page 42) '

J

I. : priority number of joir j. in priority class I, (page 12)'
l

+hjob j : the j'" job in the job stream' (paqe 12) '

k : a PrioritY constant, (Page 13) '

L, : the nurnber of priority classes f , (page 12) '

*f mean central processor time request, jobs of priority class I, (page 14)'

M : mean storage requirernent for jobs j with central processor time

request aj, (Page 16) .

n_ : the number of jobs of priority class r, (paqe 13).
I
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the nu¡¡ber of jobs in the job stream, (paqe 11) '

storage occupancy, (Page 33).

penatty of job i , (Page 25).

penaltl, of job J at completion of job ) ' 
(page 25) '

penatty function, (Paqe 24).

length of v¿aiting sueue, (page 35) '

mean interarrival time, jobs of prioritlz class I, (paqe 14) '

storage resuirement of job j , (page 12) '

mean storage requi.rement of jobs in priority class -I' (oage 33) '

sum of mean storage req.uirernents of jobs ín all priority classes
(IRr), (page 33) .

standard deviation in svstem penalty, (page 34) '

numberofslotsintheexecutionlistfilledbyjobs,(page42).

time supply of central processor (unity), (nage 31) '

units.time suoply of main storage (paqe 32) '

time devoted to job j by the comouter, includes device time (di)

and central processor time given, (ç¡age 25) '

actual cenLral processor tirne requires of job i, (page 12) '

total time (simulated) for simulation iun, (page 32) '

time at completion of job i, (page 21) '

duration of job i, elapsed time between job arrival (4. -) and
lr

job corapletion (tj) (nage 21).

tirne between arrival of job j in storage and comoletion of job j,
(page 24) .

round robin cycle time, (Page 41).

time slice allocated to job j by the variable time slicing algorithm'
(page 4I) .

hinimum time-slice, (Page 41) ' i

superviscr cYcle time, (Paqe 39) '

lack of attention of job ) ' (oage 24) '
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ut : lack of attention of job j at cornpletion of jcrb i, (page 24) '
l

u : mean l-ack of atteniion for si.mulation run' equals Èhe system
' M penalty when Pi = Ui, (Page 49) '

u : utilitlz, defined as time ratio of tfemand to supply in the competition
concerned, (Paqe 50).

U : central processor (c.P.U.) utility, (page 27) '
o

UI : storage utilitY, (Paqe 32) '

tit I nrrml-rpr of slots in tha execution list' (page 34) 'W.
o

w. : number of units of main storage initially avail-able to jobs in the
t iob sÈream, (oage 32).

w : n'mber of unj.ts of main storacle avail-able at any ti¡re t during
t the sirnulation run, (Page 42) '



C}IAPIER I

TT{TRODUCTION

1.1- Purpoge gf_tþe BeÞgqrc!

In thj.s stuCy use is maCe of the cornputer" system

simulation model whlch has been useC by Chal to investigate

some of the effects of a parbi.cular time-slicing iob-

scheCul-ing algorithm (f )1. Tbis ¡noCel 1s the first stage

of a more comprehensive computer system simulation moCel

whlch will- Incl-ude the operations of logging-ln, loaCing

lnto core, scheCuling anC outputting of the results. This

first stage may be consiCereC as a moCel of a hypothetical

computer systen whlch incur"s no overbeaCs to loaC jobs into

core, anC wbich processes to completion jobs t¿h:'-ch require

no lnput or output durlng their execution. Ïn the stuCy

conducteC by Cnai (f) it r,¡as assumed that the physical slze

of tbe main store r¡Ias large enougb to accomoCate any three

jObs. Hoi,rever, no attemp'i: r+as maCe to consider the posslbil-

lty that thls same main store may be able to accomoCate more

or fei,¡en than tbr.ee jobs Cr:::ing certaln perloCs of time.

The purpose of this r:esearcLl 1s to examine tbe

senvlce to computer users as the nunber of unlts of maln

1 Notaiion (o) r"efer"s
r:efer"ences.

to the nth entry ln the l1st of

-r-
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storage available changes for a variety of different iob-

scheCuling algorithms. A job-scheCuling algoritt:n: may be

separateC lnto tl¡o sectlons, tbe ffu'st l-s the logic which

determines l¡T:ich of the r.raitlng jo'irs 1s to be accepteC

next (queue selection a.lgorlthm) anC the seconC is the logic
-whlc1r Ceterrnl-nes horq a job 1s serviceC once lt 1s accepteC

(quan'burn all-ocatlon routine) . More specifically, tL:e

purpose o-f this research Ís to examine vari.ous gueue select-

lon algorlthns unCer conCltions of varying stor"age.

L.2 Set'no¡g-ang Þqgpe_of tbe Regeaggh

A sn:all moCification of the moCel useC by Chai,

ln or"C.er to keep account of hol¡ many units of main storage

are occupleC anC how many unlts are free, nakes the moCel

sultable for" the stuCy of queue ' sel-ection algor"itL:ms. The

naln memoty ls attributeC wlth a size anC each job wlthln

the job strea¡n requests a partlcular amount of this main

storage. Providing there 1s sufflcient storage avall-able

for a particular job, the job can be accepteC for execution.

No account ls taken of the spatlal ar"rangement of jobs wlth-

1n the main storage and ti:erefore the organlzation within

tbe nain memory is taken to be elther non-contiguous, that

ls, tbe roaln storage ls spllt lnto units of an arbltrary

slze, but jobs neeC not occupy these uniis in a contlguous

manner, or alternatively, contlguous organlzatj-on r^¡ith

negllgible time of relocation of jobs r,¡lthi¡ tbe main storage.
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The basis of a measure of conputer systent per-

forrnance bas been suggesteC by Greenber"ger (Z) . Thls

neasure of per"formance involves the suitruation of tbe cosi

of delay to each job r.equiring service by ihe system. The

rneasure of performance useC ln this stuCy anC in the pre-

vious stuCy by Chai is based u.pon Greenbe::gerls suggestion

with a modificatlon which makes it quite sfniilar to a

measure of penfonnance useC by Fife (fO). Fife consiCereC

that tÏre r"el-atfve response, tbat ls, tbe ratlo of the

rosponse time to ihe anount of processlng time requireCr wå.s

a quantity more fundamental than the actual response tj.rr:e

to tbe measurement of perfornance.

Tbe study of tbe perfor"nance of computer systems

for a constant job str.eam anC varlous job-scheduling al-gorithms

can leaC to the cholce of a job-scheCuling algoritltm for a.

partlcular" computer system anC for the job stream consiCereC "

Hoi¿ever, once selectlon of a eomputer system, or conflguration,

and a job-scheduling algorithm bave been maCe, the job load

generally gro\^rs napiCly until the system becomes heavily

Ioaded.,, It is tberefor"e ofien r'¡ise to select a job-scheCuling

algorithm wbich functions well under. heavy loaCing, and lt ls
an advantage to study tbe perforaance of an algor.ithm over a

range of different job loads.

Many moCern computers are moCulan 1n the sense tbat

rnorae naln storage can be attacbeC upon request, provlding some

upper llm1t 1s not exceedeC. The size of maln storage can be
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consj.Cered as a varJ.able within a conputer system to be

selecteC accordÍng to some economic crlterionr generally.

It ls rea.sonabl-e to suppose tbat, lf a computer

user ls paylng to receive a cer.talu maximum relatlve

response elther" Cirectly, or inCirectly by offering a

cer.taln proportion of a monthly compr.rting capaclty, for

exanple, anC that if this rnaxinum relatlve response ls

exceeCeC, å Ciscount amounting to a cost of Celay to the

user -u¡ill be glven. In ihis r,ray the measure of performance

i{oulC be r"el-ateil to the earntng poi+er of tbe cornptiter

system

Tbe clecision t,rhetlrer or not to acqulre more

main storage 1n orCer to improve service can be relateC to

economlcs by stuCylng the improvement in performance as main

stora.ge ls aCCeC to a computer system anC bal-anclng this

lmprovement witll the extra cost of acquirlng the main

stonage. In this stuCy no assumptions are rnade concernlng

the latter cost anC tlre measure of performance 1s not r"elateC

specificaliy to economlcs, but tbe effect upon system perform-

ance as the size of the main storage is varied is examineC.

L.7 Prel'lgus l,Iork 1n the :\Ieg olThig-Fssearch

Most of the PublisheC research

performance of time sharing systems has

ance of scheCullng algorithms, anC 1n

concernlng the

dealt with the Perform-

partlcuiar, wlth tbe
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logic useC for. allocatÍng execution times to jobs fon whichr

sufficient st,orage is alreaCy available. This logic ls

knor.^¡n as a tirne-sl-icing algoritLrm, or quantr-tm all-ocatlon

routine.
The primaiT reference for this stuC-y ls the thesis

of Chai ( f ) in whicb tbe conputer system simulation rrroCel useC

in this stuCy is introCuceC anC CescribeC, in which a

variable time-sl-ice quanturn allocation routine is presenteC,

a.nC 1n which the Cynarnic job penalty is useC as a means of

rneasuring usei' service. The Monte-Carl-o techniques for" iob

stream construction used in this stuCy were also useC in the

previous stuCy of CbaÍ. In his stuCy both eentral- processor

tlme requests anC interarrival times l.Iere assumeC to be

normally CistributeC, while ln this stuCy arrival tlmes are

assumeC to follor'r a Poisson Cist¡ibution

Klelnrocir- 3) presents an analytlcal stuCy of time-

shareC computer systems in vhich facilities are treateC ag

s'bocbastic queuing systems unCer priority service Cisciplines.

The per.formance measurement of these systems in taken to be the

ïesponse tlme expected by the job unCer consiCeration. Tbe

results presenteC are for an iCeal system. The Priority

Processor,-sbareC systern analyseC incluCes several priority

classes with Poisson ar.rivals anC exponentially ClstributeC

service requirements, viitb a ]cror.rn mean ser:vice requlrement

for" jobs of each priorlty class. Fon this system Kleinrock

states anC proves a theorenr r'¡hlch relates expecteC response

time to mean central processor. utilization ln a fashion very

similar to the empirlcal relatlon developeC 1n the stuCles
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reportec here. other iob scbeculing algorithms are analyseC,

with tbeorems relating perfor.niance to utitization being stateC

anC proveC, by classical queuing theory, for each algorithrn'

schrage (4) pr.esents an analytical stucy of the

queuing anC servicing Ciscipl-tne lX/G/L with feeCback. This

is a rounC-robin type of Ciscipline. His performance neasure-

ment is the expecteC response time of the iob unCer" consiCer-

ation. Ar"rival times are taken to be Poisson anC execution

times ar"e taken to be exponentially distributeC. Analytical

r"elationships are given for the expecteC response tlme as a

function of job arrival- rate anC iob processing time. A graph

is presenteC sho,,+1ng expec-r,eC. response tine aS a functiOrr

of central processor utilizatÍon for various job processing

: times. For certain values of the joìr processing time, the

graph is simil-ar to some graphs presenteC by Kleinroa:K (7).

Penny (B) stuCles the effects of time-sha'eC anC

non-tlme-shareC compuier facilities. He discusses lmprovements

to be maCe in r¿ork loaC processlng tines that can be maCe by

time anC space sbaring. The analysis proCuces a range of

improvements as a function of processor utll-lzation. Besults

obtalneC by simul-ation are sT:or.¡n to be in the range preCicteC,

f or the tlme sharing of tioro, three anC f our jobs.

Huesmann anC Goldberg (6) present a survey article

Cescrlbing research 1n tlme-slicing algorithms witb part-

icular emphasis on Scherrts work (IJ) anC the LOMUSS s¡rstem

ß16) at LockbeeC Corporation (LockheeC l4ultipurpose Slmula-

tlon System). Huesmann anC GolCberg make several very

lnter"estlng statements . Tbey suggest, for a successful



sirnulation, that the Cetail-s of the job-stream must be

specifieC formally, that the constraints of the operation

musi be specifieC forrnally, a.nC that the char"acteriÈtics for

judglng systern perforrnance must be clear'ly defineC. This

1s al-l in conplebe accorcl r^¡ith the philosophy useC by Chai

anC contlnueC in thls research. Fur.ther', Huesrúann stresses

tþe need for. tpar.ametorizationr of input to a simulation run

anC suggests that tbe sinru-l-a'cion appr'oach to time sharir.rg

system analysls is popul-ar Ï¡ecause ther"e 1s lack of a

viable alternative.
Some details of 'r,ile L0I,{USS system presented by

Huesmann anC GolCberg are lmportant to this study. The

LOMTJSS system permits simul-ation of varying conputer systems,

or configura'r,ions r'¡Íth varying iob streams.

