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7 PERFORMANCE EVALUATION OF MULTIPROGRAMMING SYSTEM.

- .

b

: o Name: Samir N.. Adhikari,
SRR R | v
o - " _ABSTRACT

The performaﬁce evaluation problem.is explained anq'defineﬂl

. . This endeavour has exposed the need for an” indepth knowledge |
. R N » e . M . \ . ,

of a working multiprogrammed system, Hence, fpnctional aspects

- and design considerations of the operating system, Kronos, are »
- . . ]

discﬁssed, Modelling isg-a very important and convenient approach

-

\ éb resolution of performance‘evaluation'problem. Two different
approaéhes to modelllng ex1st‘ oneﬂls analytlcal .model and the

' , other -is a-logical model \TQe reviews of dlfferent analytlcal
models are presented Loglcal\?odels are 1nvest1gated crucially

fend the loglcal model-for a-sxmple operating system is built

- and simulated. : e ) ‘ -
' . v - L3
~ . L %

r ] . N N f
o Themresulfs of the simulation are discussed to . v

.isolate-the crltlcal and the nonzcrltlcal parame&ers affecting

14

the performance of mult*programmed systems, o T

- S T
~ - : ' M 4 ¢
o .

> N Loy Most of~the oﬁereting syste;s, marketed by

o . different manufacture;L; differ to varying degrees, Heﬁce,f ’

- importance is focussed on approaches to model building; pather
phah,building a very general.medel encompassing all operating . g

( L systens,
\
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_ CHAPTER 1 ., B
PERFORMANCE EVALUATION PROBLEM ‘ ) ) 4

[t <

1 1 Introductlon to verformance evalnation problem.

Modern tlmes have seen an.evoilution of large systems usn,ng ,g',

various sonhlstlcate;L techniques, such as, multiprogramming,
multiprocessing, segmentatlon and pagl\ng. But not all’ ‘such

, ‘ systems aré operating satlsfactorlly(DZ) More and more people’

< i :are‘taklng’ a se,cond look at these systems. Questions like the
7 tollowing are often asked: - - C
. ‘ (1) Is. the system operating in Optlmum mode"

(2) Is the ‘memory capacity adequate? - o ’ o

"(3) How does ‘the system. performance change if the resources
are altered? ! ' .

X .

T e - (h) How does system behave if priority structure is altered"

q

and host oi‘ other questlons.

s

3

. ' " , « - Computer systems like 'other ‘

. batch Oriented multiprogram ed systems w1th time-sharlng

systems. There are some interesting systems of this nature 1n
market now, Kronos,- Os/ysl, Os/vs2 and many other systems aré
' f.unétioning . As these systems cost millions of dollars; an

~urgent. need is to evaluate these systems, and, form a general

theory of Operatlng systems.

>

- »



.\«\J

The performance evaluation problem is. the nroblem of evaluatlng"
the eff1c1ency of a- large systemi y 1arge system's effigiency
eﬁcomnasses a large area of computer system design. It 1nvolves
system ﬂardware, system software, sy tem Job stream and

optimum setting,of number o&agarameters to achleve maximum
s

" efficidncy. It 1nvolves complex interactions of various

parameters, some of whioh can be wontrolled.to any degree,

'SOme can be Eoﬂtrolled to a iimit and some can not be contro-~:

a ~

lled. With such variablity in.dimension of the problemn, it is
needless to point out the complexities involved. However,

? .
there is a vressing nmeed ¢fsa systematic approach towards’

‘thé solution, . L , ’

[S oy

_ An apgroach to find the solution of the efficiency

.problem needs a broader.understanding of the s&stem as well as

-the problem. In a broader sense, the‘efficiehcy of the system °

'may be measured 1n terms of throughput (1e., JObS processed per

p

hour) Assoc1ated w1¢h the efflclency Droblem is the nroblem

of optlmlsatlon of throughput This is a dlfficult problenm \

. because of the number of parameters involved, their complex

rnteractlons, and is further comnlicated by the unpredlcta- .

blllty of the job stream. . .
.* ) - e
. " Dhe ideal job mix for a'narticurariechedulrug
phllosonhy may not always ‘be nresent and .making schedullng
S0 dynamlc to change w1th every Jjob is not eff1c1ent because,

the scheduler, itself, is a overhead on gge system» _‘f ' .




. ‘ X - . N N ?4
. " - : - . 3 N ' n~ . t. ) /- ",.
It ig difficult to define a scheduling stra'tegy that optimises ' -

each individual shared devices and over all shared devices.

1

Thus, Operatlng system* de51gners have tried to compromise o h .
N v — '
for maximum efflcleney. . | k . C
i . . - . ! »-
PPN » A . - ~ :_ . ] e (‘ -

Two crltlcal shared resourcesg of the system are I/O
.devices and real storage. ‘Dr. Dennlng(Dz) has.’ 1ndlcated BN

how the theory of demand and supnly could be' applied to ¥

tackle the problem of critical resourtes. L St
: ~ 4 o g
The apnrqaches to. solutlon systematically resolbe‘the

-

: crltlcal and non crltlcal factOrs involved in the problem. v

Out of varlous attempts to find the solution, we may ment;on

the £0110w1ng -

(a) Hardware monltors statloned at strateg;c points in the

' system are gathering data for determination “and optlmlsatlon L

\‘ . - .q 1

., of throughput (P1). R . .
s T ‘ ) L4 -

-
\ '

(b) Software~monit0rs are plugged<in with operating systems
for suppliying data for systen performance evaluation and
- ? » k 3 B

ontrol. . ) K .,
c 1 ) -

(¢) Analytical modélling of the systenm.
- (d) Logical medelling of the system along with simulation.

»

~

'S
'

-
- 2

Princibally the present-work invoives with logical-a '

«

modelllng of an ooerating system and simulation' it includes

also to-some extent ana}ytlcal modelling. .

. . .
o .o SR
v LY




Analytical models Qf the multiprogrammed systems suffer . I
'?\\ .j from oversimpllflcatlons. Thls is due to structural compln

+ €xidties: of the problem;vAlthough the analytical ‘models make 5

S e - ’
y coL ;*ssumptrons about the System to reduce complex1t1es~ they are’

Cn - —————
e - %

.  essential in system loglcal ‘model. .
~ . v s . K “
. . ,

. ' . ] ‘

o"{‘ ' ¥, )_.. '
|

|

|

\

|

1

1

\

" v . .- . o )
1.2. Plan of the thesis.: . K , T

=) Lo .. '

L4

. ' .
s " . e

& .
%‘;?he dissertatlon comprlses of six chapter)h'ChaEter 1 discusseg
~mult1programmed system 5] evaiuatlothroblem in’ general ‘
. | Chapter 2 describes the multlprogrammed and time-shared. '” ‘ .
- system, Kronos, in brlef Chépt%r 3 delves 1nto analytlcal

. l
model of the system The reviews oﬁ many artlcles on this

‘field by various contributors "are included Cha t:r L .
describes parameters thét 1nfluence a multlprogrammed system. .
Chanter 5-.is dealixg W1th multlprogram system modelllng and
51mulatlon. A- sys@g:‘podel is developed 3 the system is

. ' simulated. fﬁe results show1ng the interactions of dlfferent

H
' parameters with pbgectlve—functlons are provided. Chapter

. .- . . ] .
6 contains the conclusion. , f’
. R » Q
.J\ N
[ [ o ' a “'
» ) ‘ - s ¢ v Ad . -
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- " CHAPTER 2

MULTIPROGRAMMED SYSTEM DESCRIPTION. . Df/ '

2.1, Definitioﬁ of multiprogramming,

“
© B

~". Multiprogramming ‘is the art of resource sharing among various
— - . ~ .

"programs to aéhieve aqhef}ective resource utilisation in a
..computef eysfem,’The basie structure of all muitigﬁogrammeﬁ,
systems could ge'divided into the following divisions:

(1) System monltor. ‘ \%°

) ~Job scheduler.

(3) Alloca;iopﬁof main memory. o . ‘ ' .
() Allocation of Cpu time slice. ’ y
’ ' (5) Allocatlon of perlpherals. . ¢ ", » ' ‘\f
(6) Data collection for sta%istiqal purpose. o Lo p

. ' . . oo
¢ ) - ‘

A typical muitiprogrammed time shared opgreting system, Kronos

‘e at SGW+, has been chosen for rgsearoh in this project. Hence, .

9

-

1nsteaq of describing the system in general the multiprogra-~

mmed system descriptlon 1S‘prov1ded in'yontext of Kronos.q

-~

2.2.. SGHU system eDe - 6200. . | - S

e ¢ va,

\
1

The conflgratlon of the system is shown in figure L.,1., It
"
,cons;sts‘of~one Cpu aqd ten,perlphﬁral processors, all of
. : ™ . . -
¢ which share a large 60 bit word central memory. The Cpu
minor cycle i
/.-" »
6 L

) L4
3 »

B | ._t

is 100us. anq'the‘Epﬁ minor cycle is' 1 microsecond.'
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7
., Bach peripheral prodessor has 12 bit word 4K memory. There‘”‘

are 12 bit wide 12 data channels which are shared by PPUS.

The main “function of PPU is to operate I/O devices.nThey

communicate w1th CPU through central memory words. The : -

[

central memory in SGWU is 98K, 60 bit words with access tlme

<)

of 100ns., and it 1s,organ1sed in phased banks. v

A

In this system the functions of CPU and PPUs are .
distlnctly dlfferent All I/O act1v1ties are performed by
the peripheral processors, while the proce551ng.1s done by
the CPU, The system monitor is residing in one PPU, and one. |
PPU is dr1v1ng the operator dlsplay ‘console. The rest of the

PPUs are free to be ass1gned by the monltor for dlfferent .

& B [ _—

I/O tasks. Each PPU has a store of AK and some basic software
{
such as overlay control and Disk driver e%ﬁ,’A system dlagram'

-

s is prov1ded in figure 2 -1 from thls view point. A PPU

commun1cates‘w1th the CPU by means of Exchange Jump instruction.

-

[ ' . .
-

When a job 1is selected for runnlng, it is assigned

system resources 4nd CPU through. some control locations 1n

+
¥

central memoryacalled tcontrol points', These are central
memory resident and 128 words long; They contain various

job parameters, eg., CPU time slice, Central memory. time:*
slice», CPU priority, Job priority, Ipitial and Final |
'prioritles for*job type and the job'exchange parameter area.A

»
0

< 3 . B
. . < -
P A LS )




» . . s

Kronos can support 26.contro% points. One control point

»

i
LS

~is reserved for system monitor, one is for driving DSD

. “+ dispjay, one for remote batch terminal contral and Ehe

.rest are used as a systgm pool.MThe cgntrol p01nts are ’

F assigned fo jobsﬂas'requireﬁ'fnom the s&stgm pool. The

'control points used to be vital in CDC master and Scope’

operating svstemdAl) But the problems Lave'been cleared

-

in Kronos. : SN L e
%

! / .

2.3. Central memory organisation and control points. = -

Central storage is divided into user portion and resident
system area. The resident system dbntnins allocétion'tabies,
-roufine and file directéries, a small amount of system

CPU code, job control blogks and a set of'peripneral

processor fontines used for overlays. Job control biocks;‘

or contnéi points occupy 128 words each.The éontrol pb%nt a .