For" each simulation run tr'io types of out'pu-r, are

proCuceC: the state of each resource at Ciffe¡ent points

1n ti¡re, and what is cal-leC an overall pr:ofile of each iob,

fnom which response ti¡nes, processor iCle time, memory

utilization, thnoughput, anC queue behavior mey be Ceter¡nÍneC.

The speciflc nature of the sclreCuling algorithms useC is not

hrornr, ffiC no attempt has been rnaCe to relate user service

to resource utilization - at least nolle has been publlshed.

Nlelsen (f) descr"lbes sinulation studies maCe of

an IBM 160/6T tirne shar.ing computer. He suggests that analytlc

stuCies (9, ry) are relatively lnflexible anC simulatlon

stuCies allol¡ more scope. The moCel Cescribed by Nielsen

1s responsive to changes ln conflguration, to changes 1n the
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schedu]-ing anc ner¡ofTr al]ocation a}goritT:nis, and to changes

inthejobstrearn.MemorylsallocatecbyNielsenininter-
changea-blesectionsratherthancontiguous}y.Nlelsen

measu.res performance of his simulation mocel ln terms of iob

response by prlority anc type and in terms of central processor

utilj-zation anc equipment activity in prlnclple very

simul-arly to the metboC's useC in this research ' He

consiCers paging, that is, the rol-ling in anC out of sections

of jobs as requirec (17). consiceration r'ias given to reserving

storageforeme::gency,QTheavilyloadecoperationatconditions

ancfouncthatanybenefitstouserswereabsorbecbythe
resu].tantincreasecicletl-nre.Nie].senconc]ucectl:at
reCucing tbe amount of paglng' or rolling jobs j¡ anC out

wasthevayt,orecuceoverheacsancircproveuserservtce.
Thlsconc]-uslonmaynotbepertinenttotl¡esestuciesslnce
pagixgisnotuseCrbuttheintentionofthestatement-to
reducesupervlsoroverheads-isonewhlchisconsicerecin
this research.

Fife (fO) examineC the optimization of user

servicebyuslngMarkovmoceltechniquesinhissiudyofthe
time slicing algorithm (quantum allocation routÍ-ne') The

nodel b:e useC lncluCeC tbe comPleie r:olling

ofjobslntoancoutofstorageasrequiredtohaveonlythe
jo'o being processeC instantaneously i:t core ' Three queues

were usec: the first, with jobs awaiting ttreir first quantum

of execution time; the seconc, with jobs ai^laiting their.

seconcquantum;andtbethlrd,l¡itlrjobsa'".¡altingthei::thirc
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an|/or subsequent quanta. The scheCuling algoritbm useC

deterrnines qu.alrium sizes anC the Sequence for servicing

the three queLies. The criterion useC to assess service

to the conputer user, relative l"esponse times, is simil-ar'

to the criterion useC in this study. The objective is to

minimize tbe average response tinie r'reighteC in rel-ation

to the Prrocessing tlrne.

Recent technicat ]iterature thus contains reports

of analytic anC simulation stuCies lrbtl-ch are relevant to tbe

ob jectives of this ::esea.rch. The moCel useC lrere has been

introCuceC anC describeC (f). In some ways the noCel used

here is simil-ar to other moCels (5, 6, f.1, T). The cri'berion

of perforrnance useC here is similar to one previously useC

(fO). Rel-ationsbips beti.¡eetr porformance anC computer utiliz-

ation have been studieC analytically (7, 4, B). In tbe

stuCies reporteC here performance is relateC to storage anC

central processor utilities ln an empir"ical fasbion for vary-

lng job interarrival- times, for varying quantttles of main

storage, anC for. different queue seleciion algorithms.



CHAPTER ]I

DESCR]PTION OF Tim SIIvÏIL{TION Ì{ODEL

2.L IntroCuct-Í,qn

The simulation moCel- useC by Chai (f) llas

designeC to simuLate a job-scheCuling algorithm ¡rbich

coulC simu.l-taneously schecule up to three jobs. It is a

model of a hypothetical computer 1rhich lncurs no overheaC

to loaC jobs into storage anC r¿hich processes to completion

jobs i^¡hich require no input or outpu-t Curing their execution '

This basic sinulation moCel ls moCifieC to fncluCe a

dlfferent kinC of ,competition for finite, non- cont-'

lguous storage resources. The main storage ln

attributeC with a size in arbitraT'y units anC each job i s

the job stream requests a certain amount of main storage 1n

these units. No account is taken of the spatial arrangement

of jobs r,¡ithin the nain stoÏage and therefore either a

non-contiguous storage or a contiguous storage t¡|th very

r"apiC relocaiion of jobs is simulated '

A complete descriptlon of the simulation mocel used

by Chai ls not given here. Ra'r,lrer a general Cescription of

tbe mojel operation i,¡ith emphasis on those operatlons per- i

tineni to tlre s-r,ucies of this researcb is presentec 1n the

-10-
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foll-oi¡ing three seciions:

1. job gene:"at1on - r¡hlch proCuces a series

of jobs, each job being an entity of work

that tlre user l¡ishes the computer to perf orm '

This se::ies of jobs, oï iob stream, is

proCuceC by Monte-Carl-o techniques usi:rg

job-raix parametei:s specifieC at' the

beginning of each simulation run;

2. moCel operation in i'¡hich the generated

series of jobs, or iob stream, is processeC

according to algorltbms CetermineC by

operaiional pa-rameters also speci-fieC a-t'

the beginning of each slmulatiorr run; anC

7. perf ortnance measureínent, r,¡TricÌr Cescribes tbe

outpur from each sir¡ulation run by whictr

mocel per.fornrarce is measured a¡c evaluated.

The job-urix parameters l¡hich Cetermine the Cetails

of the job stream anC tlre operational parameters r¡hich Ceterm-

ine ¡1re algorithrn by whicLr jobs are processec constltute tL:e

lnput 'bo each si¡ulation moCel run.

2.2 The Job Sti'eam

Tbis section desci:ibes the nature anc structure of

tbe job stream. The job'streara consists of tÌ:e t'l indiviCual i

entltles of coruputer. r+ork, these entitÍes being calleC jobs,
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processed Curing eacb simulation.

require the follot,iing inforrnation

tT:e job str:eam:

The execution ol' centr"al-

time request, Cenoted

The processing algorithms

abor-rt eacb iob i ln

processor (tpu)

tj;

CenoteC

integer'

l-.

2. the prior.iby number of tbe job,

Ij, t¡hich is the PrioritY
class I of the iob;

the time of arrival of the iob,

A jt, r^¡here 1 : I¡i

the main storage requlrement, an

value CenoteC Rji anC

1"

Ir

5. tLre assuneC Cevice time of the iob, CenoteC

dj.

Although tuo cifferent jobs may require the same

execution time anC tbe same main storage, they may not be

equally important. A systern of priorities, by l¡hich the

relative lmportance of jobs may be specifieC, is usea (f).

The nunrber of p::iority levels, or classes, ls

L Each job belongs to one of these prlority classes.

If iob j belongs to PrioritY class T, thai;

job ls saiC to have PrioritY I; wher"e I¡-I' Tbe

jobs of greatest lmportance, or" highest pr"lority belong

to pr.iority class one (t : t), a¡d those of the least
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importance, to the last pi:iority class (f : L) " Thus for

any tiro jobs, for Ínstance, iob i anC iob t< , if Ij

is small-er. than Ik, iob i is saic to be the more

important job anc has a higher priority. In certain stu-dies

conCucteC three prio¡ity classes were consiCereC (f :7) .

. A property of tlre iob streams considerec for three

priority classes is that :

wLrere n, is the mee.n nunrber of jobs wittr priority nunber

I, anc k is cefinec as the priority constant.

slnce in total- ttre iob stream consists of i{ jobs'

nl : Im2 .t

n2:Wt1 t

lfJ-nl\ I.lr ¡ Ilô
Ia

(z.z.t)

(z.z.z)

(2.2.1)

(z.z.u)

(z.z .5)

(2.2.6)

(z.z.r)

pr]-orrÏy

of jobs to
1-Í-.

+ o7'

or

N:
and

If.l:
I

+k+1) o1,

az:

-R̂C+K'r-I

__ k N__

:k'+k+1

IIo7:
-,Ê*k+l

The mæn numl¡er of jobs in eacb of tbe three

classes is thus ceterminec from the total number

be consiCereC, N , anC the priority constant,

É

t2u



Tiris may be general.izec. For L

vitir of being tL:e mean nuitlber of

cLass, trT 1s given bY:

pr"iority
.: ^'1.. ^ -i -JL)Uù IIJ

L4

classes anC

+h
the I'" prioritY

otr (2.2.8)

(2.2.e)

(e.zro)

(z.z.r,t)

(z.z.:rz)

r[ and tI
time request,

In simulations lrith L equal to tbree ' k equal to six,

anC r,¡Íth N equal to 1500, the mean number of jobs

generateC for prio::ity cl-asses onerti^¡o anC three are l?Jf '
2OB, anC 15 resPectivelY

A further property of the job str:earns consicerec

is that the mean inierar"rival ti-mes anC the nean central

processor ( 
"p,r) 

time requests of jobs of Cifferent priority

classes are also relateC 'by the priority constant k:

anC

where k

are the mean

respectlvely,

l3n : k::r-¿ L t

T7:lKJ2?
)L

nZ: l&nl i

^1 
: }!r2 

1

ls the Prio::iiY constant anC

interarrival time a¡C mean cpu

for jobs of PrioritY cl-ass Ï.
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In general, then;

"r 
: hl-t 

e
(z.z.:-z)

(z.z .ru)ú1- : 1ü1- -1 ¡'I '1 --L

The actual- centr"al processor times rrecluesteC by

jobs of prior.ity class f ar"e asstl-meC to be normally

distr.ibuted about tbe mea.n value m.I anC tlre stanCarC

deviation is taken to be *I,/4.

The actual- interal'rival tinlos of jobs i of

prior"ity class f are assumeC to fol-lolr an, exponrlntial

distribution r,¡ith aean value r.1.

The norma.l anC Polsson generating functions used

a3e describeC in appendix A. 
.The 

rnean central- processor

tlme anC lnterarrlval tirne for jobs of priority cl-ass one

are specifieC along witb the priorlty constant at the

beginnlng of each sinul-ation moCel run. The two generating

functions use, tbese parameters to proCuce the interarrival

tfu¡es anC central processor tlme request for every iob tn

tbe job stream. The central processor tfune request const-

ltutes tbe value t¡ for each iob i' lnCicateC at

the beglnnlng of this sectlon.

Arrival times are deternineC from the interarrival

tlnes. The a¡rival tlme of the ith iob of prlority

class L, cenotec Ajr , ls determlned from that of

the last iob of the same prionlty class given by, Oj-t,f '
and tbe actual lnterarr.ival time of the iob i' "if '
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The latter is ceterminec from the mean interarrival- time

for the priority cl-ass , rT, with the Poisson generatÍng

fr¡nctÍon'.

Ajr : oj-rr, + ujr , (2.2.L5)

For the flrst iob of each priority class T' the

ar.r"ival tirne of the first job ls ar"bitrarily:;

(z.z.'6)Att:3$ 
e

2

Tbttsthearr'lvaltimeofeveryjoblntbejobstrea-mls
determin"uro" 

assumed covlce time for iob j , denotec

dj, 1s u,sec to represent time spent in physlcally transfering

.- the job into a r"¡aitlng area within tbe computer systern'

Transfer from this waiting area to either the vraiting queue

or to storage is assuneC instantaneous ' Thls Cevice tirne

ls simul-ateC after th:e job arrival tlme' AiI ' but before

the job is loacec lnto stora.ge. Thus the ear"llest time wben

thejobmaybeloadecintostorageancwhenexecutlonmaybegln
I

ls A ir , given bY: '
rJ4

A.: : A,- + d¡' (2'2'r7)
-- JI Jr .J

The nean storage requirement, M, ls considereC

to be a function of tbe central processor tlme requestec by

a iob i, tj, anC hence:v 
M:M(t¡). (z'e'r8)

Slncethemeancentralprocessortlmesarerelatectothe
prlorlry classes, the mean storage requirenent nay be thougbt
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ofasbeinglroplicitlyrelatedtopriority'Thereis'
however, tro explicit oãl-utionship bet'¿een mean sto¡age

requirenient of a job and the prlor'l'by of a iob' It is

thuspossÍbletoCeterminethenean,M'oftheCistribut-
lonfromwhichtbestoragerequirementUilsselected'
assoonastbecentra}processortimerequesthasbeen
generated.

. It Ís assumeC

requirernents, vitLr !i

that the Clstr"lbution of the storage

as'the mean, is normal- and that

the stanCarC Ceviation is M/2'

DataobtainedfrorlltheUniversityofManchester

(fe) concer"ning storage requlren:ents r,¡1th their Atlas system

lnCicates tï:at the mean storage request for a iob j with

cen'bral- processor time request ti, CenoteC

be obtaineC from an equation of tbe form:

M - B(1 - "-oti) 
o (z.z.rg)

TbegeneralsbapeofthiscurvelsshownlnFlgure

2.L. The parameier B determines the maximum mean storage

requirementofalljobs,anctb:epa;-aneter"bdetermines
bow rapiCly the requirement rises to B wlth the central

Ðrocessor time reguest tr. the same norual generatlng
J

functlon used for central processor reques-r, 1s employec bere,

and 1s Cescr.ibec in appencix A. The value generatec for the

M r: can

for iob i ls lnstorage request, denoteC Rj

fractional form.

The main storage of some oomputers ls broken
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dol¡n into manageable sections, sucb as pages (ff) anC

tbese.sections are inCivisible r'¡hen storage area is assigneC.

For tbis reason, the fractional- storage request, Bj,

generated by the methoC Cescr"ibeC above, 1s converteC to

tbe smallest integer not l-ess than Rj before use ln

the model-. Since every job is assugeC to require some

storage, F j i= a positlve, non zero' integer".

' Io orCer tha-b i;he assumeC Cevice tj-me is proport-

lonal- to the size of tbe iob, the assu¡neC Cevice time is

cal-cul-ateC from

cj : Rj d

Vlhere R ¡ ls the integen 'úêlue of storage

.'- requirenient anC C is an input parameter lcnor¡n as tbe

device time nurnber.

To recapitulate, tbe job-mix parameters lnput at

the beginning of each slnulation run are:

N , the total number of jobs in the iob stream;

L , the number of PnioritY classes;

k , tbe PrioritY ccnstant;

rJ- . the mean lnterarrival ti-:ne for priority class
L'

cne jobs ;
EI, the mean cpu time, request for 'priority

one ¡obs;

C , the device time nunber;

B , the maximum mean storage request;

b , the r"ate 'at which mean storage requirements
. .lncrease i¡ith cqntral processor time '

(z.z .zo)
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Fron these job mix parameter"s, the arrival- times, A¡1,

the central processor. tirne requests, t ì, tbe'priority

numbor. I;, the assuilec o"ui." ti*"] di, anc the
J'J

stor.age requirernents, Rj, are deternineC for each iob

j in prlority class "I ln the iob stream. The jobs

1n eacb priority class I constitute a segment of the

job stream, anC have a mean central processor time request

of r[, and a mean interarrival time of rI '

2.' Tbe Job Stream Generator

The iob stream generator is that portion of the

siruulaiion moCel I'hich uses the job-mir parameiers anC tbe

normal anC. Polsson generating functions to generate the jobs

anC to make them availabl-e to the other port1ons of the

slmulation model as the simulation run proceeCs.

Jobs are generatei as job sequences or streams

by priority class. A generatlon list is Cef j¡eC l'¡ith one

entr¡r or. sloi for each priority class, whlch contains the

next available job iulthÍ:l the priorÍ.ty class referenced.

When the simulateC time of tbe ¡noCe1 reacbes the arrival-

time of one of the jobs ln the generation l1st, the iob

concer"neC 1s taken out of the generation list anC is referenceC

elsewhere in the moCel, leaving a slot free Í¡ the generatlon

l1st. The job-streaa generator is then invoked to fill the

empty slot vith the next iob of the priority cl-ass concerned,

follor¡ing the methoCs outl-lneC previously.

A flor¿ chart of the job-sti:eam generator operations
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is shor+n in Figure 2.2 '

. After the Nth job has been generatec, ar.rc

+h

placeC ln a slot in the generation list (the N"" iob

courl-C be of any pr"iority class), ho further jobs are genera-

ted, ensuringthat only the N iobs gener"atec aro processec

by the simulation noCel'

A sample jæ strèam is given in Appendix B '

2.4 l{easurernent of Perf ormange - qeneral--Discugsign

Thecriter^ionofperformanceusecinthesestucies

is baseC upon the principle of cost curves (a) and is very

slmilar to the cr.lterion useC by Fife (fO) ' It ls the

arlthmetic ruean val-ue of functions of tbe refative response

of each job passing ti:rough the simulator. Rela'tive response'

here, ls the ratio of elapsec time since the beginning of a

job, to tbe sum of the cevice time anc central proces.sor time

devoted to the iob. The function of relative response usec

1n the measure of performance ls a characteristic of the

priorlty class of a job and lt can be usec to represent the

cost of Celays to jobs fr"om each priority cl-ass

2.5 Service to tbe-CgmPuter-User

Ti:edurationofanyiobil"takentobethe
total time elapseC between job arrlval, Aif anC iob

completlon tj anC ls glven bY:

Arj : tj -ojr (2.¡.r)
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FIGURE 2.2 Flor,v Char't of Job Generatìng 0peration
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The tirne dur"ing r'¡hich the iob

being executeC ls gi-ven bY

is 1n storage and is

*
Tjojr,

where, vith dj being the assumeC Cevlce time,
time spent by the job in the i,¡aiting queu.e,

x-

A;r : A;r + dr oJr- Jr J

or
l+

ojt: Tj-tj:AjI*dj,

assuming no time spent in the queue (Aji : A¡i),

ÂTjrio: Tj-Ajr:tj+dj

(z.r.s)

anC:

(2.s.6)

(z.s.z)

anC l¡ith: no

(z.s.t)

The minir¡rum tirne whici: the job i"iill be in storage wil-l be

lts execution time, tj. Thus, for minj-mum processing tlme:

(2.2.4)tj

The tine devoteC to the iob

ls defined at job completion as the sun

anC the central processor tlme given,

Thus

Cj : tj*Uj

lack of attention of job

i'
of

¿uj

CenoteC T+ ,
I

the assumeC device

I

(2.5"r)

at, job completlon,The

by:defineC
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'The minimum

^ 
rlr.a l't

^.ul

lack of attention

(e.¡.8)

at job comPletion

x

P¡:

1s:

PJ nln :

attention of
n nrrr.r'l of i nnvvul/:v

:tj+ci : r- (z.s .g)

tj*dj

ajob i
At tinte

may

nt .1-J

be

CurlngcomputeC

execution

The lack of

prior" to iob

of job i,
x

4.,-Jr

the lack of attention is given bY i

( z.¡.ro)

t¡1-: j¡r
dj * cpu

ImeCiatelY after loaCing iob

ls given to iob i, that ls

attentlon is (with ojT : n¡i)t
*

P¡:A¡r -Air

--j-

(z.s.r,t)

ti*u given to iob i

j anC before any cpu time

ti : dj, the lack of

: uj : r (z.S.tz)

oj

P¡:

Thus lack of attentlon has a l-ower limit of one ' Flgure 2 'J

shol¡s ciagrammaticalty the relatlonships presented here '

In tbe stuCy of Chai (f) the penalty of a iob i

was tal<en to be a function of its lack of attentlon , IJ i'
and its pniority, rj. The penal-ty function P was then:
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FIGURE 2.3 Processing T'imes Dìagratn
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For mi nimum durat j on tinle , ATi
"m]n..

the time in oueue = 0, i.e., A.ri = Aj1;

the time in storage = t3;

and the duration time, ATi = d.i * ti.Jmin J J
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P¡ - P(oi,t¡) (z.s.:-t)

m1^^ ñõnal #rr r¡r¡stion chosen in these siuCies is iCenticallyJ LJ(j lJÚIla-r uJ -L I

equal tq the lack of attention " Thus job

penalty bas a l-oi¡er l-imi-r, of unity. The mean lack of

atteniion ( system pei:ali;y) is tben :

Àl
l\-._')
xt 1 t

-t': It'

,Nr5-
Nl Z--r

J-l
^?Í lë
fN=ñ¿-

j=l

+

þ¡ =
|Tt-'
-Ll - flll (2.¡.r4)

7.\J t¡' + d¡

anC also bas a lot¡er' l-imit of unj-ty. Tbis l-imj-t is reache C

when every job is processeC imrneCiately to completion t'¡ith-

out inte::ruptiOn anC represents op-r,irnal service to the user '

Higher sysietu penalties refleci poorer service to the group

of users anC hence a bigher cost of Celay.

2.6 U!i112:Ltion_gf_lhe Svstegt

In tbis research the util-ization of f"he central

processor anC raain storage are examineC. The utility of

each of tbese tI,Io resources is CefineC as the ratio of

CemanC to supply for use of the resource. A utility of one

(o= one hunCreC percent) implies conplete utillzation of the

resource, for CemanC less than or equal io supply'

Fron another. pcint of view, utillty of a resource

nay be thought of as the percentage of time Curlng i'¡hich

the resource is actuall-y being useC by jobs 1n the iob stream.
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ft is shor,'.rr that unCer ceriai¡ conCitions the two appr.oaches

to u.tility proCuce the sane val-ue (appendix D).

To the computer manager a resource is harCr.rare,

anC to the ha.rCr¿are he atta.ches a cost or value. Figure

2.4 shol,is a hypothetical- curve relating cost of resout-ces to

number of resources. Hor.¡ever, if the manager must ' glve

a Ciscbunt cost of Celay¡ .or penalty to users rr'hen

ser"vice is poor, this cost of Celay i,¡ill increase as the

nu¡nber of resources is reCuceC i,¡ith a constant job stream.

Figure 2.5 slrol,rs a cur?ve expressing this relatlon anC F igure

2.6 shor..¡s a sllperposition of these tr,¡o cost curves, irnplying

that a certain numben of resources may be chosen to achleve

mlninurn costs f or a constant job stream. Ilo attempt ls
,..

maCe in this stuCy to Ceal- r¿ith specÍ-fic examples of these,

hor.rever. 0f greater interest is the varlation of cost of

delay(penalty) r.¡ith the number of resources.

Tbe utility of a resource is inversely relateC to

the nur¡ber of resources for a constant job str.eam. Hence tbe

utllity can be useC in place of the number of resources, for
a constant job str.eam. Further, some properties of tbe cost

of Celay (penalty) rr a function of uttlity can be predicted.

For" thls reason utillty, as defineC, plays a large role

ln the lnvestigation.
The utillty of the central processor, denoteC Uo,

ls defineC as the ratio of time CenanC on the central processot" 
i

to time supply of the centr"al processor. These quantities can

be determineC from the job-mlx parameters.
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FIGURE 2.5 Sketch Shot';i nq
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FiGURT 2.6 Sketch Shovri nq
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The demanC on the central processor 1s for

execu'bion tine. At any time Curing tbe simulation run, the

niean demand may be shor,¡n to be :

D : mI L,o mr L, (2.6.r)
*
.-r

lrher.e Do is the CemanC f or execution time per seconC;

ilI, rl a.re the mea,n central- processor tirne reques'b anC

mean interarr.j-val tirne for jobs of priority class one anC

L is '¿be rrunber of prionity classes.

The amount of time i.,4rlch the central processor

can allocate to jobs Curing one seconC j-s a time of one

seconC less overheaCs incur"t'eC by the super"visor. If the

- over.hea.C per seconC is much less tha.n one seconC, the supply

ls approxirnately one.