, 1s important to the system. All resourées ‘for }unning a 3

<

job are assigned to the ;ontrol point and .the CPU is .,
scheduled to the job by 'Exchange Jump! instruculon.
Exchange package area of the control p01nt is interchanged
with data from the interruntéh program, and, the size of

the area is 16 words which contain the register valués.

, The system has a'very fast swapping time which is ébout 4

= microsecs Job control parameters are also stored in thls.

area. The buffer size is about 72 words, o

- N _ o 2



¢

;compared with the JObS that are waiting in the queue. If

Kronos, has been described in'detail in Rollout mechaniism.

4.

ed by the waiting job cou;d be met, a rollout sequence,is

' 2. 5Job Priority..y

2o 4. Job scheduler.

The Job movement strategy in Kronos is controlled by the‘v)

- Job, scheduler, Jo‘ischedu&er is a DrOfram.which is &8cheduled .
by the monitor according to a c?ntrol_parameter in the _4_&;_ e -
system. The parameter can be modified through overator's k

command. . v ‘ “h o . ; L
o . B ’
The funsiion o'f this éregram is to take a snapshot off
all contrél points in central memory. The priorities.

I

of jobs that _are presently -running in the system are - '

‘o

a job waiting in the queue has higher priority than a job

running in the system, and if the system resources requir—

«
initiated. The rollout, which is known as Autoroll in - .

-

It'is mentioned‘that job scheduler prograﬁ is i

as well: - % N

3

(a) A job finishes or aborted.

(b) A new job arpivss in Queue,
. K 3

¢

Each job in the systeh carries-a single twelve bit nrior-“

loriority and a low value 51gn1f1es low nr’oritm Severa1




3

’ $
« .

10 : -

*

Jpriority classés and values aré reserved for identifying

Jobs in special states, such as being rolled out or - &
.rolled in or waiting for some operator action.” Each time
\job seheduler executes, it takes a snapshot of control

points, This provides the list(eg jo%s that are running,

_ o

theffescﬁfces'thay eFe ﬁeing and‘epeir priorities. The
scheduler compares the waiting jo%s with théir resource S
reqfirements w%th the runnlng gobs in a decreasing gider

of queue priority. In a case when sufficient resources

5

are availatle, ie., not in use by other jobs, the sche%uler

assignsg a perlpheral processor to rollin the job.
. |
When a job waiting in ﬁeeue but hawving priority hiéher
. than th ie one in the system, requires resources that could
be, met if the occupyln Job. frees them; the system will
fo;Ee a rollout on the occupying jobs, |

Y

A rollout file contains every important ipformation'ef a’

jobs; centfal memory image, the control point status alon ‘ K
with its 128 words buffer, file pointer space, but magnetic ‘
tape un1t associated-with the rpllout job remains with it
for practlcal reasons, There are somehcontrols which are
exerc1sed over rollout den51t1es. The number of.concurrent
\roilept is limited to two jobs. When a rollout sequence is
started, the scheduler continues to search the Job queue
untll exhausted It could start another rollout sequence

. N
if needed. ’ '
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' When the rollout sequence is ended ‘the scheduler is called
in., It ignores the‘job which started the rollout sequence,

. amd proceed normally ¢omparing running jobs with waiting

_jobs.'This makes the systeM very dynamic in respoﬁse to . '

" . . s

'_' _system changes. For-instance if a-job enters the-queue-that —

uhas hlgher priority than the. one whlch started the 'rollout’

«r3

. sequence , the hmgher priority JOb is executed flrst, or

' supp051ng a job flnlshes before the rollout is complete then

l

the waltlng Jjob would be scheduled immediately to save S
',‘0. - )

unnecessary delay. S

.
& .

N ;]
l’ ¢
g

2.6: Queue priority maéipulatidn. ~ ‘ -

NI

A’ system overlay, that executes at time which 1s a submultiple

. of scheduler, ad just® the queue orlorltles orf all JObS Eacn

priority. Some typical values are givepﬁdn-Table'Z.l; The

-

values shome in Table 2.1 could all be modifica By,operator‘s .

command.

-

.Kronos avoids locking of low priority jobs by high

‘ pﬁddrity jobs, through prﬁ@rity aging mechanism. The priority

LEN

of an waiting job is modified by priority increment°prdgram.
Each job origin code has elght words a581gned to 1t in

* central memory resident (CMR) The parameters are shown in
Table 2.2. The Taoie shows that there are upper bound and

lowsr bound for every type of job..

LTS
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T)BLE 2.2. Jbb origin and Q-priorities.
JOB Q=TYPE |*  PRIORITY
) ORIGIN 8
SYSTEM—|* INPUT —|f:— — 66001 -
ROLLOUT 6000
. N o
) OUTPUT 400
iQQQECH INPUT - 2400
| , o .
S ROLLOUT 25400
_OUTPUT | 200
EXPORT/ | INPUT 3400 -
. IMPORT |’ ROLLOUT 3400
OUTPUT ., 200
e  TELEX INPUT ' LO00
q * | ROLLOUT 400k
T | ourpur 200
| MULTI- | INPUT 6?%Am\f
{ “TERMINAL| ROLLOUT |..t ..6%74
OUTPUT 6000
- o , 3‘ . ‘ ]
§ .
‘ 4 ) ﬁtt,$ ' " '!.
® ) ‘!f
,"
R
. e .
"F .
[ »” /
ﬂ 5
’ . , ~.‘

. * : ’ . ’
. . .
. . - .
4 - .
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TABLE 2.3, Qﬁeue priority of different job origin. i
INPUT QUEVE | omJrp.|up | IN | COUNTER
ROLLOUT , ‘op |1p |up | N |countEr | 3
“outsdT | op |1p |uP | 1IN |coUNTER | -
CONTROL: POINT, | Pri|Cputs |Cats | '
':MEMORY | Mnslmres fueit *'\\ |
. N L \
OP: Entry Priority. | ": ¢ 1\ ‘ .
LP: Lower Ppiority. o ';‘ ‘{. :
. UP: Upper Priority. . o L
IN: Increment. . | ) % . . 3:
Pri: Initial Cpu,Priofity,‘ .
Cputs: Cpu time sllce.' '. ) & . !
Cmts;”-Cehtral memé}y time slice. b R
wM'nj: Maximum number of jobs. e | ;'

Mfts: Maylnum field 1ength of anj Jobr of this orngln.

Mftl: Maximum total field length for all jobs of -

@ this origin, o } \
- t\
t
-' - - l‘
’ E .
|
1 - ‘ .
A} * s *
] .
. . . " ) . * 2
. N >
: r - !
- . [4 s
o y T , : - Ll
- ‘e 0' N
) ’ ’ o 4 '
- .. .
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TABLE 2.4.

A 1

1

. - : \
Time-slice and CPU ‘priority for different‘jpb‘n

»

origin, '
| « Co - / :
. _ . ‘ ‘
h 'l JOB ORIGIN TYPE | TIME-SLICE | INITIAL
| o . CPB(MS.) | CPU _fiBIbB_I.TY..__ 3 L
SYSTEM - 100 1
’ . . .
BATCH 400 30 .
| - “EXPORT/IMPORT | 400~ 20 g
;/ ( .+ TELEX ° .| 40 . 30 .
« K1
( MULTITERMINAL 400 21 !
: . N ; :
) 4; 3 -
‘/ \ v ) , v
/ ‘ s
l} - p 2 '
5 ) ;
)' \J ? 3 “
: {
t €p rd . \
[
] l , . .\.‘1 '
. , . . {
o ' - ‘
. ’ , ’ ‘
N RS
@ 4
d’., e ® . v , . ;‘
. "~ \ X 'f"
- = — . - - - A — e ——




'to the job according to pniority assigned to the job at the

N SRR »

If the priority of the job is between these.limits, it is

>
1

ageod upwards. Whenever the priority-incremen“f:-program is

activated, the value in the control byte of the \job. is .
incremented, When ‘the 1ncremented value is equal to some
-set value, ‘the "prﬁ.cir\:;;:ﬁy’of‘ the Jjob is incremented. This
he]ips the job.moving E{ipoug\h the system, and avoids t}\Ié\

jamming of lowpriority jobs in the system.

[
. \

2.7 CPU Schedulidg. - - ‘

The CPI* is scheduled in round robin fashion, and is given ' ' :

control point. The CPU priority and time-slice in ms.,

given to jobs of different"or;gin, are shown in_ Table

2.3. Thé distribution of time-slice among various‘jobr‘s re- '
; flect the followmg obaectiveS' ‘ ) ' ‘ |

3
14

(8) High prior:.ty jobs should not monopollze the system.

(b) To let most batch jobs run to completion in one

,time-sllce. . N ' , . .o '5

(¢) For even distribut:_on of compute time to different
ﬂtermlnal users; tlme—slice for Telex jobs are set low. -

(d) Batch jebs have large time-slifce.

| - o /'

When a job reaches the -end of its time-slice, its p‘;'iorjity

-

- is reduced to lower bound so tﬁat jobs waiting in-rollout

* and input queues could force a rollout on the resource

béund_ job. Thus the ratios of dinput queue entry priority B
to, lower bound queue: priority becomé signi,i‘iéan't for

mation of jobs through ‘the system.

.
~ .
- . PR
s . N .
, -
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The lower hound queue priority is lower than queue eptry
:pripnity so that resorce bound johs‘cou1d<be rolled out to' ‘

make room for waiting jobs. The rolled jobs ages in ro%loht\‘T“
) queue . It is sche&uled agaln when its queue prlorlty is |
higher than all waltlng jobs and its system resource

requlrement matches with what is evanlable in the system

.at the moment of scheduling decision.

In Kronos Multiterminal jobs are‘given the highest
priorigieeg because it is desirable to eomplete these
jobs quibkly. The best schedyling strategy is to give
the cpu to the job which releases it fastest, and

ﬁultiterminal Jjobs, in general, require very little cpu,

-

time, - . A

)

The system jobs, running in the backgrdhnd are
given, the 1owest priority.

%
N‘

" " t

- 2.8, Rollout Mechanism.

7 Thejhth word in job control aree direcfe’the contrel of
a job whilé*it resides at a control point ip central |
momoiy “This word containsthe folIOW1ng values: S
-byte O: inltial cpu priority set‘:at job initlatlon
or user log in. -
-byte 1: cpu time-slice ms./64 ’
. =byte 2: central memory time-slice, sec.

~byte 3&4 not" udked.

r

~
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'e ) '\ .. 1? 'a.’ -
There are threé'reésons for a jodb 1eaving a control poinp.
‘a) a Job completes or. aborts.}kk

b) Termlnal I/O is requlred AN

" ¢) The con§r01 point is ma available'for higher

priority jobs. - . o : | .

o x T
—-

We will discuss the type(c) here in detail. Everytime a

1

job consumes its time slice, or-&entral memory’ time slice,

and its queuve priority is in tﬁe kange 100‘(qp<(7770 the

queue priority is set to-lower bound prlorlty for 1nput

\\{:arollout files for that orlgin types. This value is lower

n the entry priority for input and rollout JObS. Thus
any job in the queue w1th-prior1ty higher than the entry

_ priorigg forces the resource-bound job to be rolledouti

The rolled odf Jjobs age until their priorities are higher

than entry prioritiés and are scheduled again to control
. o - :

points.

’

ng'forces it ‘ut. Thus its prlorlty is changed to unner
bound for.fhe.origiq‘and queue type. However, if the entry
priority at the time 'of scheduling 'is greater than the

upper -bound priority, the job r®tains that value.