Then ùr .,

Uo )a fl" mr- =rL. (2,6.2)r11

It ls to be noteC that the cpu utility, U^r reaches

unity when

1"1

and ls l-ess tban unity tn¡hen

( 2.6.4)r1

If saturation can be said to occur when Uo becomes r

unlty, the last r"elatlonsbip is the necessary conCition to

avold saturation.
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Tbe utllity of main stora.ge, CenoteC Ul-,

ls CefineC as the ratio of demanC oh, to the suppl-y of,

main storage, lrith Cinension Iunits "timaJ

. For. a job strea.m of N jobs ( j : 1...N) each r,¡ith

execu.tÍon tirne tj anC maj-n storage r.equirement * j,
the dlernanC , ' Ð1, is :

1s

wl'

Dt:

If the

T and

the supply,

N
\/!ñ) u¡ñ. .JJ

J-- I

'l-'i rno 'r"a¡n r tï r¡o'lurrrJv ¿ vYurr vs

the available

(2.6 .s)

to process these N jobs

units of main stor.a.ge is
sl, is :

rjoj. (2"6.r)

(z.o.a)

r"elation for

sl :

The utility

ul :
st

loaCing) of tbe main storage is ti:at

ffit
N

\---7
1_-
j=r

tjRj

fr{r ( 2.6 .6)

of maln storage, then, ls:

D1

As ln the case of centr.al pr"ocessor utllity, the

conCitlon requireC to prevent saturation (or Very heauy

In appenClx D

storage utllity ls der"iveC,

an equivalent

-n-"^ì r .IJoru('J.J .'
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(2.6.e)

N(.-'r ,ot: ¿.-\
j=t

*
rj - a¡1) n¡

( z.6.ro)
w-TI

In adCition to the cpu utility Uo, the

storage utillty, UI, 
r¿ 

the storage occupancy, 01t
4

anc the system penalty hl describec, other cata are

pnoCuceC at the enC of each simulation '

The stancarc deviation of the final job penalties

ls deter¡nlneC from

wbere RM, is the sum, over the number of pr"iority

c1a-sses, of the rnean storage r"equlrement of jobs of each

prioritY cl-a-ss (aPPondix D)

Another qua-ntity relatec to stoÏage utility is

usec in this research. This quantity is call-ec storage

.j occupancy, 01, anc represen'[s tbe percentage of tj:ne r'¡hen

storage is unavailable to othe:: jobs. For example, a iot'

requesting tvo seconCs of execution time anC three sections

of storage w11ì- have a coniribution to utllity of six'

If this same iob resides in storage fo¡ tên seCoI:Cs before

lt ls completec, tbe utility uill r.emain the sarne, but the

'j occupancy r,rlll be ten multiplieC by tbree, of thirty,

representing the resource time monopolizec by tbre iob.
+É

If the time of arrlva-I in storage of iob ; is A¡f

anC the conrpletion time is Tì, the storage occupancy is

CefineC bY



34

\2

)

N| /<-
ñ(¿,

f =l

+\¿
Ð. ItJ I

(2.6 .tt)

and is or-ltput.

The slmulateC time for the simulation,

ls ou1;put as i+e11.

2.7 9pera.ti"9n_o! the_,Þimulatjon L1gCel

A str"uctureC but variable job-st::eÐ.m as Cefined

1n Section 2.2, is run througT: the simulati.on moCel-. This

section Cescribes the operatlon of the siniulatlon moCel,

the banCling of jobs anC the processing of tbe results of

the simulation ru¡

Tbe generation list, CefineC in Section 2.1 is
a llst of the next jobs to arrive, by prior.ity class. l^Iben

the slmulateC time r:eaches the arrlval time of one of tbe

jobs in the generation list, that job ls transferred from

the generation list to one of tr.¡o other" lists. The executj.on

1ist, with Wo sl-ots, contains those jobs whlcb are being

executeC and are being al-locateC central processor time.

Jobs in the execution l1st have been assigned resources 'øh1ch

remain asslgned until the accumul-ateC centr.al processor. time

allocateC equals the centr"al- processon time r.equesteC for the
job. trIhen job j, l¡hich occupies one slot in tbe

execution list has r"ecej.ved lts r"equesteC cpu time

tj, the slot is maCe available to anotber job, as is storage

n
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R. Contributions of job j to system penalty anC tbe '

J
utilities anC occupancies are stored for process ing at the

conclusion of the simulatj.on run. Onl-y those jobs occupying

slots ln the exec-u.tion list receive central. processor time,

tie up resources, anC can be processeC to conrpletion.

Tbe other. l:ist to be iefineC is calleC the i,raiting

queue, anC has a slots. If a job r"rhich has just

l¡ecome avail-able for execution (at time A¡i )

imr¡eCiai;ely be placeC in the execution list because no slot
in the execution l-ist Ís free or. because insu.fficient storage

ls available, it is placeC ln the uaiting queue for process-

ing at some later" tiroe. As jobs in the executlon l-is'b are

completeC, sl-ots in the execution l-i-st are freeC anC resources

are releaseC. At such times the r'¡aii'ing queue is scanneC

f or" jobs r¿hich can be tben accotnoCateC. If such jobs are

found tirey are tr"ansfer"reC from the t'ralting queue to the

execution l1st, freeing slots in the queue anC filling slots

in the execut:'.on list. These operations continue untll all
the N jobs irr the job-nix are cornpleted.

the transfer" of a job from one list to another",

that is from the generation list, to the execution list, fron

tbe generation list to the l.raiting queue, from the waiting

queue to the execu-Lion list, anC removal upon completion,

of jobs fnon the e¡,ecution 1ist, is a simple anC straigbt-
for+¡ar"C oper.ation. AppenCix C llsts the data kept f or each

job ln each list.

cannot
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0f rnore inter.est are the algorithms useC for select-

ing jobs to be transferreC froin the i'¡aiting queue to the

execuiion 1ist, anC for al-l-ocaiing central- processor time to

those jobs in the execution list. In this r.esearch fou.r

algoritbms rrere stuCieC for the former opera.tion anC a

rounC robiir variable time slicing algor.ithnr simil-ar to the

one useC by Chal (f) is useC for all-ocation of central-

processor time

A general flor¿ Ciagram of the moCel useC by Ch:ai

is shor"nr ln Flgure 2I. As seen in the Ciagr.arn, operation of

the moCel rnay be consiCereC in terms of the folloldng routines:

- a sr,¡J'l,chins routine is useC to Cete::mine r¡hether the

quanturn all-ocation routine or the sea.rch routine is to be

executeC anC select,ion is maCe CepenCing upon 'n¡hicb of tl:e

two l¡as executeC last anC r^¡hich of the tbr.ee paths was taken

on the prevlous cycle. The si.¡itch table ls presenteC in

Tbbl-e 2.L. Vacant entries ocÇulâ because only certain cornbina-

tions of last routines anC last path-numbers occuri Curing

execu-r,ion of the simulator (f);
the quantum-allocation rouiine, whl-ch allocates cen-bral

processor time to tbe jobs currently in the execution list;
the event control routine, which selects arriving jobs

fnom the gener"ation list, places tbem into eithe:i the

execution list or waiting queue, selects jobs from the waiting

queue for transfer to the execution l-ist, anC whlch includes

supervisor over.heaC time, representlng the time spent by the

computer system hanCllng tbe job-sfuearn, allocating, accumulat-

lng anC so on t
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SI'I_ITC}I TABTfi
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Last Pr"lnrary Foutine

Sear"ch

Quan't un-A1l-ocation

Quantum *
Allocation

Search



:" the search routine, r,ibich cetermines the nexr job ln the
executlon l-ist to be servicec in the rounc robin cycle;

tbe service r.outine, which acniinisters ilre the central
processor time allocated to the job founc by the sear.ch

routine;

processor time received by the job serr¡iced; anC

the reiloval- routine, r,lhich removes a job from the execut-
ion list r,¡hen its central, processor requir"ements have been

met anc cal-culates the job contrÍbutions to system penalty
anC the u'cilities and occupancies.

0f these routines, tbe event control r"outine ls of
greatest inieresi;. A f]ov chart of the event control routine
usec by chai is shoi,rn j-n r,igur.e ,2.8. This ciagram shor¡s

generally the loglcal operations rec¿uireC in banCl-ing arriving
jobs, the waiting queue, anc shows the inclusj.on. of an over-
heac time for" supenvisor operations. rt was consicerec by
chal that a time of 0.01 seconcs for. a super"visor cycIe,
representing about three thousand instructions on an IBI4 160/65
computer" '¿as real-istic. This same time is usec in tbis
researcb, anc the par:ameter for supervisor cycle time is
CenoteC Tr..

2.8

Thg Ygr"iablg Time S]_ic_e_

central- processor time is allocatec to jobs in the
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FIGURE 2.8 Flor,r Chart of tvent Control Routine
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executlon tist on a rounC robin basis ' A rounC robin time

ofT¡iscefinecsuc,lrtL:aieaclrjobintheexecution
list r.eceives some execution time every TR seconcs,

approximately.Interruptionsoccurr.ingfromtimetotime
duringajobIstirne^s]icecausethesupervisortoincltr
overhead, resulting in the cycle time beirig sli'glrt'ly greater

than T-. Also, a iob coul-C be completeC Curing its
ñ

timeslice,Tasultinginasligirtdecreaseint'necycle
time.Noaccou¡rtistakenofthefa.cttilatajobis
c].osetocornpletion.r'¡henttrejobtstirnasliceisbeing
calculateC.

S}otsintheexecutionlistareconsj.cerecas

resources.EacbjobrequiresoneslotintheexeOutionlist,
- of vhich Ttro are initially available '

Tbe variabl'e time slice algoritbrm useC allocates a

time sl-ice to iob i, tUj according to the equertion

TRj : gj Tn for Tnj

anC

rnj : Tnryi f or *j__tl 
_ . Tnu ,Q 

'B 'z)

i.si
i=I

rnrb¡eresistbenumberofjobsbeingslmulianeously]
processeC ( occ'upying slots in the execution l1st) '
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Tbe quantity TnU

slice ,anC represents the va.Iue

vhicb overT:eaC becomes crucial 
"

ls taken to be O.O1 T¡ (r) .

The quantity B¡ is

defineC by i

is cal-leC the minimum tlme

of a tirne slice belor¿

fn this research T-',n
.ñIII

an augmenteC lack of attentlon,

(2.8">)Bi : Ati ] uj :-: 
P¡ -l .

ñ..J

Since C; is proportional- to tlie size of the iob,
J

tbe algorithm favors larger jobs by giví-ng then la.rger iime

sl-lces than jobs i+itb smaller storage requirerirents, all
other things being equal.

2 .9 Rgsoul*ce $aqCiqg_in the*Slmulatþ¡_$o_Ce]

At the beginning of each simulation the parameter

1I..', representing the number" of storage sectlons available,
I-

is input. During the simulatlon run a seconCary quantlty,

Wo ls rúaintaineC wbich r"epresents the number" of storage

sections available at any time t Curing the run.

llben some job j ls to be testeC to see lf it
can be loaCeC, into cone, tr.¡o conditlons must be satisfieC'

A slot in the execution list must be free, le:

( e.g.r)wo

anC sufflcient storage

s

must be available::

ÅrlhIt (z.g .z)
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rf these concitions are satisfiec, ihe job Ís consicerec as a

possibility for acceptance into the execution list. The

fj¡al- sel-ec't ion of one job frorn tl:e l-ist of possÍ-bil-iiies

is made by applying the iogic of the queue selec'l,ion

algoriihi'rr. LTpon accepiance of a iob i, s is

incrementeC by one anll R i is sub-r,racteC frotn 1¡I* .
JE

r¡Ihen some execttiing job j has r"eceiveC its

full central processor time, it is removeC from tlre execuilon

lj.st, s is CecrementeC by one, anC R i is a-CCeC to

W-. Tbus a sl-ot is nor+ avall-abl-e for *noin"t job anC
U

R . more storage sections are available as r¡ell.
J

Upon job coi'npletion the coniribuiions to storage

utili-r,y anC occupancy are storeC the psoCucts ttRi anC
------¿ .'+ J J

tm n \ o-i respectivelY.\r j - ^jIi '.J

2.7.A A]@1eg!ion-of Jgbs lron the-Uaiting Qugue

Jobs r+hich arrive anC cannot be immeCiately

accomoCateC are placed in the l.raiting queue as CescribeC in

Section 2.7. t¿Ihen the i.¡aiting queue is full anC a job is

scheCuleC to a.rr:ive, the arriving iob is left in the generai-

ton list until a sloi in t'ne waiting queue is free, ât whictl

time that job is placeC Ín the l"aiting queue. For tbis

stud.y, the queue length was set at tiuenty. The queue \'Ias

founC to fil-l up only as the utilities approacheC unity,
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that is, as

or as

tl--t.r-L ?

(e.ro.r)

(e.ro.e)

For utilities l_ess than o.60r the nurnbei: of ruaiting jobs

di-C not exceeC fif teen '

Ifther.eisonl-yonejobintbel¡altingciueue
r¡hicb can be accomodated in the execr-t'¿ion list anc by the

cu'rentlyavailableresourcesrtbetaslcofsel-ectionis
triviat.If,hor¿ever,tberearetr,¡oormorejobsr,¡bich
coulcbeaccornocatec,Somealgoritirmmustexisttocecice

which one ls to be transferrec from the r¡aiting queue to the

execution list, as mentioneC in Seci:ion 2'9'

Thefourqueuese]-ectlonalgoritiimsinc]-udecin

the moCel are:

1. First come - first serveC:

selection of iob i sutch tbat

ìç l+

A-;--Jai Jrj

for j equal to each member of the waiting l-ist

which can be accomoCatei ;

2. First _come _first -seï.vec -by -priority -class:

selectlon of iob I such that

ïi

for j equal to each nember of the vaiiing
].ls'b exeePi 1;
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' anc x-*
A ./'

^Íri \ Ajrj ,

for. all j r,rittr tj : t, ;

7. Higbest - penalty - first :

-, selection of job 1 such that

(e.ro.¡)

( z .r0.6)

for" j equal to each member of the
..-, -'+-'*^ -ì -wc.r,Jrrrè3 -,-ist r¿hich can be accomoCaieC except i;

4. Shortest - job - l¡ith - highest siorage

requiran en-r,s - f irst :

sel-ection of job i such ihat

__' _1___
t. (u,--Rr+r) /'/'' *-rt"-o "*U ' 

'

1' U r ' -J' tJ J

for all- j in the r,¡aiting list r,¡hich can be

accomodateC except i.

For any of the four queue selecifon algor.lthms,

only those jobs in the l¿aiting list l¡hich are }cror+n to be

possibllities for acceptance are testeC. fn the event tbat

two jobs both satisfy the logic of the queue sel-ection algor-

1tbm, the job testeC first is accepteC from the iraiting queue.

An input parameter, 4", 1s set io the number

of the queue selection algonitbrn to be useC in the simulation.
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For instance, if jobs are to be selec''ueC by queue selection

algor"ithm three, higbest-priority-fir"s'c, A, i. set to
three.

2.1I Swnmary-

Thj.s chapter. has Cesc¡ibeC the job str.eam, the

operations of the sirriulatj-on moJ.el-, anC the output statistlcs
froni the rnoCel.

The outpu'b statistics arei
,"-N+rN-x'

sysiern penalty ?'; --- I Z pi - t I, (Pr)
I\ j=l I\ i=l

cpu utillty Uo : rl rL
r.

.: -l-

Nsto.age utility ur : n*,- 7 + D rr1 Ru
.ttrv1 4 ui ñi : ff íi:í=r "r

N

storage cccupencJr 01 : 
ù ã 

(Ti-Air) Ri

The job-mix parameters are:

number of jobs N

number of pr.iority cl-asses L

pniority constant k

mean interarrival time, priority one 11

mean cpu time, priority one tn1

maxir¡urr mean stor.age ccnstant B

storage time constant b

Cevice time nurnber rr
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Slmulation moCel operational Parameters:

. rrurnber of slots in execution list tr{o

number of s--l-ois in i^¡aiting queue A

rounC robj-n cYcle time TR

minimu.m tinie slice TnU

super.visor Cyc1.e Tinle T""

storage Resource ervailable W1

queue selectiorr algorithm to be used As - Ir2rl or 4

These listec parameiers are input at the beginning

of each sinulation. A iob stream CevelopeC from tbe job-mix

parameters is lîun through t'he simulation mocel-, r'those opera-

tions are a result of the operational par"ameters, anC the

;- inCicateC r.esul-ts are proCuceC at the corlclusion of the

simulation run,



C}IAPTEN fTT

A SruDY TO DEM]NIVIITItr A RF]LATTOI']SHTP BETI,^IIEEIiI

LA.CK OF ATTII]1I]TIOI'.I AI\D UT]LITY

t.l fntr.oCuction

Eacb sirnul_ation run proCuces a system pena.lty,

a centra.l processor (cpr-r) utility a.nc a stor.ag;e utility.
rf a series of si¡nulation runs is ma.ce i^¡itb a consiant
job strearn anc ciminishing storage, it rnight be expectec

tha.t the system penalty wou.lc increase, since the same

jobs are being processeC by a compuier r.¡hich is contin-
ually gro',,iing smaller. 0r if a series of sirnulaiÍon runs

ls made l.¡ith the interarrival times of t,he jobs monotonically

cec::easing, the systeni penalty might be expected to increase,
since the same conputer r¡ouId have to process more anc more

jobs per. unit of time.

Fi:om the Cefinition of cpu anC storage utilities,

uo: if L ì
r1

1 ,N.Iit ={'ñ1 4 t jR i or UI : t'L BM¿ j-l ,, rr ÌfWî
it is clear that both: Uo anC Ut will
Cecneasing inier.arrir¡al time TL, anC that
increase r¿lth Cecreasing available stoi:age,

, (Appendix D),

lncrease with

Ur l¡il1

wt.

-48-
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.It

proof, tlrat

can then be suggesteC aL

system PenaltY il-icreases

ttris Point, t+ithout

r+i.th utilltY.

1.2 /àÐ--E'JPJsåça-l Relation -Ð.g'Lyggn
Lack of A-t-lçg!}ol

eno-Uli$3Y

Tlhe PenaltY funetion Pi - IJi is useC

throughoutthesestucies.fnthiscasetlresysteinpenalty
{-q{ beco¡nes rhe maan l-ack of attention' IJt't' In this

sec-,.ion tbe rnea'n lack of attention is related to tlre

uti]-itiesirlal]empiricalmanner.ThepLlrposeofceriving
anctesti-nganempiricalrelationshipbel,veenmeanlackof
atteniion, ,Flt'f and the util-i-t'ie' Uo anC Ul is to

trytoestablishthecharacteristicsofthevariationln
a manner r,¡hicÏr is lnCependent Of the job-scbeculing algorithm

belngusec.I.tisthoughtthattheobservecvariaiionsof

trlU r+ith Uo anC Ul' for various job-scLreCulfug

algorlthms, might be explaineC more simply by reference to

theceviationsfromthecerivecempiricalre}ationship.
Both centrar processor ("pu) anc storage utilities'

I]oandU}respectively,aTedefinecasaratioofmean
demanctosupplyjxthecompetiti.onconcernec.Forthe
derivationofanempiricalrelationslrip,itisassumecthat
the mean lack of attention, ËYi results from such comPet-

itions as those for centrar processor time anc for storage '

Tr,¡o stipulations cn each competition are rnaCe:

1. As the CemanC approaches z'elo or the supply

becomes infinite ir any competition' tbe
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contribution rriaCe by that coarpeiition to

the maan lack of atbention approaches zeroi

2. As tbe supply approaches the CernanC, or vice

versa, in any compe'bition, the contrlbution

maCe by that cornpetition to the nlean l-ack

of attention approaclres infinity.

Tbese ti,¡o stipurlations are satisfied by a fcsrmz

3.2.t)

for each cornpetition, wìrere s is the sr,ipply anC D

1s tbe CemanC. Since utility is CefineC as:

3.2.27

the for¡n becones

11 .z J)

This form ( see Figure 7.1) is similar to one by Kleinrock (l) '

It ls assumeC that the contr"ibuiions raace by the

competitions for" the Cifferent resources to the mean lack of

attention are aCditive. An aCCitive relationship is just-

ifieC on the gr"ounCs that it is the simpl-est relationsbip

allor¿ing contributions from Cifferen'b competi'b1cns to be

lnCepenCell-,,. Since lack of aiten-t,Íon has a lor^¡er limit of

one, the fol-l-ovring equation may be '.^¡rit'ten:

ts-1
D

DU:I,

1t
ü
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FIGURE 3.I Grarrtr Shor^rinq the Funct'ion of Uti'lìty, f(Ll)'
Used in the Empírical Relation.
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IJ¡n

l'/n
\-\

t^/-r v O /_s.1
t-l.J !.

t_
U¡

-l- 
I (> .2.4)

for K corapetitions. Tbe coeff icient Co is

lncl-u.deC to a.ccount in an ernplrical manner for cont¡ibutions

to the mean lack of attention, AJM, maCe by parameters

and effects no'b explicitly inclucec in the cefir:itiotr of

the util-ities. In the par''bj-cul-ar" stuCy of this researcb:

two Compe-bi,l,ions, for cpu time and for storage, representeC

by utilitj.e* Uo anC Ul respectively, arre consiCereC:

Fu:1 + co ) , 3.2.5)+1 -1
uo

t-_ - I
U1

Tbe assunptions anc concitions governing tbe use

of tbls relationship must be stateC. A utility of one, or

one bunCreC percent, represents the real situa-r,ion ln l¡hich

jobs are CemanCing, on the average, everything i¡itbin the

particular. competition. The lack of a.ttention for some

jobs may be very high, but tlre mean lack of attention vill

probably not be infinite. For a utility greate:: tban unity,

the l+aiting queue r¿ill buil-C up r^rithout lin:it anC tire mean

laek of attention will become Very high. The relation

precicts infinite lack of attention at utility lcentically

equal to one. The mean lack of attention i¡i1l rise tol'¡ard

infinltywhen Ui : 1 + ( , foranycompetition

j, ivhere € = zero,

qulte gooC,ln this region.

The empii:lcal r"el-ation is
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, Ttre empir.ical rel-ation, Equ.atÍon (l.Z.S) is
probably CepenCent on the job-scheCul"ing algor-ithm for
heavil¡r loaCeC simul-aiions, that ls vrith any utility
approaching oner.and is probably inCepenCent of the iob

scheCu-ling algorithm for lightly loadeC simul-ations,

where all tbe utilities are much less tban uni*r,y. Variation

in the coefficientr' Co, may be useC to account for any

algorithn CepenCence and therefor" to uil-1 not vary untll-

high val-ues of utility ( U¡ l-, any i) are r"eached.

l¡Ihen any utility is ec1ual to unity, the waiting

queue l¡1ll- bu.ilC up very quickly " ]¡Iiirh a f i¡ite number of

jobs, the mean lack of attention r^¡111 not become infinite,
but r.rill, in fact be relateC to tlre numj:er of jobs in tbe

sinulation, since tbe series of job penalties, pI becomes

time CepenCent as either the central processor utll-ity,
U^, or tbe storage utility, U., reaches a value of'o' e L'

unity. When any utility is equal to unity, mean lack

of attentlon becomes a function of the number of jobs being

processeC

7 .7 $xpgr"imentalj-o¡-!o_.Tgg! thg DeriyeCJmlirigal Eelati-gn .

The rela-',Íonship beti+een mean lack of attentlon

trIpr anC the utilities, Uo and Ul developeC in ther Lrl

pnevlous sectlon, Equation (l"Z.S), 1s of an empirical nature

and lts valiCity can be testeC by comparison with simulateC

results.
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The coefficient, Co, niay be determj"neC for

each simula-tion run fron tire values of ìJru, Uo, Ul_,

the rnean lack of attentiotr, the cpu anC storage utilities

respectively. Equ.ation (l .2.ù may be rer'¡ritten:

PMl
c:oUo+Ul 

, 3.t.t)
1-Uo 1-U.1

!

to shoi+ tt:e calclrl-ation. F'ro¡n these va-lues of Co

1t is possible to best the .¡al-iCity of Ecluation (l-Z-S)

over a range of utll-ities.
It is Cesirable to use tire safle set of jobs in

each simulation rut: f o:r eacht study -'¡lrerever pOsslble. f n

tbe case r,¡bere a jobts storage request, R j, exceeCs tÏla'b

lnitially available, Wl_, the storage request ls

reCuceC ír'om R j to ,{.,. Tbe job wi}l then monopolize

storage r,¡hil-e lt is being pio""".eC.

Tbe eropirical relation ls testec in three ways in

tbis research. fn the first lnvestigation the interarrival

times of jobs in the job str:eam are systematically varled,

whlle everythlng else ls heIC constant. In the seconC i¡vest-

lgation, the number of units of available storage 1s system-

atically varieC i¡hile tl:e operatioilal- anC the iob stream

parameters are held consta,nt. In the tirirC investigatlon
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only the queue sel-ection al-gorithns are vai"iecl .

Tbe s)rstem penal-ty is the arithmetic mean of the

final- job penalties of the fifteen lrunCreC jobs pi:ocesseC

ln each r.un anC in tbese lnvestigations i-s tbe same as the

mean l-ack of attent-'lon ' TÌre reprodu'cibili-t¡r of this mÊa'n

value is CepenCent upon tlre Cistriburtioir of the final iob

penaltles of the jobs processeC. The range around the systetn
lt'

penalty, PIrl r'rj-thin which the popula.'cion ríean L.ies l¡ith

)J percent pr"obability (for nortnally Cistribu.teC fi.nal iob

penalty values) i" approximately (ff):

+ 2 6t't

Ã-a '

where ls the s-r,anCarC deviation of N final- iob

; PenaltY values.

Because of cer.tain amount of auiocorrelation exists

ln the final- job penalty values, a Ceviation fron tbls

r¡orrnal situation occurs. Thls Cevlation has been founC to

be a function of tlre number of jobs, N, but for values

of N greater tban 5A, tbe obser"veC range around tbe

system penalty within in'hich the population mean lies has been

founC (ff) not to exceeC:

iÃ+
Figure ] "2 shows the r.epr.oCucibility limit for various ratlos

of stanCarC deviailon to systern penalty.

trrlhen the standar.C Ceviation 1n system penalty equals

the system penalty, the range of confiCence in the system
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FIGURE 3.2 Confidence Range of System Penalty as a

fúnction of thä Ratio of the Standard
Oeviation ìn the System Penalty to the
iystem PenaltY vlith þl = 1500
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l-7.5 percent . of the observeC system penal.ty.