.!\.
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3.1, Mathematical models of multipgpgfamming,sigteﬁs.' o -

Analytical models of the multiprogramming systems have

%u- M«Lj' L ’béegugrouped into. two categories, bne’%siig exponential

gy ‘ o ) eﬁsﬁributioh.for job arrivals and queuing theory apd'the .
| vy - .- "other using Msrkov chain models. In both cases the models ‘ ’
i“ ) . ‘have'ussg assumptions for mathematical simplicity because ;

: , i w ‘
it is ex mely[diffigult”tp express %hs siructure of ﬁhe‘

mul fogramming problem completely in mathematical terms.’

A logical model is well suited for this.purpgse.

] - +
s

-

2. 2 Probablistic model of the sxétem.

.
.

. Fig.. § 1 shows the system representatlon for hathematlcal ’ |
. \-’._‘\ » . ‘ * ) J
forxulauion{‘Uaaferenu Job typus drrlvc.at the sysiea vith ' |

LRI .‘.). avivel e - . :‘:"‘ . e : ” \ /
(l—‘:)..x.\flel.b ayaAva. IaLG\(\’ >4 :‘/\5 . ,-' - /\,,.‘;.' .

These jobé“are first queved -on-disk. From disk according

\,

"to.priorltles\’ -

\"

o N jobs &re bwought into core for
§ .

service, Only one cpu is available ‘for serv1ce. In order
[ -

to flnd the dlstrlbut;on of job arrlval time, we would

assume tﬁst the probaﬁllty of a JOb arrlval at a small

&

interxal is small but average rate of arrlval 1§651gn1fmcant
Lo v
s0 that we cafh approximate arrival pattern by poisson

3

! . ,
distribution, . : . ' g f .
2 L — '
v ' R .
8 -~ T : ST T A
L e .
4 . . e .
9 o " \"t
y “ »
: D . \ o ' :
4 ‘o; -
. ., )
L]
¢ L K] - \
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Figure 3.1, System representation for

Mathematical’formuiat}on.5
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If x be '{:’he' timé. interval between job arrival then poisson
process provides the followinge probabi]_itj_es. . ®

) P[X(t;:’ 1- e ; A= Mean arrival rate.(

. S Let the probability of n number of jobs of priority 7}',
in a given interval t is Pps (t) for n=. .0,1,2.;...;’:; )
Thus (t)>0 ‘

. .
11

) \\\ v zapnl = 1 o | -
. m= . : " )

8 h
' - N 1

- Let us have two non overlapping intervais t and T wand .
. let k number of jobs of priorityY;arrive in first and

pm T

- n-k number of jobs ih second :i'.nt:erval;,§

‘ _ 'The probdbility of both happening is
S Pl (B pn & (1) . _ ‘
— ,' g o \

Thus overall probability is

- (t+7) Z, (. pn ki(‘-r)g--:""'"'-."r-(é-l)

| Th __general solution of the above equation according

to (C6). - | ' . -
-)tt (} ........... (3-2_) ‘ '

t) = i

pnio( ) o ' , _

* N \
, The equation (3-2) is very 1mportant'§ relation in qpeuing
theory. In markov:Lan modelling of queuing, the rate matrix:

\
is cpmputed from equation (3-2) by differentiation.
‘\ . - ‘ . .
: & ; . |
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Let the service time probability distribution be also-

expone,ntial In actual practice thd service time distribu-_
tion may not be exponential but we have simplified the case
and assume 1t to be exponential. .

Let the density fu‘nctlon of service time distribution
be 5,(t) = e ':f"‘ (3-3) . Con .
s (t) /«e R (3-#) . e LY
Where/u S , ] g o 4
Ts = Average service time. : ’ '

[l

The previous matrgeqxatic‘e.l exercise is provided to form cer-

tain queuwing disciplirie‘ such as arrival of jobs and service -

" time distrlbutlon to be exponential,’ This is the case in
probablity theory. when ‘events. in a sample space are due

to numerous and w:.dely'varying, fac,t_ors, and mdependent.

- B . s

° '

The obJect:Lve of _the model is to provide an insight
into how jobs of different priorities r. R 1:,‘ having |

arrival rate ), :"a s > Am and service tlme/.b, ,,u’, - M
naccumulate in dlsk queue. 'The sched.,uler could .compare , ‘the
| design limit of wan.ting t mes and actual values and when .
exceeded could alter the Job selection criterlon and |

brmg the system back into balance. ¢
-




° . ' ' 22 J N ]

- - R p F S
‘ ~ Let the priority number be 1, 2, 3,..e....,0 With lower . o
- L=t numﬁer correésponding to- higher priority. Let Y TINND PREREN PN

be the 1nput trafflc ‘densities each accordlng to a poisson

t . 3

" process. Let S (x) be the service tlme dlstributlon of ‘

| kB priority. )
f C oo nd. . ) .
‘ .+ Then tne 18% 34 2" ,onent of the waiting time of
| S et , : .
T o I " the’ kP pridn§ty(M27 aré the ﬁbllowing:
- | ‘ ) .. ‘ .
| — o v . ~
1 * o( . | :
R w1 e Z ---------- (3-5)- .
| ; . - c ~- ' N ) 0 -
g . , 2 (\ N 0( ( nd, _)
\, ‘3[ =l
‘ . n )
: ~w (2) - . z >¢4. : ’
; k — ST ®) a((n)) A
| . 3 ( %’ )" a( )(l - ) M Lo I \
K R . 2;,, L dl. (,) o o
: ' )\2 =/ -
. - X °<" X ) ~
. z(‘ i ¢ ) ( %—l L . ‘\
Frit? $ 5o SRR
21 N L LSt ¢(3-6) :
0] (') '
2 (i T )( E‘w ) |
. N =y ' |
a "y'
: " The average queue size':. . - . ' Tt F%
. ' ' .
- ‘ K (,} 1
: . Lk(l? :')kw LSS W A — (3-'-7)
t ,
‘?) A : 2)~ w LW e (5u8)
v _ st. nd . ' |
Where o( and "(K are the l (_and 2 moments of service
- ' R R
time dlstrlbutlon Sk(t) of the Kth priority. b
PR ‘ , . ‘\ (
5 'y o

-
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T . ‘ "‘:"., -~
‘ = . 25 / L
" <" From.- (3-3)
s le) = e ME | . -
‘ * '»' - " d _ - /th' . N - »
Dens;ty function —-&—f S ,(t) "/“ke : Lo
a)_ ‘ - -
- et ) .
oA, = /“-/ﬁfe d+ S =
( ' '
-/ﬁ« ‘
/ t /‘K ‘b(" ’
, N s R ¢ .
B 3 /‘K'é '
S A ff/‘*«e S
‘ ' ~ The equatiﬁns (3-5), (3-6), (3-7), (3-8) are.frém
-\reiﬁ‘erence M2).” e P
Thus we could find the average wait time of a Kth'priori'ty "
. 'iob and conéeqﬁently the queue length of t.he: -Kth prlorlty
job in disk as design value.' The above @nalysis is valid
) oven if .the- )éervice. time distribution ' is not exponential,
Ka » ,
A .
o : ] . ‘ .
| ’. '
- ‘ = ' o
B / L
} i . '
B t. - -
‘ _ )
b d " I - .
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3.3 Markovqaﬁhel of the multiprogrammed system.

- Markov model .for a multiprogramming syéﬁéﬁ is very promis-

ing when we consider that the job arrival and service

tiﬁe demand on the system follow probablity distributions"

L v !

which are independent. Thus ifpwe are interested in the

. net effect)sugh_gs numbér of jobs waiting in'the queue or
. ‘ \ = (”.' . .
wvhat is the average waiting time,"for a:job, we may view the

‘multiprogramming system as a stochastib_procéss.

The characterisfics of the process would.be provided

H

‘by a sequence of random variables Xl', X, XB" se X

with a‘dontinuous time param;ter t. But we will make the
| continuous time parameter ﬁ to be discrete for the ease of
‘) analysis as-ty 5ty , %5 , .....,t, because we are intere-

sted in the‘chénge‘of the'system;

§ e .

'y

" THe random variables Xl’XZ’XB’ '""’¥n cguld represen?
apy Cesired event in the systom's sample space. Thus to

< ° ' .~ .»’_‘.’
worT \ represent various events in the system vie have to*genecrate

various functions of random variables. Arc random variables

Xl, Xé, ....,Xn independent? Obviously they are not .

. ,f because if they are there would have been ﬁ% compléxities in.

finding the joint probablity d;stributioﬁ of the sequence -
- from thé propablify'préduct law, eg., p(A) = p, ; probab-
'liti of event A is ﬁl , p(B) ; pZ H probablity of eyent B
is P, , then p(AB) ; probabl?ty of event ﬁ and B both_ ,
happening is P3Py -

N
4

i



Thus it would have been sufficient to merely know the
probablity distribution of X,X,Xss«......X, individually

to predict the total system behavior.. But what kind of
dependencies exist between the random variables?

In this analygis'we would assume that“dependencé +is -
harkovian, ie.,'thé probablity of next.step only depénds
on the present position or the system is memoryless. )
Multiprogramming system fits this process very confepiegtly

and appropriately. Jobs are arfiving at a multiprogramed & ‘ystem
term1na1 with interarrival time exponentlally distrlbuted. s
Jobs are read in the system and get their service and exit.
Supr81£§ we are observing thg system over a peripd of time

t and wé are interested in the number of Jjobs in the. queue. \
. Let this is\represented py'the raqdom variable Xt. a
Supposiné we are ‘only interested in X, at epoch ie., when

a job comes into queue or leaves the qg?he; Thus we haver
discreticized; the continuous timeapafageter t into ' )
,tf’ta"“'tn' and the random variable ?1,X2,.;..,Xh. Now

let us find the probablity that random vériab1é~xn=kn

ﬂhen xn l'— xn l’ xn-2= xnw—zc L 0,X1=xl Qr . . )

P [Xn=xn I Xp-1"%p-1s - "'xl:xl]' which is actually ‘
.a condltlonal probabllty. But the valwe of X _xn only - °
' depends on X _1"Xp_7 since the random varlable is only C
'ré;resentlng the event of total number of jobs in the . . —~

queue, Hence the probablity reduces to R[X =X Xn-l n-l]

“




This is often ref’reSented as’ pij =,.P[-Xn =j when }_{n_l= 1]

. and known as transition probablity ‘and,stoéhastic‘process

is markovian, s ! ~ f
v _/' * v
,//
//

In/ﬁggkov process once we know the tran51t10n probabll-

ties ie., probabilty matrix, - l~ .
. J--) '
L ’ - . i 3
. V[en pp pyg--ompy o
| Pa1 P2y Pp3m==="Pap o L
= mmemmmemme- mmmmee »
S
' Pn1  Pn2 ; Ppzp=—=~ Pon .
_ 5 |

and . the probablity vector po, the behav1or of thé system
could be predicted (B2Y). ‘

. 'Po

Initial probablity vector.