7 .4 TheJgliciÌ;y_of !þe*Empj.rica] Eqira!3gn_AsJllelalril'al=

Tlme is Va.r.leC.

stucli-es

ar.rival

betl¿een

f ron:

Th1s section Cescribos anC Ciscusses ti¿o simulation

conducted in each of r,¡hich no-r,hing but the inter'-

time of arriving jobs in the job strealn is var.ieC

test runs

For each tesL run a val-ue of C.., is calcu.l-ateC

uirl - 1

'̂o : _U"O_ * _-U-l*_
1-Uo 1-*Ut.

3.t.t)

Thus the empÍr"ical equation gives the value of FiU

actually obser.veC. A constant value of Co inCicates

that tbe empirical equation fits the slmulateC r.esults exactly

tbroughout the r,¡hole varjation of Uo anC Ul. It is to

be noted that system penalty a¡C mean lack of attention ca¡ be

used interchangeable because of the penalty function useC

(Pi : Pi) .

In tL:e first of the studies CescribeC (7.\ - 1)

ln this section one pr.iority class is consiCereC. Joro-mix

anC operational par"ameters helC con siant betr,reen simulation

runs are listeC in t'able i,L. The results obtaineC anC the coeff=

icj,ent Co calcr-rlaieC for each simulation run as the nrean

interarr"ival time for pr.iority one jobs ls varieC from 100.0

to 1.0 seconCs are glven in t'able 7.2. ( See AppenClx E. ).
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S N.{UI-'.{TI OT\I I'1ODEI,

CONSTA}]T FOR

TAB]-E ZI

PARAi..IETERS HETÐ

STUÐY 3.4*1

JOB -i/[X PARA]'.rE1ERS :

Prforlty Constant k

Itluniber of Jobs N

I¡lean C. P.U. tlme, pr"i-ority one rnl ( seconds)

Ivfean fnterarrival tir.ie, pr.iorÍ-ty
one 11 ( seconCs)

Nurnber of Pr"lority Cl.a.sses L

Besour=ce Request Sj-ze Constant B

Resource Request Ra.te Constant b

OPERATIO}IAL PARAI,ETEBS :

6.0

1500

1.0

varieC

1

6.0

o "46

10

2A

6.0

0.06

0.01

1.0

1

9

Length of Execution Llst
Length of I'Iaiti¡g Queue

RounC Robln Cyele Time

Mini-num Time Sllce
Supervlsor Cycle Time

Devlce Tln:e

Queue Selection Algorithm

Storage Avallabl-e

S

a

th ( seconCs)

thr.¿ ( seconCs)

TSC ( seconds)

C ( seconcs)

Ag

ÏIt



Interarnlval
tlme

r3l (seconds)

r00.0

8.0

2.O

1.8
| ^
r lrr.'i

L.2

I.1
1.0

Slmulated
Run

Tlme
( seconds)

¡.

TABIE 3.2

RESULTS 0F STUDY 7.4-I

Ù1755.4o

r r z)ra 6l
LL¿l t¿/av&

2840.20

acqÁ 8o
É)Jv.vv

2277.4O

L99L.7r

L709.95
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System
Penalty

l¿

q\T
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System
penalty

1.02
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r.48
lro
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r.89
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5.L2
D1 00

t+ See Appendlx E.
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2T .70

29.64
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2T .I7
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71.40
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0.40
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In the seconC stu.Cy (1.+-2) , t,,ro prio::iiy c--r,asses

are consiCe::eC. Tabl-e 1.1 l'lrsts the inr¡ariate job-rnix anC

operational pararneters, anC Table f .4 lis.bs the resul-ts

obtaineC anC the coefficient Co calculateC for eaclr

value of rrrean intera::rival- tirne(for jobs of priority class

one)as that time is varied from l-00.0 Lo 2.0 seconCs.

In botb siud.ies the first-cotne-first-seL:veC queue

selection aÌgorithm is useC (4. : 1).

F l:gure ).) sbor.¡s the coeff icienis Co determined in
these stuCies (l.U-"1 anC 1.4-2 r'espe ctively) as functions
nf l-Ìro ,'rï\ìt r'.*r''l¡'{--' TTur uLrv ,y., ùtility, Uorlrith a range CetermineC front the

stanCarC Cer¡iation (Section 1.4). It is seen tbat for l¡oth

stuCies, the coefficj.ents C^ are approxircately consta.nt
j for.:

û-o \-

.An approximate value of Co for stuCy 7.4-L val-iC in the

r.egion inCicateC, r,¡oulC be:

co : o.4o ,

and for stuCy 7.4-2 :

'a ^ 30.tO : \-/.(

Figures J.4 an1 3.5 sho\,¡ the mean lack of attention

measureC as a function of cpu utility anC that predicteC by

the analytic ¡.elation for stuCies 7.4-a anð, ).4-2, with
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TAB]-E 1.1

STI\fiJL'ATTON MODEL PANAI',i81]ERS }iEIÐ

cOr\lsTANT FOR sTtiDY 1.\-2

JOB.i.4IX PARA]"I81]ERS :

Priority Consta¡:f k

Nurnber of Jobs N

Mean C.P.U" time, PrioritY one m.l

Mean Interarrj.val Time, pr.iority

one 11

Number of Priority Classes L

Resource Request Size Constant B

Resour¡ce Request Rate Constant b

OPERATI Oi\AL PARAI'ETER S :

Length of Execution List
Length of ïIaiting Queue

Bound Bobin Cycle Tirie

Ivilnfunu-n Time Slice

Supervisor Cycle Time

Devlce Time

Queue Selectlon Algoritht¡

Storage Avall-able

6.0

1500

( seconcs) 1.0

( seconCs) vanled

2

6.0

0.46

S

a

TR ( seconcs)

Tniut ( seconcs)

Tsc ( seconcs)

d ( seconcs)

Ag

111

10

20

6.0

0.06

0.01

1.0

1

25
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tlme

rt ( seconds)

100.0
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4.0

7.o
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2.6
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2.0
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Bun

Time
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¡l
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RESULTS OF STIIDY 7.4-2
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Co : 0.40 anC 0.80, respectively. From these curves

it is seen tha-b ttre analytic relation hol]s ruel-l for
TTUO '\- V.\J\J, GIJL{ tJLJçJ-s ¿u u pvrvrJÕ

this range of cpu uti.liiy, peT'formence cbaracteristics

of the s1mul-ation moCel are Cetermina.ble from tbe utilities.

The cpu utility is given from the input parameters TL, frI,

anc]J:

U^: fn1 L
L,'

rf

anC the storage utlli'cy, using tbe equivalent Cefinitj-on
| :. n\ { - --.--^* t-.-(appen3}x Ð), ls gl-ven oy i

TT_ ln 1 R,"
"l : r**lYJ* .

"l- 
tJl

The value ñ-¡,1 may be Ceterminec from:

-bmI
\
Js

and T¡If is the number of units of storage avail-abl-e.

Thus the utilities and therefore the mean laclc of attention

are determinable from input perameter values for the range

of cpu utility inCicateC.

Figure s 1.6 anC t.T sboi.I mean lack of

atiention trlU relateC to 'i;he storage utility, U1, fo::

these tr,'¡o stuCies, i,rith Co equal to 0.40 anC 0.80

TespectÍ.¡ely.
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For cpu utility greater than 0'60 a var:iabl'e

coefficientCoisrequireciftheempiricalequation
lstofittheobservecresults.Thissuggeststbatthe
eo,uation, anC hence the coefficient Co become functions

ofthejob-scbeculinga}gor.ithmasanyoftheuti}ities
exceeCs 0.60.

1 .5 ÞrigÉy_.-e@-Eqseee! as Þt_orqgq

siåe iq-.Yegigg

Thissectioncescri.oesancdiscussestvosinulat-

ion stucies concuctec in eacb of r,+hicb noihing but the size

of the avaj-lable storage llir) is varieC beti+een tes'b runs '

,Asinthestuciescescr.ibecinsectionT.\,a

value of the coefficient oo iP cal-culatec for each test run

to ¡r,ake the empirical E quation (1 'Z'il f it the obseriveC

results.
Tbeon}ycifferencebetr+eenthetl.lostuciesof

this section, rabelled stucies 7.5-L anc ).J-2 respectively,

lsinthestoragerequestsofeachjobintbejobstream.
InstuCyT.5-Lrstor=agerequestsareCetermineCfromthe

inpu.t Parameters B anC b and from ihe ePu time

requestofeachiobirlnthemannerCescribeCin
section 2.2. In stuCy 1.5-.2 tne storage request of every

job in the job strea.m is identically one unit of storage '

The job-mix and operational- parameiei's helC

constant Curing both stuCies 7'5-L anl 1'5-2 âr"e given 1n
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Table 7.5. The finst-come-fi¡st-serveC queue selection

algorithni is useC (4" : t) .

The resul-ts obta.ineC anC the coeffici-ent Co

calculated, for each value of lIt as I{t is

varieC from 99 to 1 are sT.rol¡'n fo:r si;uCie s 7 -5-L

anC 7.5-2 in Tables 7.6 anC ).f respec'bively. The range

of confidence in the observed systetn penalty (mean lack

of attention) varies frorrl t B percent to : 20

pei:cent in both stuCies ).J-L an} 7.5-2, t^rith the higher

value occurring in boih t¿hen T,'I1 -. 1.

Figure J.B shot^rs the coefficieni Co as a

function of l{t for" stuCies J .J-I anC 3.5-2. Two features

of tbe curves sboi,rn are of interest, the ext::emely high
- value of C at l¡tr., - l- anC the difference in slope of the

oI
curves in the range of 1,'I1 from 6 to L5. In S ection

7.rl it uas stateC ttrat tbe coeff icient Co coulC incluCe

the contributions to aean l-ack of attention of all parame.bers

anC effects not explicitly incluCeC in the Cefinition of the

utili-r,ies. Tbe t¡o effects lqlrich may explaln the curves of

figure J "8 are super"visot" overheaC anC lgng- job-loaCing , -

neither of whicl'r appear explicitly in the utilities.
With eactr iob in the iob stream requiring all of

the storage available (See page 54), that is:

Ri : i,Il, al-l jobs i,

anC l¡ith the first-come-first-served algorithm, from iime

to tirne a priority class t¡ree job r.rÍ11 monopolize tbe
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JO]3 4,IIX PARAI.IE'IEFS :

Pri.ority C onstant

hTumber of Jobs

I{ean C.P.U. time, Prior"ltY one

I{ea¡ Interarr:tval tlnle, priority
one rl

Nurnber of PrionitY Classes L

Resource Request Size Constant B

Resour"ce Request Rate Constant b

OPERATIONAL PANA}MIEBS :

Length of Executlon List
Length of T¡Iaiting Queue

BounC Robin Cycle Time

Minlmum Time Slice

Supervisor Cycle Time

Ðevice Tlme

Queue Selectlon Algorithm

Stor.age Avail-able

ST}f'JLATIOi\]

COI'ISTANT FOA

rêBLE*rj5

IVIODEI, PARAI'{ETEBS }TEIÐ

s.ruDY 1 .5-r anc (l.s-z)

( seconds)

( seconcs)

( seconds)

1rrL

ïT

tr-
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1.0
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7
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( o.o)

( o.o)

cL

a
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20

6"0

0.06

0.01

r.0
1

vanled

Tnm ( seconcs)

TSC ( seconCs)

d ( seconcs)
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fT.1-.f -l -{ *.c
U t/!IJ- tJJ

TT -'l ôl'lu O^rvv

L.7T

17,7L.z/l

1 t7f\
-. I J

-l Q,.z-L.\-/ f

2.7'
2.87

3.71
I9A

t.o2
9 .4)

Storage
TT! J 'l -' J---u urrl.uJ
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-/./ . -/ |

26, oÃ
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qz Áo
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FIGURE3.BVariationoftheCoeffic.ientCor.liththeInt.ita]l-vAvai]ab]e
Storage, for Stuclies 3'5-l and 3'5-2
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computerr holCing up shorter jobs of higher prior:ì-ty