Subposing transition probablié; P is giveﬁ from state 1.
We are 1nterested 1n knowing the state probablltles after

n transition, This is obtained by ra131éi~f::;f probablities

to the power of n, eg., pt providing the/tr ition

probablities from state i -j in'n transition.'ﬁnconditional

'probabllty PJ(n)(t) after n transmtlon is prov1ded‘ﬁy

ntt) - P Pn . "Q

qr'lr(fn\PP,'-; :
We also can find the limiting case or the steady state

-

cage t —>ocOf the stai;e of the system,
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" The object of the per:nt analytical model to provide such

o . e N

. average estimate of t system. Thus we are going to conclude
our discussion of markovian process and proceed to the

discussion of actual model.

g
-7
Processing in all multiirogramming system 'is done by cpu

" 3.4 System model,

in_quantum:time allotment ,ie}, the system assigns a
‘quaﬁkum q , to eech.processing program'fo balance service
between a host of programes. |

WB will assume’'a very simple model for the system khown ‘

as round robln queuing prlnciple as proposed by Coffman(Ch)

[ | h ' ’ | /
RoLL BAcKK .
. - 2 " ) J . ,_ ] '
Programes . Main - "':"' Computer -—--) Outp\it
. arriving. QueueA~ Aisystem { -

v : N

o

The programmes arrive 'in the system and quéqed»ih the main -
queue,ﬁzne interarrival time is poisson distribu?éd I(t)
and is selected for service  for quantum of q units of time, -

ir service 1s not completed by that time it is rolled '

back to end of the queue and &he process continues. We,

also assume that service time. distrlbution is exponential
s(t)
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We ‘woulci also assume that the average rate of service is
faster tha'n the average.rate of job arrival which result

in a statlstlcal equilibrium J¢f the system.

1
V L

The object.of the exercisévis to find an estimate of
the average number of jobs i-q main‘, queue es a function of ’
quantum time, proéram -swappigxé tiixié,\ etc. We also' want to
find the average waltipg t‘lme of a program in the queue,

» .
The follown.ng parameters are deflned,, below : -

A :average arrival rate of jobs.

/L( = where ‘I' average service time. v

\ o

: Program swapplng tlme including executive overhead

q Quantum time slice.v
ty: epochetime , K= 1, 2,3, ..t

e 00000
t

The random precess we 'are° interested is the numberﬁ of jobs

'in the &ystem as a function of time. We define ‘this Byf(t)
.where t is the epoch time. We select t, just after job,

k
expiration or quantum expiratlon. 'Thé distribution of time

intervals (tk‘tk 1) ,between successive epoch would be’

F(x)= P[(tk kl)(x] 1- e‘/“(""") 5 Yk <qeT

b L ,l A $"7
=0 . . . N
The mean of the distrlbution (cy) - X LT -
, S =}_“]=_ (l—e/‘&)+7‘ )
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~8 * ‘[.. ‘ ' ﬁ ) . T
| ij J programes h system at tk given that at tk-l there
. L were i prpgra les "in system'] .
' Assumlng arrival process as poisson and arrlval ra?e = o
| and denote p(n l t) .as the probabllty of /a;?rival in
; interval £, we are also assum&ng/arr;val is also tlme ho-
r’/
mogeneous, . T R .
Tﬁransition propaBlities can be shoan to be .according to
(Ch): T . |
. o , g<t-i ) |
- v g . ‘t 1} |
4 —ﬂ L]
Pij 7 J poftey) pe’ b, S mioto
; ., = ) T +
P o) ek
S el e [t
- - | . ] Jo ‘ < \> J >’ T | —
~ . e ,
. ) *
P ’ e
by T\" E iJ . . :
: $ ) . ¥
b To cvaln“t“e\ the limiting probaletles of T we have to
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- To determine average wait time of \‘a‘ job when the markov

system is in equilibrimix 'we,assume an epoch time and a job
arrives , let the servicé time for this job be s, and
Ws is the mean wait time for this job in queue,.

If we canichoose m such that 0 mq~-s <q

¥ Them, referring to (CL): - oo . o |
' h \ . ' n-m — . . ‘.' . m . i
.y = 8 mx(g+T) + (8- 28+T) ya-o) ‘
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375 Conclusion on analytical model building.

Two types of analytical models are discussed in this paper -

«
-~

.%hieh are very common in multiprogramming system analysis

and have been used before to simplify the ana;ygis.

”

To apply the first model, one needs to collect -data

% ' on actual system to evaluate parameter A f}17)3 A
| . '
. and fﬂ\,ﬂa; ~ /43 which are arriYalwrate and service time
rate of dmfferent priority jobs.‘ '
' ) "As an example taklng CDC 6200 system such data are already
collected in day files. What 1s required is .the regression
analysis of these data to the aSSumed distribution and flnd
-the goodness df fit. A crlterion such as: . - . N )
—_— , N i
, - B -
{ ) Ra =1 = —"'—"“1'——' B
. ﬁ(r—@ . : L. A
. could be chosen for fitting service time distribution ' T
i -
.7 parameters, where: . ' . -
o - .. l ‘
‘ j.,/ut residuals between theoretical distribution
L . \ B ‘
Lo poinﬁspand actual data. g : R ' ; /
o o N |
é e \? = average service time. . B M |
' f" sample service time average.

for best fit R2 =1, for worst fit R = 0. S

L]

‘ Th¢ second type of model ie., markov model'previde_the effect R
- . ' ‘ Lo v s - !
offquantum time effect, program swapring time on the system,

" job queue length, and average walt time for-a job. The analysis-

l\ -
~ does not take -into account prlorlty scheduling for JObS.

o




. o '.l‘he limitations of the analytical mode"l is’ the asé/umptie,n

A

.:"~that required to be made ror a close solution of very cgmplex.
i } . problems. The validlty o( these assumptioss is questioned tz
-coupuﬁer system eng:.ne\rs( Gl). But author's view is that the
. daf f'ron; the analytical model should be cposen "for a guide
| to dse in simuliatlon models. There is also another: advantage“

v ' -of analyticaJe‘/moﬂel because during a rsystem design we are -

v ' always making decisions on hidden assumptioni, and analytical

‘& . ..-model present the nroblem in'a precise matheMtical way which

brings these ae,sumptions very clearly in view,
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.. CHAPTER 4 ,
IDENTIFICATION OF PARAMETERS AFFECTING THﬁ MULTIPROG NG
SYSTEMS.
_____‘——-————"t - \

("\ .
L.l. Parameters identificd@ion in Kronos.-.

* ~ ,
The nrimapy—parnose‘vf“ﬁﬁi{;programming ‘system is to’ balance

the load on I/0 facilities and the processor, so that, both - ,

type of faclllties are optlmally utilised The primary

, function of the job scheduler is to bring about this balance
'by loading a Jobset with elements of I1/0 bomnd jobs and,

compute boutid jobs.
Y

The most difficult part of the proceSs is the determira-

tion of job characteristics. The character'of a job changes

v

dramatically during its nrogress through theasystem. Hence, .
a dynamic‘gonitoring facilities for Job profile is required
and the scheduling control needs to. be brohablistics.

To determiné the narameters'susnectéd of influencing

-

@

‘the system nerformance, we divide the parameters into two

clasbes. Firstly, we consider xhe parameters which are physi-

' cal reSOurces of the system namely central memory, mass "'( ’

AN
" storage, ‘and number of Cous, A85001ated with each of ‘these

varameters there are number of vhysical llmltations, eg.,_'

. Cpu could only execute at some speed, data transfer between

various I/0 facilities, mass storage, perivheral vrocessors

[N



‘ ) "~ . 3"' ‘ ) ‘
. and central memory could only function at some’ speed. There
[ '

is also a physical 11mitat10n ‘on the size of the central
memory. Thus some of the parameters we. may not be able to

v control or able to control with restrictions.Q)

\ ‘ 7
Second type of parameters are combinations of system

« software decisions ‘and job characteristics. Some of. these

o ' parameters we may change and some we do not want to change
/// because our system is .a service system and it should provide
A - . .
service at reasonable time and ‘cost. >

. 5Thus the fqllowiné parameters.suspectéd of. affecting
. systéem throughpdt are listed:

(a) Central memory size. r

\:"
(b) Dlskaass storage) access time(seek, rotational and Word
\ ' transfer.)
(¢) Number of CPUs in concurrent operations. , h

(d) Swf%ching delay between programmes. -
4

() Wb characteristics.

(£) Job arriyal time and/Service time -distributions.

(g) Job mix.

P

* ©_ {(h) Main meﬁory management.
. (1) Job movement strategy.
‘; (§) Autoroll. | ‘
(k) Control p01nt and CPU utillsatlons.‘
(1) Job prlority management strategy.

v (m) Job scheduler frequency of control.

A




J': -‘u' ' .
3 .

2

(n) Time slice variabie%ér fixed.

The parameters (a), (b), and (d) are determined and simulated

§?stem“re5ponse to the changes in these parameters are -

provided in Chapter. 5. Chapter 5 also discusses (e), (f). i
¢ SO0
.t\

In Cﬁapter 2 a description of KRONOS.is given, there the
paf?heters i), (), k), (1), (m), and (n)’are descriﬁed
in detail. The-analysis that follows in this Chapter concerns

Job mix and Memory management applicable to Kronos or similar

o

operating systemsg, .

-

L.2 Job mix. ‘
This is an importanty criterion. The creation of a job get for
optinfum system perfo%mance needs, fof each job in the seg;

cqmplete knoWiedge of job stepé, proces es(tasksi for each ‘-

job in the set. A job's demands on sysiem resources are

dynamic, hencé, theé scheduler should try to form an activejob -
set ﬁhose\demands on system resources are such_that the full

- use of the system is carried out. To darry out such a‘policy
. 4

a mechanism is needed in khe operating s%/}ems,-which collects

kit S - -
e

data on JObt* dynamic nature. ) o

At the moment no such profile data are evaluated, but

. ‘ ; N :
an improvement in system performance is anticipated .once
such a step is taken. -

g —

|
|
|
|
|
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/- job -mix. Agaln con31der1ng Sherman, BaskettIII‘and‘Browne

"«predictlon of X is:

~

. C36 j

All scheduling methods give higher priority to I/0 bound

Jobs than to compute bound 30bs, the simple rule is to

" give the cpu to the .job which will release it earliest,
The worst scheduling strategy ‘is to give the cpu to a job whicl;%

-

computes for longest time befor‘?e {s)euing an E/0 request/ -
The best schedullng dis¢ipline was algo found £o be preemptive.

Under a round ro&n schedullng scheme, Sherman, Baskett III

and Browne (s2) varled "the quantum tlme and found the percentagfe
increase of throughput Sherman and et:al.(S2) showed that ®

there is an optimum value.for throughput for an optimum

[ 4

setting of quantum time.