(l-or+er. prior.ity cl-ass number). This r¡j-ll r'esult in a

higher mean l-ack of attention anc hence Lrigher coefficients

Co. For stuCy 7-5-L , t'tbere the mean storage

CeinanC of all- jobs (nrea' Ri) can be shoi'rn to be about

five units or sectioirs*-, the effect t'il-l pe'sist until

Ï,If is equa1. to at least five, perhaps ten' The coeffic-

íentco.calcu-]atec.forlor.¡er-valuescfl{tÍnstucyl.5_L
will.behigherthanonenLightother.r.¡iseexpect.Tt
is not u.nreasonable to suggest that the effect r'¡i}l fal-l off

not abrubtly, bub gentl-y i.¡ith 1,,11. The obse¡vec effect coes

not cisappear until w1 is approxinra.tely L5 ( see FiguLre

1.8) that is, three times tbe mean stoi:age requesb

InthecaseofstucyS.5_2,r,+iththemeanstot:age

recluiretnent equal to one, anC by the argument above' the

va].ueoftbecoefficientatWl:fshoulcbethesafne
as tbat for stucy 7.5-L , anc tlre effect of long-iob-

loaCing shoul-c cisappear at three times the mean storage

request, or at 1ñ1 :1. From the curve for stuCy 3.5-2

inFigure 7.8,1t is seen that the coefficlents at w] :1

. are very close f or the ti,¡o stuCies anC tha,t for stuCy 7'5'2

tbe coefficient falls off very rapicly anC reaches a minimum

in thre neigbbortrooc of wI : 5. Tbis coes not justify tbe

pr"eceeCing argument, but Coes help to support it'

Supervisorover.heaclsalmostcirectlyproportional

to çre number of jobs being simultaneously processec (t)' rt

lç the mean storage r"equlrement ls approximately given by

" L -Ìrm-liiean Bi : ^+ 5- n1 . B (r - e "^"t)
¡t ./

r. 1
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isreasonabletosuggesttlratbiglrerover.headsl+il}cause

the sys'bem penalty to increase, anC as a result' the

coefficientsCo,toincrease,sinceoverheacrecu'cesthe
amou¡tofcputinreavaila'olefortlrefulfilmentofrequests
by jo'os for cpu time' Ver"y simply' tben' the rilore jobs in

storage being executted simul-taneousl-y' tbe higher tL¡e

coefficientCo,altotherthingsbeingeciual.with
eqrral. to one for al-l jobs i' the nun'rber of jobs

canbesirnultaneouslyexecutecisrelateccirectlyto
number of unlts or sections of storage' tr{l-' This

account for the positive slope in the curve for stuCy

from 1¡ll : 6 to 1,'I1 : 10 '

0ccupa-ncy (Equation e '6 'fO) may be useC to sbor'¡

sone effects of space sbaring in stt'iCy 1"5'2' where

,y : f6\r.01 (ranle 1.7) and Rj : 1 for al-l jobs' The total

timespentinstoragebyjobsisthengivenbytheprocuc.b
(7641.01 01 ril1) for each run' I^iith wl : f ' tt¡e procuct

is about Srglo seconCs, representing serial- processi-Irg' l¡lith

wt7 7, tbe Product is

( see Table 1.7), 1mPlYing

benefits for this studY '

-'r
that
!l^^
L, fJ(J

mâ\7

-7\ tr'-2
-/.J *

constant at about B,6OO seconCs

a maxj.mization of spece sbarirg

Tberefore, at most ser'ren jobs are

processec simultaneously, vith a mean of about tuo (86ß9'g)

when llt
FromTablesT,6anlT.T,andfromFigureT'B'

the constant values of the coefflcient co may be taken as

1.00 for stuCy 1 .5-_ anÒ O 'p0 for stuCy 1'5-2 ' The range

of confiCence in these values is at least B pe'cent (Tantes

J.6 anl 7.7,1¡ith Section f 'Ð ' Thus a coefficient of 0'Ç5

naybeusecforbothstucies,slncel.tlleswj-thintÏierange
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ofconficenceforboth.Fi'gureT.gshol.rssystempenalty
(mean lack of at'çention, ptf) as a function of sto'age

utility, Ul, with Co : O'g5, l'iith the observeC Cata

frorn siucies ).J-_ anc 7.5-2. For t'ne storage utility less

than 0.Ito the empirical equation is seen to hol-c reasonably

well-

DÍ.ver"gence of the observed mean l-ack of attention

froni that given by tbe ernpirlca] equatÍon for s'co¡age utllity

Iar.ger than 0.40 ha.s been attributeC to the effect of long-

job.Ioacing.Atas't,orageutili.tyofapproximately0.50,

f or botb stucie s 1-!-l anc 1 '5-2 (T.¡1"" 1'6, 1 '7 ) tne

processing beconies serial r.¡ith jobs being processec i'n tbeir

arrival sequence. Fon the first-come-first-servec queLle

sel-ection algoritLrm ¿rnc for ihe particular iob slream studì-ec'

the acquislt,ion of sufficient stora.ge to perrnit tirne anc

space sharing procuces a clear irnprovement in simulation mocel-

performance.

1.6 yeiilitv or lhg-Empryl ion-Hitb vari!'-tls

Qu-eug Selggtion AlgorlthEts '

Thlssectioncescribesancciscussesfourstucies

conductec r^¡hich ciffer only ln the queue selection algoritbm s

usec. The quantum allocation logio is constant anc corres-

ponCs to that useC previously (Sections 7'4J'5)' The

queueselectionalgorithms,whichar'efullycescribecin

Section 2.5, are: one, first-come-f irst-ser'vec; two, f lrst-

come-first-servec-by-priority; three, bighest-penalty-first,
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and f our, short e st : j o'o -l¡ith -h ighe st -main - st orage -r:equ'iretnen'b -

first.'Eachstucyinvolvesvarrylngiheinterarrivaltimeof
the jobs and observing the change in the systern penalty

(mean l-ack of attention) '

Aslnthestuciesprevior-rslydescribec(Sections

1.411.5) a val-ue of the coefficient Co is ca'lculateC for

each test run to make the ernpirical Equation (1'2 'Ð fit the

observeC results

Tbejob-mixancoperationalparametershe]-cconstant

durÍr:g these four stuCies are l-lsteC irr Table 1'B ' The results

and calculatec coefficients aTe given in Tables 1'9, 1'10'

7.I.., anC 1.L2, correspouCing' respectively' to stuCies 1'6-L

( first-come-f irst-ser.vec ), 1 .6-2 ( first-come -first-servec -by-

priority),1.6-7(frigtrest-penalty-first)anl3'6-\(shcrtest-
job-r+ith-targest-storage-requirernent-first) . \a]ole 1'9 is

a repeat of Ta})ke 7 '1 (Section 1'\) ' The coeff icients

calculatec f or these stucies are summarily l-istec in Tabl-e 1'I3'

Examination of Table s 1.9,3.:Io,,.1]_' anc 1.I2 revea]s

that for any particular value of interarrival time greater tban

2.2seeonds,theresultsarelargelyincepencentofthequeue
selection algoritbms. Ru¡ time, system penalty (mean l-ack of

attention), stanCarC Ceviation ln the system penalty' tlne

utllitles, storage occupancy and coefficient co valay from algor-

lthm to algorithm by less than five percent' since reprocucib-

llit,yofresultscannotbeguaranteecr,¡itbinfivepercent,ther.e
seems to be no significant cepencence of results on tL:e part- i

lcular"queueselectionalgoritbmciroseninthisregionofutility.
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TAÐ4*Lq

SIyI{JLATTOI{ }TIODEL PARA]MTF"RS }E]-D CONSTANT

FOB S1',{JDY 3'6*L, 7'6-2' 1'6-'1', 1'6*Lt

r ûP -{{!4*Ë48år;EgEE Ð.'

Prlorlt¡' Constan'L

Ntm-rber of Jobs

Mean C"P.U. tirre, PrioritY one

Iviean interarrival time'
PrioritY one

Nuriober of Prto-citY Classes

Resource Request Size Constant

Resour"ce Reqr-test Rate Constant

gryËåEIçNr¡ psFÊ,t¡EEEBÞ :

Length of Execution List

Length of Waltlng Queue

Round Robin CYcle Time

l{i¡imum Tinre Sllce

SuPervisor CYcle Time

Device Time

Queue Selectlon Algorithm

Storage Available

k
rT

mI ( seconcs)

6.0

1500

1.0

varleC

2

6.0

0.46

t.\l3r (seconcsT_I

r,
nÐ

Ìa

S

a,

Tg ( seconds)

T¡¡4 ( seconcs)

Tsc ( seconCs)

c ( seconcs)

As

W1

l0
20

6.0

0.06

0.01

1.0

varieC

25
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pé9LE__tu]Z
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Tablet,ATshor,rsthecoefficientsCoC'etermineC

from the util-ities listec. For the l'an8e of cpu utility

for i+hich the coefficient co coulC be assumec constant

accor.cing to the ciscussion of chapter three, narnely cpu

utility less than about 0.60, tbe saae constant coefficia-rt

Co, 0.80, can be useC for al-l- f'our algorithms' Figure 3'lO

shor¡s ülean l-ack of aitention rneasurec for" each algorithrn

anc cal_culatec r,+it¡ co equal to 0.80, fo' cpu utility

va-'t-ues from ze1o to unity. Figu.re 7.LI shot'¡s IJf'¿ 
'versus

sto::age utility. The measurec data is i'¡el-l- f iti;ec by the ana-:

lytJ-c curve for cpu u-tility less tiran 0'60'

Theunusua].conc].tisionthatmaybecrav¡nfromtlris

chapter is that the perforrriance of the simul-ation mocel is

indeperLcent of the queue sel-eciion aÌgorithm fo¡: values of

cpu utilii;y up Lo 9I%. At a cpu utiì-ity of IO@ ' 'che

measur.ec nea' rack of attention for tbe queue selection

algorithms one to four, are g.54, 6.49, 9.f8, anC 6'L9

respectively, repï.esenting a variation of nearly fifty percent '

Thus tbe queue selection algorithm aifects performance only

1n extremely heavily loaCeC or saturateC systems, liith cpu

,,1-i'lÍiw rrer"v close to unity. UnCer. these cOnditions tbe
uvr!!v.] Yv*e¡

algorithms choosing jobs earl-iest in arrival by prioriiy class

or choosing the shortest job wiib highest storage requirement

appeai, to pr"ocuce beiter perfo::mance tban those algorithrns

choosing jobs on a first-come-firsi-serveC basis or clroosing

the job r.rith tlre Lrighest penafi;y. one feature in conÍnon with

the tr+o more successful- qucue sel-ection algorit'nms is that

they both choose sT:ort jobs in preference to long jobs, leaving
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tbe l-onger jobs to be processeC Curing perioCs of tine when

sbo3tel. jobs a¡e not arriving, in this case, p¡obab1'y just

prior to ccmpletion of the sintr-tlation run '

7 .T Cgpglugig4s -o..!- !'ng-Si4

An empirical eo,uation r,ras suAgesteC to explain the

variatj.on of fJf,l ln a rnanneT? r¿bich is inCepenCent of tìre

details of t1":e iob st::ean or the joT-' sctreCuling algorithrn'

The equation is:

,1
fJ,n:1 +c- l*i**-:trtLo\--]-

TTvo

The value of tÏle coefficient C6, t'¡hicti \'¡as appro-

pr,ia-be in the range of utility f::on 0 to 0.60, appears to

CepenC on the nurnber of pr"iority cl-asses in tbe iob stream '

hlith the main storage large enough to pe¡mit space sharing, the

values of Co 'a3e 0.40, O.B0 anC O.95 fo¡ one, trnro anC three

priority classes, respectivelY

values of IJyr calcul-atei r.¡ith a constani coeffic-

ient T^reï,e founc not to fit t'ne observec values of Fit in

the range of utility 0.6 to 1.0. Tbe equation appears to be

depencent on the iob schedul-ing algorithm in this range of

utility, wlth marked Cifferences occurr1ng for" utility values

exceeCing 0.80. Tbose al-gorithms i¡hLclr tenCeC to select

sborter" jobs from -r,he vaiting queue in preference to longer"

jobs pr"oCr-tceC up io !O percent better performance than otber

1+'a
I .-l

I

ll

"l

) . 3.2.5)
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algorithrns s-'cu.CieC. These r.esults inCÍcate tbat the sel-ection

of a .job-sctreCuling a1gorl-uhn is only significant for conputer

systems r+hich are heavily loadeC for at l-east part of their

opez'ati.ng ti-nie ( ttrat is Uo or Ul

For ut:llity val-ues of unity, a coefficient value

of zero uas requirec, sinc,e tbe obser.vec values of Flol

r"ernaineC finite. It i.¡a-s suggesied that flf,f CepenCs ol'l

the nuinber of jobs in the job str.ea.rn sj-nce the seiries of final
l+job pena.Ìties, pj becomes time ceponcent at utility

val-ues of unitY

Values of FfU vere founC to beconte CepenCent

on the main sto::age slze, }tr1, as the l-atter i+as reduceC

tor,'arC un1ty. Tbis CepenCence rilas atirlbuteC to loss of the

r,ras. reCuceC (serlal processing at f : lft : Rj, alt j)'

Tile space sbaring properties of the ¡noC.el- coulC also have

been removeC by appr"opriately moCifying the quanturn-allocaiion

routine to process jobs seL:ial-ly. It is quÍte, therefor."e,

reasonable to suggesi that selection of the quantum al-location

rouiine is significant in at least the range of utility for

l.¡hich Fm r^ras founc to be cepencent on 1rI1, tbat ls,

the range of utility fron O.2O to 0.50. Furttrer investigation

of ti:is suggestec signif icance might be fruiiful.