>

’

As discussed before , nature of ‘a job profile is requjred

to be determined before we/ could predict a satisfactory

(s2), if X is the:(n-1) st. cpu’ serv:.ce time for a job .

n-1 i’
an&\&n 1 is the (n- 1)St prediction for .that Job then the T

N .
X, o(x + (1=d) X 1 wherec( is a real number

between 0 and 1. The larger the value of e(the more heavily 4

. weighted :Ls‘the most recent past and the less heavily

D - o The complete“history method predicts that the next

weighted is the more distant past.
AN '

cpu service time will be equa‘l to the mean of all’ past
service t:Lmes for that Job The. formula is

]
a A -
‘ X = (xh-l n_l(‘n"‘l) )/n

e
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These methods we discussed here could easily be ingorporated

t

-

-in the sttem as a control program and operate at a very low
£ priority at some convenient interval. This is going to
iﬁcrease the‘Cph overhead‘very little, but would improve the -

%hroughput Eubstantia}ly. ,

- 4.3 Memory management. S a B | ' ) ;9
Kronos operates in autoroll system ie., when a higher priority |
job in memory is rolled out in mass storage,{khe core space '
freed by such a procedure may not be fully utilised by the

‘Job cau51ng the rollout ang the result,is the.inefficient

use of . resourcesg. , -
use

‘ Some kind of ;det'zxapd paging co ‘i | _

based %ﬁ\ugrking set idea seems tp be efficieﬁkenu,{gement; \

_ ‘One of the advantage of autoroll system is

_the efficient use of disk I/0, Whén a jfllts rolled out, a
mass of data‘ie transferred and instead.of writing a blockm

- - of data , afcompiete tnack}is written. Autoroll system coﬁld :

ba further imprSVea by -using extended core storage .system '

X " (ECS) as.a buffer for rollout systems. ECS is a large fast

storage\designed to be used fcr streaming data IN/QHT of //////////

memory. A streaming rate of lOOns. for 500K 60 bit‘ﬂords -
- can be achieved.. " Co e // \

i . o , . pe
. .
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i

The advantage .is the immediate release of central memory field
length for job in demand, and finally, in background, the Job
is transferred to disk sforage. The staging kf ‘tape files, ie,,

to copy tape’' files on disk storage when a Job using. tape files'
- is rolled out, could also go through ECS.

’

L]
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| CHAPTER 5
PERFORMANCE' EVALUATION THROUGH SYSTEM STMULATION, DEVELOPMENT -

BUILDING AND TESTING OF MULTIPROGRAMMING $YSTEM MODEL. R
' Y ' ‘ : v !

s

:S.ll Tntroduction. . 4 ‘ .

A model of a simplified Kronos system has been developed and

'the perfoérmance problem is studied wit '%he help of this model,

+  The simulation problem is\aiproached in four pﬁases;
Phase 1 consists of building of the model. Phase 2 is the

implementation of the model ﬁsing simulation language called

‘ SIMSCRIPT~7Phase 3 is thé study ofithe system using the. model

AN

under various resource parameters. Phase 4 is the ana1y31s of

B
the results obtalned from the model.

5.2. ‘Objective of the model development. - o ' ' .

The ‘objective of the system model development is twofold.- The
first objective is to help the system designer with the results
obtained for boeiter insight into the systcm;'the second is to

understand an existing system behavior under varying resources

and job i put coniitions, ie.,.performance measuring.
The obgeclee of thls work falls under second
categor ioned above. The system.is already de51gned

and working, T objective is to find the system behavmor

e .

. )
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such measures, ’ Lt <
L]

+
,

under &ifferéntzresource énnditiéns that are below and
above the present working level of operations. The final

goal is to uncover the critical and noncritical resources

of the syétem affecting the performance of the system., | “é
Assotiated with the resources there are system parameters, Lo T

such.as, CPU'schedul;ng with time~slipe,’and job arrival
rate. The -effects of\fhese parameters are qlso iptended to
be &hcovergd. |
.‘ \ .
De2+1. Output from the model

The goal>f the simulation is to obtain some méasures of the

[

. 4 : :
performance, of the system. The«outpu?[from the model provides

I !

,

Measurement is divi{ed into two distinct parts. The-
n

first part is the measureme ‘which an user is interested in

know1ng (i.e., Throughput) The second part con51sts of a set f
of values that a system de51gner or a system evaluator may

want to know for optimum system’ de51gn or system Operatlon.

]

The second part 1nc1udes 1nformat10n pertaining mainly to

system queues and few other items such as average centra%

memory usage, percent CPU time.

A}

-

A typical output from simulator is shown in
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5.2¢2. InDUt tO MOdel. ‘ -

System behavior isuinflu%nced by the job‘charaéteristics

" ” ‘o B i
and input rate. Thus, it is crucial to generate the input
B . . N \-
% jobs to the model as realistic as -possible. Analytical models ¢
could be useful here. -

A

In the present work, a permanént'file has been
‘created by a program module which is separate from the modules -

simulating the system. The file contaihg-one thousand jobs:

A1

hav1ng exponentlal distributions.of arrival times and resourges,

demands. This is used as an exogenous tave in the, simulation

. . <
as _a spurce of jobs.

N N . -
. N . ’

5.2.3. Conclusion on system model building.
: - . ¢ . %,

@  The model,deveLOpment has been divided inte' three “distinct

v

tasks ' ' o ’

Task l is the de51gn of system model; Task 2 is the
désign of the model output ; Taé& 3 is the de51gn of the

model input. - : - .
. + . w7 e

f

In the present work, the approach to system K
smodel Tuilding is to follow a.job logically through the
Systeﬁl Log@tal modelling is the ﬁtdelling of the structure .
of the system When a job is traced threugh. the system, the -

.structure of the system is uncovere&. Follow1ng thls approach

-

thé modelling problem reduces to series of operations to be

o

performed.aqconding to model structureﬂ Such a model is

developed here. N
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© oK . 5.3. Description ,of the model. oo 4

-
° *‘f’

e Tﬁe‘é}stem model is shown in figures 5 2 aqd 5 ZA The

‘ model Qevelﬁbed to corresnond with 30b flow. A Job arrives_
I\

at the computer centre and is read into central memory buffer )
by the perlpheral precessor. Disk accesses are necessary to- .
read Jobs 1nto/mass storave froﬁ central memory. If the disk

is busmbothe job is put in .disk queue otherwise the JOb is

<

handed der to disk ‘I/o handler . The disk I/0 handler
. peﬁforms the initial §¥Sk I/O for the.gob,-and at termination

returns to memory assignmenthm%dule g requesting central

L

_memory space, for Job executlon. If %ﬁfficient central memor§

is available s the JOb is a881gneq memorx, otherwise it is

put in central memory queue. . ; .
! _ 1 : .

t

- ’ i g . ‘“~“ The JQb occupylng central memory
: B & "
requests CPU, service « The CPU is granted to the .job if
availgale, otherw1se the Job is queued in the CPU queue. .

. i

The CPU g{ov1des service to the JOb for the amount of time.

1dg1cated in job characteristics.

4

.,._\a . -g-‘.: ;Q(" ' ‘
J o .. " The ,total ‘CPU’ tlme«demanded I

by the job is dlstributed equally among I/O actlvitles during

executlon, the; CPU "1s assigned to the 30h‘§or time slice that -

°

is calculated in ARQRVL routine of the Simulﬂlor. “k
) o ) This phllOSODPy of dlstrlbutlng the CPU tlée

o7 N

R over complete executlon .time _of the job 1nc1ud1ng I/O pr0v1des’
! L
a balanced load on CPU and - DISK For, 1/0 operatlon the job is
C

\ .a%ways panded‘o\er to/khe)dlsk,l/o handlet,

-
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The I1/0 activity/duriog execution is assumed to be 1 pru unit,

and when this is accomplished, the job reou.%s'ts CPU for per-
forming computations. This continues until total time

(i.e., compute)'Qemaoded by the job has been satisfiéo. J
incidentally satisfying all compute time also‘satisfiés

execution time I/0 requirements but final 1/0 Operation for

A

results has yet to be.’ performed. Hence, the job is sent to

the I/0 handler, and having completed the final I/0 it is sent
to the job-termination module, .

v

The job termination phase releases

all CM space occupied by the job, updates job count , dequeues

h. .

both CM and CPU queues, and pushes“@he waiting jobs thro

the systenm, 'It‘also generates'information r rding centra

memsry usagd, disk and cpu utilisation

S5.4. Monte carlo simulation of 40b stream. ===

One of the difficult problems in system simulation is tjle.

varying natur% of the 5ob whicﬁ is very difficuly t vredict.

Jobs to computer systems are programs , and
L -

' behaviors of orograms change in a short perlod of time. A heavy

43

comnute bound orovram becomes 1/0 bound suddenly The demand
of a job on system resources could fluctuate dramatically.

The demands on system resources of a typical job could be

«
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categorised into the following list: ' L.

(a) Program's demand on central memory.
(b) Program's demand on CPU time.
(c) Program's demand on disk access.

(d) Program's demand on magnetic tape drive. "

(e) Program's demand on card reader.
» «

, (£) Program's demand on line printer.

. - q
(g) Program's“demand on communication facilities. '

——-

Thds the‘éimulation programs generating the job input st;eém\\\

should not only generate jobs at random intervals reflecting

the operating environment but also generate the resource

demands on a random basis on all or part of the resources’

categorised in fhe list.

) 4 -
]

5.4.1. Job generatér'deécrintion. ,
The jéb generator functioné independently from the mMin
simulapiog'model. The program is written in FORTRAN ; it -
creates jobs, stbres them on permanent file which is used as
. a sdurce of the job stream to system merl. The job character~
.istics, generated by the’joh generator, afe §2ffned by the

stochastic variables, and are specified by poisson distribution

N . .
functions, The validity of the assumption is discussed in 3.2. .

In simulation instead of using distribution function,

a related function, cumulative distribution function is used
x

>

. which conld be deé}ned as F(i)://.g(x) dx ;iwhere f(x) is

the distributien function, ~-%

r
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{
F(x) is‘monotonlcally increasing and its value is posltive :
DRI ranglng from O to 1. The: value of F(Xo) is the probabllty

that the value of x is less than -or equal to XO.

s [ ' (

-

- "‘ ‘_ e ™ e ._____.__.a—‘—-n—- \

o
-
»

. N —

|
|
i
|
Do (I
T - L o Xy X~ -
_ Fig. 5-L4A. Cumulative distribution.
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-

m'
Actually uhat is really needed is the inverse ‘of cumulatlve‘k
dlstrlbutlon function. When 51mulat1ng the system ve need
, " ., to generate stochastic varlables for thg_attrlbutes of
every job~{h&t chters the systcu. For each'vqriabla, vie nceg ”

to generate a set of values at rendom which .is part of the
" l A Y

distribution.

.‘-

- —-——
B

' 1 : - ) . ) - . ’ ¢ _a-._ - e R
e . " In most _8ystem libraries one B}ogram is avallable
¢ o N

| . for generatlng unlformly distributed random numbers within -

e

i . . the range of 0, i\\fandom numbers could also be obtained

R - frpm Tables and one\such table is avallabl from Rand

¥

Corporatlon, " A'Million Random Dlglts wit -QD,OOO Normal

- ’ Dev1ates." o -

| - ° - : ® B N

| L '
o -

‘But to generate random variables fitting an

——
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- -arbitrary qdmulative distribution, we need to find the

inverse function. Let the random variable be X, and cumulative
distribution is Fy (x.). If Y, is the uniformly distributed
' r

random. digit, then we can equate : .. o

. . yr = Fxr (Xr).
or, x_=F" (y.) | .
’ r Xp "T7 .
' -
X, is the desired random variable. This approach will not

work if we can not find the inverse cumulative distribution

L One. of the important characteristics of fhe job is .
the arrival ‘time. The distribution function for negdtive

o
exponential distribution is Pr( x&t ) =1 - e.t/TA,

Let A=1/ ‘1‘A is the aVerége humber of jobs peb unit '

' a s

time, . .
F(t) =1 ~-¢e At ; :
Let p be the'uniformly distributed variable as generated .

by the systes built in function. v . S
then p = 1- ¢~ 2% ,

. t i’~- gA‘loge Sl - p)

replacing-pr‘instead of 1-p

£ = - TAkioge P, =----==---- (5.1)

Hence job interarrival time is given by ( 5. 1)
. .-" oot ) D N ) /

, 0

T
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’5,3,2. Determination of Mean values of job;pafameters.