APPE}ïDIX A

MO}JTE CARLO TECH\1IQTIES USED

A. 1 Wrsgvslfes

In the stucies cescribed, the central- processor

time ::equests anC storage requ.ests a.re assurneC to be Cistrib-

uteC nornally about given meall values, r+itl: given stanCarC

deviations. Arrival- tines are assr:meC Poisson, requiring

interarr.ival times to folloi,i expcnential distributions i.¡lth

given mean val-ues (f4). The po\'rer resiCue or multiplicatj-ve

congruential methoC is useC to generate ranCom numbers

:; foll-oi.¡ing a rectangular distribution anC these nurnbers are

transformeC to either a norrÍlal- Cistributicn or an exponential

Cistribution, Cepending upon the particula¡ nequÍremenf .

A. 2 R.ot^¡er Residue MethoC

Tbe nethod begins with a constant k, a starting

value no anC a moCulus m. A sequence {oi } of

non-negative integers, randomly distribruteC, r^¡1th each less

tha.n m, is generateC by means of the recursive fonnula

oL+1:kni (moc m) 1
(¡,.2.r)

where k : 6SZlg ^ 
: z1L.

Any posiiive

as the starting value

in*aea-¿ 'l acqlrJ vvóvr ¿vvs

In all of

z'1
than 2/- may be useC

the stuCies rePor-r,eC,

ñ h.t6.! I i.t

oCC

.tl ^ .

-91 -
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a val-ue of no is chosen -r,o be lzt '

To obtain a real number, Yi, r"ancomly Cistr'lbuiec

in the interval (C, I) a furtheir calcul-ation j-s necessa-ry u'sing

the fortrrul-a

vi :oi/ eir - 1) I (a.e.z)

i.s obtaineCr.rher.e ni is an i.nteger rancomly CistrÍbutec anc

by equ,ation (a.e.l) "

Fur"ther discussion of tbe po't'¡er resicue methoc

be founc in (f6)

(t.>.2)

may

A .1 M-etþoq*Uggg*{g::*genglgtile--N.9rmg1 Egg0gg YgfialgS'

Tlre Centr.al- Limit Theorem is useC ln the generation

of a norinal rancom variates xi r¿lth a given mean, frx, anc a

stanCarC Ceviatior.r sx, in the folloi.'¡ing forrnul-a:

,_.å , é ¡r/¡,xl:sx(tz/K)' (¿, si -K/2) + nx,r (a'l'i')
í--1

wbere y i 1s a uniformly distributec random numbe¡' betveen

-O a¡C L, CetermineC by the power resiCue netboC CescribeC in

Section A.2., anC K is the number of ner+ values ol yi to

be useC in the generation of xí. To reCuce executlon time'

K ls cT:osen as L2. Thus Equation (n'¡'f) becornes

IL
xi: s¡ ( î. Yi - 6.0) * t*

-L- J_

Acco::CingtotheCentralLimitTheoremrâsK

approaches lnfinity, the se'c of val-ues of xi approaches

a true normal distribui:lon asympiotlcally (f6)'
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A .4 . Me:ÐgiJsgc.J-9r "ÊilsrLtåns-Srpsæltia}}v
D i str":ì-buteC Vai:iate s

Expor:en'bia]ly dlsiri'l¡utec variates are generatec

by taking a uniforrnly Cistri.bubeC- ranCorn nurnber y1

beti.¡een 0 anC 1, CetermineC by tbe por'rer resj-Cue technique

(describeC in Section 4.2) anC transforming it to an

exponentially distr.ibuteC va::iable xi according to tlre

equatlon (rf):

xi : üx toge ( ir) e (A.4 .1)

çher.e mx is the mean value of the exponen'bia}ly dis br"ibu-teC

var.Íates x.

The proba.billty that yi will occur in a

pa:cticulalr range of size Ay is equal to ibe area beneath

the constant probabiliiy Cistribution, anC therefore this may

be expresseC as C A y. All the values of Yi. occurring

1n this range are transformed to values of xi and they

will occur in a partlcular range of size A x, and the

probabillty density functlon at this range may be reþresenteC

P(x). Tt follows that

P(") Ax: cAY 1
(A .4 .2)

and tber"efore

r1m 4_y : pf¡) : g[ (a .4 .1)
Ay*O A x C dx

Fr"om equation (4.4.r)
X

qy.: - 1 e t* , (4.4.4)
dx ml(
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and since the Íntegal

must be unity, C

The::efore

P(")

The expoirentì.al Cistributiolr
Cescribes tl:e probabilii;y of

r.¡hich can be calculated frorn:

(T
P$<T) = lPc")dx =

J6

of P (") over the range

must a.ssune a. value of

(0, "o )

-'l

1^
:-i..:-v

m-2ç

- */^*

o¡¡rrr"oqqa.l ìnvr ry-L

a va]ue of

(A.4.5)

Equat:i-on (4.4.5)

x l-ess than T

[ _.-
LU

"r^^ 
J

- r/m¡
ta
-LL- (A .4 .6)

The transforrnation exp.r:esseC in Eciuation (4.4.1)

may be used to convert r.ectangu.larly Cistributed variabl-es to

expcnentially CistributeC variables .

A .5 S.uuqary

Generatio¡ of a normally Cistr"ibuted ranCom variate

with a given mean anC stanCarC deviation (a central processor

time or a storage request) is accomplisheC by applying the

Central- Limlt Theor¡em (Sectlon Ã.7) to ti.¡elve unifor"m random

numbers in the renge (O,f) (Section 4.2). Generation of an

exponentially Cistr"i'outed varlate with a given mean ("n

inter.ar"r.ival time) is acconplisheC by applying tbe trans-

fo¡'matlon CescribeC in Section (A..4) to a unlform randorn nulmbe¡."



in tbe range

random nuinber

( O, r) (Sec-uion A .2) '

generation routl-ne

The s'bari;ing val-ue for i;Ïre

is I21 througlrout.



APFE}IDTX B

SA}IPLE JOB STREAIU DATA

TLle first fer,¡ jobs generateC in each of the thr.ee

prio::f t¡t cl-asses for stuCy ) .J-L a.re shor.rrr. Par,arneter.s

useC to gcnera.te these jobs are presenteC in table 7.5.

P riggih¡_9]egs 
- 
O!g*{qÞ q :

Arr"ival Time
( se-eonos)

Stor.ase Reouest( Jnits')
CPU Time Request

( seconcsf

- ôô-
>. öót

B.4Bg

ro.62r

12.L17

29.l66

3t.2go
-a /-t,
20. o)+

4>.Bgo

45.2L5

46.r38
)sz t-tz

57.903

58.o5t

66. z::-

66.8t6

0.608

o.725

1.042

o Rna

1.028

o.750

0.662

r.ztg
0.827

r.ogt
1" 201

a.B5l

t.254
¡ 6,nç

0.918

2

2

4

é

5

2

2

,

7

4

2

5

1

tl.+
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Bsåer$rglss-Ë. Ise-{gÞi.

Arrival Time CPU Ti-ne Request Stor"a,Te Request
-Js""s$s)--, - -*-lssqep3d----_--* -- - *-(s'-r'!JL-

4.62t
4.684

roo.6Tt

tz9 .16l

r\9.L55

zo6.g4g

P¡.igf3ty I lp.gg !þfee*.LçÞ"s

Arrival Tine
( seconds)

CPU Storaee Requestç
t rlorES/

T .ILLI

6.B:-z

4 .TLt5

5.707

9.086

5.257

9

5

1

a

B

Ã

6

Time Bequest
( seconcsf

L44 .254

zz7.69z

294 .969

5Lo.5Lg

19.OoB

17.26r

75.L46

46.566

9

10

T

T2



APFET\IDIX C

DESCRIPTI Oli 0F }IAITING *QUEUE

AND EXECUTIOITI -LISif EI'ITFIES

The lterns of Cescr.iption recor.CeC for a job

l¡hil-e ii is ln the r.¡a-iti-ng queue are the follor.ring:

(f) job ldentification nunber
/ ^\\2) job pr"iority cl-ass numt¡e:."

(S) job central processor tlme request

(4) job arr.ival tine

ß) job der¡ice time

( 6) job storage requÍrernent

The iterns of descri.ption ::ecorCeC for a job

i¡hile it ls ln the execution list are those llsted above

plus the follor.ring:

ft) central processoz' tlme so far allocateC

(B) actual time of job entry to the executlon l1st.

-98-



APPEIIDTX D

Ali EquIV.¿ltENT DIIFIIiIITION 0F STOILAGE UTTL TY

Storage utility, Ul-, 1s defined by

1Nrr =:- Z tiR.i, (P-r),I:SIl_ 
ïl 

,j".j I

r¡here T is tbe sirnul-ateC r\in ti.me, tr{l is the

avalla'ble storage 1n arT:itrary units, t¡ is the

executlon time of each job j anC R¡ ls tLre

storage request of each job j in the san'le units.
An equivalent expression rnay be CeriveC. The

mean cpu tinie requ.esi is tbe saríe fo¡. all- jobs of the sane

priority cl-ass I, anC is mI. The mean storage

requirement of all jobs r.rith the same execution time is
the same - bence to each pr"iority class a mean stor.age

requirement, FT r trây be assigned. The sto-r.age tirne

proCuct for jobs of each priority class 1s then n1 *, ã,
anC for. the sum.

N

Z.joj=1

In Section 2.2,

>ññl?,/,rJTuT¡ìT'
l- |
t- |

an expression for
l¡ r\
\!-r,, 1rl\

(r-e)

ls given

(r-¡)
(2.2.8)

J

nr

or:

-99-
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à1so

of

( r-r)
m*-lm* - -kI I-I

Then, usirrg Equat-ions (n-¡) and. (n-+)

Yl- rn-^,I .,,J-

ml' (rr -4 )

L
\-
¿-^
I=1
(i,-r )

k -*-Lql* (p -¡)

the time

Rr

Lt(--)L/.ì
I -_L

For a large

the sir,tuJ-atÍ-on, T,

number of .iobs (l-arge N)

may be appr'oxiinateC by

i-i)

T ^/ oIrI o

Tbis expression, (¡-6), is inCepenCent of

and_ th:en T may be wrltten:

T /\) nl rl- :

(u -6)

I, sj-nce

1n -r)

rf (r=B)

I
oï oI : * nt-t krJ-1 : Irf-l- =f-t 1

Using Equations (D-5)

(r-r )

i.r

and (D-B)

L
m-)I L---J

L=J-

, storage uti-litY becomes

(o-g)
..

ñ-_
I

*r- tr-

----T-i:î)Lk

ur:



IOl.

Si.nce RM is defineC by:

L
RM : Í, Rr ? (n-ro)

r=1

lt fo}lor,¡s tbat,:

ut : *1 Rt,,r

(o*rr)
rt llt

The baslc assurnption in thi.s cerivation r,ras that
T e nrr'tr a¡:c for sr-lfficlently lar.ge N (r¡oo) this is
founC to holC r.¡ithin five percent r¡hen mrL/ri
Equations (n-r) anc (n*rr) ar"e very noar"ly equivar_ent in
this r.egion.
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APPE}IDIX E

mIEl COEFI"ICIEI'iT Co AT LO'\r UTILÏTY VAIUES

The coeff:icient Co is not calculateC for
simu.laticn runs maCe r,ritb tlre parane'ber ol of 100

seconCs in stuC j-es 7,\-1-, 7.Ll-z, 7.6-1, 7.6-2, 7.6-,
anci 3.6.-\. This is beca.u.se tlre ra,nge o-f conficence in

suclr calculateC values olî Co is very large.

The numerator of the eqbation useC for'

calcul-atj-on of the coeff icient, Equration (l .>.1) ' is

trlf,f - 1. In the sj-mutl-ati.on runs inCicateC, the value

of ,U¡a -1 varles from 0.02 to 0.04, i'rhi-l-e the standard

deviation in the system penalty (orfJ¡a) varies from 0.19

to 0.26 (see Tables 7.2, 7.\, 7.9, 7.LO, l.1I anc J.12) .

The techniques described in Sectian i.3 may

be useC to sbor,l, fo¿' the sj-nulation rLu'ls inCicateC, that

the confiCence range for values of the coefficient calcula-

ted l¡oulc ,r."y fron 1 84 .4 perceni to i 128.8 percent.
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