The following data were ¢ollected from Kronos daily acc-

o

ounting summery:

. (a) Total CPU time in secs. for Batch and Telex origin jobs. '

(b) Central memory in kiloword hours for Batch and Telex
origin jobs.

(c) Mass szorage access in kilo Pru units for Batch and
Telex jobs. ’ ‘
(d) Card reader # of cards read in thoqsandsﬂ

(e) Line_printer # of lines printed in kilo lines.

(f) Togpi'number of jobs for Batch and Telex origin jbbs.

From the above set of data the,following mean values'aré*

calculated:

(a) Average CPU time = GPU time/job.
(b) Aberage M requ&rements/job
(¢) Average mass storage access 1n PRUs.

(d) Average number of cards read

- (e) Average number of characters outputted.

S.4.3. Distribution of disk acCess'of‘a typical job.

The total number of disk accesses during the computation

period of the job is determined. Since one disk drive is

‘ simulated , dLsk accesses are proportionately reduced. The

’

" PRU accesses are dlstrlbuted uniformly over the whole perlod'

-

of Job as showr in figuyre 5-4B, '

.
‘-z .



Fig. 5-4B. Distribution of I/0 and Compute times. e

-

A\

C, veweensC are the compute time bursts of the job

c n

l!
which are interspersed with I/0 activities of Il ’ 12 ces
...In quanta of time. It is also assumed Cl=02=..._=Cn and
'1,=1, ....=I_and each I/0 activity consists of 1 PRU unit,
AU o

- Aﬁarﬁ from this it is also assumed that every job would
have some disk access at-the beginning and at the end when
‘printing the results and for these separate stochastic.

<2 variables which are known as Initial 1/0 and,Fiha; 1/0

.

I3

have been generated., - °
\ v ) Vs

These variables have negative' exponential,

distributions as their density functions. The mean values

\l - ' dre determined from Kronos accounting summary, )
N . , : ’ * -8 )
\\ K The averages are also computed for card reader and line
LN . . . ) t
AN printer activities. _ .
\\\\ - _ " The Centré}-memory buffer for I/0 is
AN

N taken as 640 characters long, (ie., 1 PRU unié.)

.
\ . ' i : -
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5.5. Modelling of queues in. the system.

- There are three queues in iheusystem,'central ﬂemory queue,

disk queue and cpu queue. All these are organised in
s similar manner. The queue discipline is First in and
F?rst out QFIFOQLE |
The queue size is unlimited and is only limited by'the
availéble storage. Each queue has varioué pointers of .
which.qUeue and dequéue-pginters are deTined in simulator.
Since simscript is used to implement the model the problem
of queue handling has been reduced to a large extent. For
FIFO organised queues in Sim;cript one needs two pointers.
"called first and last pointers. The pointers are defined
by having F and L in front of the-é-néﬁe. The first and -’
last pointers fof central memory éueue are célled FCMQ

and LCMQ\where CMQ is the name Qf central memory queue as

defined iR the Simscript defination form. 7

-

Two .commands are extensively used in all queue
management routines and thay are "FILE" and "REMOVE" for
{ ’ * .

queuing and removing a job from queue.
{ o

The queue management in simulation is done through .

a series of Queéewe and Dequeue subroutines. The various

. parameters which are of interest and are affecting the system

¢ : . - . . . .
performance implicitly, are monitored in the simulation.

5¢5.1. Central memory aueue management. . '

To manage queuing and dequeuing & job in central memory

queueg, two algorithms-are used and they are as follows:

s . . .




S | Qmax : Maximum queue length.

i

/>

Insert entry in gqueue,

1. File job pointer -to .head of queue,
2. ZTQ + (Time- T ) Q —-e»ZTQ
last A
3. Q+ 1->Q :
4. Max [ Q, QMax - QMax ,
5.. N+1->N o ” B

6. T:Lme - Tlas t

"

. . 3
Remove entry: from queue,

?. Remove the aob pointer from tall of the queue,
2.27Q + ( TIME - T ast) @ > Zf.uQ

3. Q- 1—> Q
42T + (TIME - T ~)~$Zi'w

5. Max ['wmax , TIME - T, ;J“""?’ W

6. TIME — T, o+ _ : .

' ‘.Pho figure 5-5 shows 'Lhe queue .J*Lrvc‘LLre and the not“t:.onc .

b

a;c erplained in mc following pAare -grayh,

4 ' : Maximum waitin ime.,
| wmax i aunm iting time

ZT\'I :-Waiting time accuniuiai;or. '

Q: Current queue length.

ZTQ : Length X Time product accumulator.

"Tlast : Time gf last entry / removal, .

- Tin t Time of entry in queue.
. N: entry count.
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5.5.2. CPU and bISK queues,

These gugues are handled in the same manner as the case of
céntpal memory queue, All the quéue parameters as shown
in figure 5-5 are also proQided in the management of the
CPU and DISK queves. The only difference is that the -

parameters have different names.

o

5.5.3, ‘Conclusion on queue management,

The simulator has three main queues, central memory , éPU
and DISK . A job, depending on situation, could reside in
any“one of these queues. AIl queues are managed -in a similar
manﬁer and -queuing gnd degqueuwing-philosophy is First in and

. First out. Simscripf has provided exceilént feature on

}
queue management, Queuing and dequeuing routines include

-~

algorithms for system intrimsic parameters that could be -

¢

~

useTul"™e® system evaluator.

The queue sizes are only limited Ly operailug
system storage capacity and there is enough storage for

thousand jobs that are used for simulation. S

B

"

-~
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S.6., Simscript implementation of the model.

The model as shown in figure 5-2 is implemented- as simulator
using simscript language. The simui;tor is broken down.into

a set‘of routines each performing oome specifiﬁ functions.
These routines are again glassified into two groups

(1) Endogenous (2) Exogenous routlnes. Referring to figure
5-6, there are six endogenous routines called PHAS1, PHASZ,
PHAS3, PHASL, PHASS, and PHAS6 and three endogenous routines
called ANALYZ, ARRVL and é;DSLM. Exogenoué routines are cauoed
by external evints and endogenous routinés are caused ﬁy

routines runnipng in the systems. : o ™~

-:(, 4
Any job arr1v1ng in the system causes the exogenous

event ARRVL whlch 1n turn causes PHASQ with job Input flag
set. PHASL engages disk and perform Disk I/0 and on

termination causes PHASS. PHASS causes'PHASL because the Job

~ is just read in and requires central memory for}execution."
PHAS1 requests central hemOry space and haying éot the space,
it causes PHAS2 which in/ turn cauées PHAS3 and eventually PHASL
and PHAS5. Thus the joo after being read by PHAS& is processed '
sequentially-through PHAS2, PHAS3, PHASL Snd PHASS as shown
in'figure 5-6. .PHASS retufos the job to PHAS2 if it héststill
;§?e computation to perform; The job cycles through PHASZ,
PHASB, PHﬂsﬂ/ and PHASS, this continues until the comnu*e

time reqp&red by the job has een completely satls?“ed and the
final I/0 activity to vpyoduce results has been verformed.
Final exit of the job is performed through PﬁAS6 routine

which releases all shared facilities.
AJ
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As shown in f1gureu5- , the system data and iﬁeues are declared

in simscrlpt defination form and all routines in the system Py

acceéss and modify these set of systen data.

’ L

The exogenous ARRVL routine is trlggered by the
incoming. jobs. All 1ncom1ng jobs are 51mulated and created
by the offllne job generator ‘and’ resides in permanent file
"and the. flle is used as a. exogenous tape to 51mulatonfi
This is a brief description of simulator of fig. 5-6, the
description of individual routines follows;

~
€
H )

5.6.1. ARRVL routine.

The maiﬁ”function of this routine is to create & temporary
\ . entity JOB. It a%so readsﬂjob parameters such as CPU tlme,
)

K Central memory space, Initial disk access required by the

| : Jjob, Flnal disk access requlred by the Job and number of- 'e
| 'I/O reéqfd transfer during computatlon phase of the job in
central memory. It also distributes the CPU time equally
over the whole period of job's resident in central memory.
This creates equal pockets of comoute time interspensed with’
. l I/Q record 'transfers, It 'sets the input flag and creates and

causes tie endogenous event PHASL. . ;

” ‘e ! 5.6.2. ‘AN.’!»LYZ I‘Outine. 7 ;

This 1s an exogenous routlne &aused by the permanent Xile
3 } .
used as a source of JObS. This is caused by the external

-

event at termination of all JObS. The main function of the

_ANALYZ is to provide hardcopy outout§of results sought from
»

LS

\ . ' . ' T f
] . : ) T

;
5}
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simdlator. It provides 1nformatlon regardlng sn.mulated - (
tlme, avef'a&e «throurrhput other queue- paz’amates@ ‘required “”.

: By’the system de31gner or evaluator anc}‘ estlmates of -

® -

. systcm resource utlllsatlono. ‘/ .

[SIM rout;ne. L ' o " '

;T

. . . - . . 'h

’I‘hls routine termlnates the sn.mulatn.on process and in some
\ a

N [N

.
sp“eci&l pasesgﬁterminﬁt’tes‘the pres,ent s:.mu,latlon 'process'.

[
. ¢ , . B} f B ’

and read in a new set .of data initidlisation.tape and

. s
v .

. ¥ R . . . .
7> commences a simulation run.. L, \ . ‘

< ‘ 3

v 4 . N v, . . [ Lt 1}

5. 6 L. PHJ&Sl routine. . - . S

The maln funcmbn of thls routine 1s to-load the. job 1nto S

e

-

'.'J cen{ral memOry if” c’ejntral memory spé«ce is avallable and 1n -
the évent Foni 1nsuff1€1ent .cenj:ra;l memory space 1tVloads the -

‘.
-gob :Ln the‘.central memory quefue. If the job 1° suc't:essfully

- \’locaed im the conbraliypmory, Llion 1t eredfes and* cause:. '
f * . «
PL[‘U& 1‘6\,@ inc. | , . . .
A s ' \‘ oy , ‘,‘ . 3
. B . ..‘ ’ . P : . N ‘-
%.6.5. PHLS2 rout ine, o
R LY R : * -

. The gxaln functlon of 'thlS tutlne 3@ to. get CPU serv1ce fo&“ -t
“the Jéb. .IT CPU is occup.le thén the job is! puﬁ in CPU T

queue ', otherui‘seo CPU.'!LS assigned to the JOb and the routn.ne

exn.tf’,after'cre;tmg PHAB3. laving 'completgd all the CPU timd
+ activity the routine could exit creating PHASh. e
< | ] ' . - ; g ) ’ ' ,_a ’
. . -~ . , ,
- ) : s
s T L, E . 4 v
'\‘ ! ' ] h“i
1 . L) b
« ° S ( RS .

>3
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5.6a6} PHAS} routine.

,

The maln function of this rouﬁsne is: to cause job records!

1nput /output actlvitlesfbbtween compute actlvity. The

- -

routine exits after creat1ng~PHAsu:

5.6.7.4PHASQ routioe.
The main function of thik routine is fo perform disk 1/0

: as reﬂulreo by tée joh. If the disk drive is busy the JOb is
put 1n disk queue, etherwise disk is engaged and I/O is
perﬂormed.gln 51mulat10n model for‘Kronos, I/O is*per-
formed in three dlfferent stages, a set of I/0 act1v1ty
during qu's re51dency in central memory i . a set of I/O

J acthlﬁy durlng joR'!s final result development and the .
I/0 perfomed during loadlng of JOb. All these dlfferent

I/0 activities Q%F &epognlsed by thls routlne ané’executed

This roitine ex1tgbafter creating PHASB. P Ty

o "
Ca

* 5.6.8. PHASS ‘routine.

This routine is executed afﬂér an I/O.;ct1v1ty is performed

by the job,.This.routine ex1ts creatlng one of these routlnes
PHASl, PHASZ and PHASS. "If 1n1tlal job.loading ;s done then
PHASL is cfeated,'if 1/0 ;é pe;formed during job's fesidenCy*
. in_c;ntral memory then PHASZ2 is created and'if,final output |
‘is der;;hen‘PHASG is created, ‘ ( ’

Ty

5.6.9. PHAS6 routine, e -
- Phis is the'tgrmihating routine of the eimulatofn:All Yoy
\ 1> S ' . I ' <
', ' T . e @ \ .
‘ . ' . 'lg“ ‘ -
- .
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" R \\

\

‘Jobs are processed through this/routine at their terminaticn.

¢

The important’ functions of this routine is to freé the
shared resources of the system. The shared resources occunled

by the completed Job are central memory and QQF This routine N

dequeues waiting jobs from central memory and CPU queues and’

initiates them. o
9 ' M ’ , s »
p : Y .
v . The routine.also performs some calculations regarding - o

memory,. CPU and DIQK utilisations. The calcuietions for CPU
& .

and -Disk utilisations are keep.lng the runnlng total for CPU"’

time used and 1/0 act1v1t1es performed by each job.,

' The following procedure is followed to compute %CM
.,utilisation. - ' X R /
"', Let T is tfe time a job j is allocate.d central memory‘
' + - of A(: Let the job finishes at tlme t, then we may say N

/\ AC(t-’f) is a measure of cetral \nemory utllisation. : '
v .""""‘“ w-numkrnfuobs )

Z,AG\ QT “'Tm) gives g,total measure of central
.

memory utilisation. ' . " '&
¢ "Then mean central memory utilisation , S o ""'~
i a Z &C (- )
t' .-:: . I
BN T - Nt ‘
4 . ~ . . - ’ ;
‘Y . "‘*d?here, K: Total number of jobs. . ‘
T Total simulated tlm . . -
* The rox}tine ex1ts afte; creating PHASZ event for a JOb and
. PHAS1 for another 30b 1f needed. R ' o
. \ . i : .
(‘\ PR e — *
. A
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Se7e Simulation Results.
N J .

This 1s the third phase of the work regarding simylafion
approach to the problem. Here a simulator is used to
51mulate Kronos operating system under the following

restrictlons'

. (a) No-autoroll mechanism, - \\\‘

(b) Slmpllfled prlorlty scheme of FIFO princlple.

(c) COntrdl p01nts are eliminated

. {d) Reduced number,of dlsk drives.

(e) Multiterminal-, Telex and Batch jobs are all grouped
into one .class with sample maané of arrival rate,'and‘
~varipus resource demands. The resgurce‘aémands are formula-
ted With,probabliatirg notiqn and assgméﬁ;to follow boisson°

density d;%fribgtion.

3

w

\

. -
The plan for using the model to find the interaction "7‘
..‘.i
and the effect of different system parameters has been Lol
organised in the following way. = ' . e 7 -
I - .
. /‘ . .
i , o

A [ -
{a) Eirst(we‘try to find the system bgPavior uhder nbrmal

-

operating conditions, ie., under existing facilities and

workloads,.

i as ' [ -
i

- (b)’The'neit_stage was to vary the different.sxstem

1

resouces. such as~c§ntral memory size and average disk access

©

times The efféct of these changes on system throughput and '

4

" intrinsic queue parameters are noted and evaluated,’ .-

N .
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o

: to. decide.what fo measure to determine the system behavior,.

“and_I/0 activities at the jab's entry time, runtime, and

measurement 'is split into two categorles, first category

<%

U .
¥ . -

(3) In the last phase, CPU time slicing is introduced and

the eflect of this'parameter on .system 1s observed. Our

“first objective jneeds some clarificdtion regarding normal.

getting for operation. ’ o . . ,

The normal operating conditions afe as follows:
(1) Central memofy capacity 300K octal. . | .
(2) 841 disk drive with 40 ms. average seek time, rotatioﬁal
delay of 20 ms. and byte transfer rate ‘of 125000 bytes/sec.
(3) One cpu.
(4) Apart frod system resourcée, the job parameters which
are considered as e;oqhastic vdriables, have poisson distpibutJJ'

%

ions. Hence normé for. CPU time demand, central memory demand(.

termination tine ared7valuated from job's accounting file to

generate the required distributions., . - N\
, - \ . o L "_-d./

— n . ; oo
Hav1ng decided on what different set of expériments )

we wqgt to do W1th our model, the neNE part of the plén was )

This is a very delicate questlon to decide. Hence the

is the mea%urement.which gives us the direct evaluation of
. ) ¢ |

the system namely two things (a) Throughput (b) Mean Wait

time,

- 13 T
a2 Y

N\ o ' (a) throughput is simpl} defined as the number of
‘ - . - / - ¢ 5

jobs processed per hour, o U
- 4
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» . 6 5
(b) Mean Wait time: This is defined in our system as the mean

3

walting time in system queues. There aré three queues,"CM,

!

DISK, and CPU in the system. During simulation run, the mean
waiting times in each of these three queues were recorded

and the Mean Waiting Time has been defined as theilargesf'of

, these three values. .

»

A number of variabl

+

resource management, These variables

ssoclated with
re .part of three shared
resources of the system-(a) Central fiemory (b) Disk and (c)CPU.
They include the following (1) Mean,| Maximum, and Running.vélues
of Queue length of jobs in queues of{ CM, DISK and CPU.

(2? Mean, Maximum and running'vaiues of Waiting time for jobs

in CM, DISK, and CPU queues. '
(3) Total time used by CPU, DISK, and num jobs rejedted-

Gue to excebsive CM demand and average central memory utilised.



.. -5,7.1. Simulation run setup. -

-

The/podel is coded in simscript and 1oad module is created

as ghown in figure 5-7. The load module is stored in perm-

anent file-cailgd FINSIM. R

.
-

The next step @s to set up the JOb deck for simul-
ation run with different initialisation decks. This .is

achieved as shown in figure 5-8." Tape 14 is the permanent

file created as a source:of jobs to the system model&\This file

contains one thousand - jobs with mean inter arrival®time,
Cpu time demand, central memory demand and I/0 actilvities.

The Jobs generated reflect true jobs in computer cen ~.

v
/

v

. The several “simulation runs with different initialiséd

values of system variables are/g”hqued through system

\:pecification card. A system specificatlon card must be

rovided with each inltiallsation decﬁ‘ The set up of the

system Specificatlon card is shown in table 5-1.

’
u// A
L

Ag shown in table 5-1 a ].\\;punched in column 25

; ;
» . . .

automatically triggers a new simulation rmp with new

initialised values of sy§tem variables as specified in the

\ :

_fﬂitialiagtion deck. An initialisation deck always terminates

with blank card, Column 25 should be left°blahk in the last

~

. . ~——. T o //
system specification card. The field 37-42 is meant for

4
exogenous event tape 14 which is used:as a source of jobs.

There are;othe fiplds availab]&?in the system specification

‘ )
.
. .
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FILE SEpArRATOR

F I B
X

~

j,/S‘)STsm SPECIFICATIONS, : '
RECRD SEPARATOR

ﬁw«u& CARD ‘ . ' -
. -~
) ] . '
INITIALISAT IoN
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JReCoRd SEPARATOR )
/ BLANRLERD . :
\ . ™ f *

- 4 B '
THITIALISAT lo\& .. R . ) .
IECK i £
, /SYSTEWTSRECIFICATIONS. | -
'/" | g ' REoRrb~

: 9 sePARATOR
‘ FINSIM,
/L\Bﬂﬂﬂyq SmEae.
ATTACH, Fiisit. »

. s

PACK, TOPE 14 o
' /ATTAGH,--?APE 4 /M=w
/Ac‘cou NT, ===

' .
KROSIM

) TIME,. FIELDLENGTH b :
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TABLE 5-1. System specification card,

N\
. COLUMN. | VALUE ' COMMENTS. * \ .
' 3y ‘ PUNCHEQ. -~ . . - &’
. \ — - ’ —
1 1 ( . Qard Tdentification. - °
2 ’l : lists initialisation cagds on °
o . output. o | -
7-12 | 729 |, Highest array number.
_ 13-18 | 100 - ~ M\i_g/uzZs per hour,
_iﬁﬂw~ﬂ»-»~f~~“f“~“““1§:§:“'f3536*~_~4 Hours per day. ‘ ‘ , s
‘ 25 1 | For initialisation after STOP -
) s statement for an;ther gimulation| - -
o] e |
. ‘ \ 37-02 1 14 T Ex;géhous_gvent tape, source of
3 . jézs. ' ) J
<‘ Sl




card providing number of lines per page, file number for
initjal condition deck and file number for réport tapethhich
are not discussed hgpe'giﬁge they are .left blank, They assume
a standard value by default. —
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5.8. Results and Interpretation,

/The results obuéineq from tﬁe model and their possible
, explanations are preﬁénted in the following order:
(1) Throughoup Vs Mean réte of job arrival.

*  (2) Throughput Vs Central memory size.
(a) For mean rate of job arrival = 4 joyé/min. i
- ~b) For mean.rate of job qrriual = 60/i4 jobs/min.

(3) Throughput Vs Mean-disk access time. '

y) Phroughput Vs Cpu time slice. _, ' /

(5) Mean Wait Vs Central memory size,

s

(a) mean time between jQb arrival = 15 secg. '
- L
(b) mean time between job arrival = 14 secs.
® ' : - - . ~
, 5.8.1. Throughput Vs Me;n rafe of job arrival. ‘

Th€~fesu1ts~obtained from simulation is shown in figure 5-9. .

The mean arrlval rate is changed from 60" secs., ie., 1 Job/
min, to 6 secs., ie.,\lO jobs/min. and‘it is observed that
the throughput is a.linear function of arrival rate within

a region of 1 to 5 jobs/min, mean arrival rate. This ik

gte. -

due to the cht that the system is not saturated’ and serv1ces
all-jobs without delays. The rofources are adequate 1n this
'regron with the result the throughput matches with the mean

arrival,rato‘ . . s

./ s h . /Ao N L4
. N . - ' Lt
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1 “. \" k-3 - -

. ' . ' -
When the mean arrival rate ‘is changed from 5 to 10 jObS/min.

¢

e system exhibits tendency- to saluration. - The throuﬂhput

. ) keeps on rising and reaches the maximun value of 315 Q?yg/mln.‘ R
- ‘ .

f ' - The loss of throughput is caused by resourceg limltatlons.

\

)‘ The resources are tied up by - the JObS whlch are scheduled 1n

Y \

central memory and new jobs arr1v1ng 1n the system are therefore”

. queued in central memory queue. In later part of the exper17

- . . - " .
mentation, it Would be shown how an increase in resources

g Al s .
~increases throughput. : ; ) _ &
. 3 * - .

-
o

In conclusion, it is established that the throughput
of & system‘dependslto a large degfee on mean rafe of jobs

which are serviced by the system. It is uncovered'thit the

throughput is directly proportional to mean4arrivalnrete;fow

?

- %

JOb anrlval rates between 1. to 5 jobs- per min., as shown in

[ 3

fngure 5—9.( ‘ L - 1 \;, .
.oy -  t --., . ' Q" 'u . ‘_'__——\-(‘ ‘
_$.8.2, Whronghnu+ Vi Centrd Mehor sizc. . " .

o~ . -

s - o .

*Ccnt~~1 renory, is an Jmporuant reoource in ths syatem. Thls

-~
-

,could be evident from the reqults,ohown in flgure 5 lO

PR - -

Referrimg to appendix A for systcnm results, 1t'1s ev1dent'< .
‘that the loss in throuéhﬁut'is‘mainly caused,by'fejecfion of

’ K
jobs due to exce531ve memory demand (, ie., .the’ memory demand, ,b

A

exceediﬁg~total system-memory) However, this is mot thelonly

-

factor, a lower €M capac1ty results in hlgher number of jobgs

%
°

in CM ' queue waltlng for seerce; Thls is t 1e. reason_ for ;

- . “ . .

.
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7 CM quéué but‘iﬁdrééSes ‘the sizes’o

: - T 76

.

'lower throughput This could be suppor%ed from figure 5 11

where CM size is already 300K ; the system results sunnort

that, ai,BOOK CM size, there-are qp reaect;on.‘of jobs. In
figure.E-ll, it is shown that the throughput is increasing

,with the in¢reasing CM siéé;.this is happeninglwhen the system f” ‘
"is saturétéqﬁé;“shown in figure.5-9. , : R :,;f
. & ' .

.. Thus, we could sonclude that.the central memory

»

sizd is important in increasing thrquhgst, but ndf‘suffﬁcientiy"f‘

° ‘ ‘ . . L '
Enough to match the input rateée ; it would be wncovered- in later
~ . 1

analysis thatr increasing central memo;g}sizé relieves the -
. ° . -

£ Disk and Cpu queues. But -.

]

this could hapoeg,only at very high meah axrival rate of JObS. L

.

Yor mean arrlval rate of JObS with' mean inter arrlval tlgas

,af”é Seﬂs. or 14 secs., the~tnroughput matches w1th the innut "

,'& Q

rate at 25OK central memory 51ze, and the system 1s balancedq >t
* ’ ’\ [, \ -

K‘Z 8 'F, ‘OT":'ﬂ“)U' Voo Mooo Digk

accens’

tinme. Rt
L
ey .

L . © .
Referring 1o avpendis b for siuulated systewm output, it is - - /

.noted that the I/0.activities of the job load sipulatcd

-

;amdunts to 35 % . Hence, it is expected that increasing

s : ‘ o . Da s . '
mean dlsk aceess time would improve throughput, Referring to

flgure 5-12, the following cogld be 1nferred'

n

(l) The throuﬂhpuu'lncreases very ranldly from seek time

‘of 4O ms. to 30 ms. P '

- ) L )
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Q 2 ! i N
'U/// - (2) The throughput increases very slowly-from seek time .

. © ~—— YarMtions of 4Oms|, to “Sms.

( ) Wl h mean seek‘tlme of 17.5ms, we achleve éﬁf;roughput of

and seryiced due to shorber average Disk seek tape. Théjlong ©

oy . .

" 1/0 bound jobs in Disk qaﬁue take relatlvely short tlme due

. to 1mproved DlSk access time but the t&me»dlfference is not
~

large enough to augunent throughpht by large amount, Thls

could be a.p0581ble ekplanatlon of slow rise in throughnut

o

between 3Qms. gp '5ms, range of average seek time. In thise )

exberlmentataon the mean Disk seek tlme “is varied. To reduce , -

- b

'\.

the effect of rotatlonai ‘time on measurement y its average-"

4

valno is reduced LO 10mu~ fov Dinclz seck time 20ns. The Void

-’ - .
c" :" °©

$- «3 LI - vy e ! “evr DN
trans tihr Y ds delen ac 128000 choleociors/ecc,
v, - :

44

f\.’}

5,§ q.ﬂﬁffecus of Central Meé%”y Slze and Ieen Disk Access

o

. k) L S N 3

time onﬁ!W item, - -, .

-

- v

- vr . “n . N
. . A 5

THé "overall effect on system ol méan.Disk seck time variation

V

sis summariged in'Table 5-2 and the effect of central memory

p— \

Size is prOVldOQ 1n Appendlx A as simulated results.

[

From table 52 we;cogld conclude that the mean o
|

‘.
:

waltlnﬁ tlme 1n Disk queue is- reduced w1th the reductaon of’ .. . )

- v

mean Pluk seek tlme but lt E-] 1ntersting to note that the




a

70

TABLE 5-2. Varlation 6f queue parameters with Disk seek time

Disk | Mean Wait | Max. Vait | Mean.Q-length{ Max. Q-legth.
Seek >~ _Sec. R .
time DK CPU | Cit DK CPU CM DK CPU CM DK CPU
Sms | 159 1 | 3 lasoel9 fu6 |16 o |8y |15)17°
10oms 172 1| 3 laag|23| 43 | 22 |1 | 8 {54 [16]18
15ms 77| 1 | 5 [soaq/15| 48 | 30 |1 | 87 |70 [I8 18
o0hs 198] 2 |" 3 |gsaq 18] ut [ wu |2 | 7 _[89 (28|16 |
3 - %m\" 4 ‘ . . Y »'
25ms [199] & | 3 hgl2l] 16 [ 5k [2 | B 13 19115 -
30ms |188] 3| 4 |spy 24| b4 [ 70 ,f 371 87 [k |19 191’ -
. .
A | t - °
. . .
S v
x Jo‘bf:’input rate = 8 jobs/m'in.
g \
/
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- mean wait in central memory queué is also reduced. The sgstem
is very sensiti%e to disk seek time. A-faster access brings

the thfoughput consideraly higher}than‘whet we could achieve,

.
by increasing the central memory size. A faster disk access

et : .
would improve both throughput and response time.

-t r

3

. ol . : oL : ;
5.8.5. Systenm throughput with time~siicing. v

&

This is the last phasF of work w1th the model which \id to

be changed to 1ncorpdgate Cpu schedullng.

Figure 5-19 shows the flowchart of the model cheé in
Simsgript. The major area of modlflcatlon was the 1ntroduct10n
of-a ngew mgdule pru scheduler, called CPUSR The main
fugzﬁlon of CPUSR is to glve/control of CPU to a job only .
.'for a fixed amount of time, and rotate the Cpu among various
* jobs waiting in central memory. The CPUSR is scheduled by

" endogenous event:PHAS2. The CPUSR may schedule endogenous

events PHAS2, PHASL, or itsclf. . W ‘ ]
. \

If Cpu, time dlstrlbuted between IfO has
eIap ed it will sclicdule endogenous event PHAQS“\When all
1/Q aet1v1tles.ale over except final output; it will schedule
. PHAS2. It schedules itself when it assigns Cpu to a waiting

JOb; intuitively thl ‘shoulq‘increase the turn around time

~ of 1/0 bopnd’jobs.,Figure.E-IB shows 'the relatiofiship

Pk N

[ 4 .t
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~—end

between throughput and time-slice. The time-slice is varied
from 50 ms: to 400 ms., and its effect on throughput is noted.
Referriﬁg to figure 5-13, ifjéan be concluded that the time-
slice has very little effect en\the tﬁroughput with the
simulated.job stream and the model, Thé Job stream used|fon
simulation ﬁas\mean time of 8 secs. between Jjob arrival.

Also the jég stream is CPU bound for 95% of the simulated
time and' I/0 bound for 60% of the simulated time, and this

is possible due toioverlap of 1/0 operation and Codputation.

As dicussed under 5.4.3, the CPU is tied to a job

;only a fraction of total cempute time. The compute time of a

Job is sliced with I/0 activities during which the CPU is
?eleased. This is the reason th CPU scheduringudid not increase
the throughput in‘fﬁgure 5-13. In chapter'y , it is mentioned
how CPU time-slice affect throughput as found by Sﬁerman and .
et. al, (52). - - PR

-

¢

5:8.6. Mean Wait Time Vs, Central Memory Size.

‘e S - - _
Mean wait time of a job is an important parameter il system

estimation. Item 5.7 illustrate the significance of this para-
Ky \ -

. \ :
' m@ﬁi&. Figure 5-14 and 5-15 show the effect of central memory

size. variation on this parameter; it is apparent in both

graphs that the relatidnship is highly nonllnear. The graohs
/
514 and 5- 15 show the following:

_As the central mewory size isd 1ncreased from lOOh onwards with

an increment of 50K slices, it is evident that between 100k

and 15“?3h figure 5-15 eYblblt a maximum which occurs at

+
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150K and drops to a lower value at 200K, Fiéure 5-14 and 5-15

demonastrate that, on the whole, the mean waiting time oo
' ‘ -
decreases witht increasing CM size, hY . T
v The relatlonshlp exhibits local maximum and

minimum at dn.fferent values of central memory. It is also

v

apparent »th,a,t the .mean waiting time depen’d‘s on the job stream.

o

‘Figure 5:14 is for a job stream of thousand jobs with mean

time between job arrlval of 15 secs., and Tlgure 5 15 is >
| & o

for a dlfferent,,;gob stream with meafr’ﬁ‘ime'““'between JOb arrlval

of 14 secs. The local maximum and mimimum values of mean i

. -~ - £ S “ . ¥ ? * ! -
waiting time with -vartation of Tentral memory size could be

explained on the ¥ight of the gollo'wing hypothesi_s: A

a

Reférrlng to flgures 5-16 and 5=17 whlch show how the
.max1mufa qu.gue lengths of dlffercnt system queueu, eg., central’a‘

memory, ~disk and cpu are changlng w1th 1ncreasing éentral

{ : .~ .
menory size. Lt 15 shovr that the canraW MGII0LY queuo s-i:;:o\

i5 c"{-:(:;/c::r:i;.;‘ vith dnergesing coeniral medory cize. This o,
. . il
» i

offcourse, expected. Dut this does not predict that:the ‘mean
- . -. . . L] \ . . . . 4

waliting tiwe will alco decrease since The mean vaiting tiwe

depends on lwo factors: ’ . - £ <

(a) The leng}th of the queue.

(b) "I‘he' tlmef thc. queue length is maln.talncd . o
¢ ! )
A _Ea:rt’ lar job waiting in central memory would have an adverse
SoETe . N

effect on mean waifing time.-A job could be held.up in central
.

memory qdeue lacking availéblé memory. Although the total central
. * . v,

memory size is increased, the job occupying central memory

. - ) *

~»

i ;
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’could be be held there until other resources’ of the system

; become available with the result jobs in CM queue would

. be waiting for 1onger period of time Thus it ‘could be v
deduced tnat Disk queue and Cpu queue would affect the mean
$ Co

ﬁi waiting time in central memory queue. Tth is supported in

R 1\

in the figures 5€M3 ‘and, 5-17 which’ Show how Dlsk queue
and Cpu- queue s1zes are increa51n# with 1ncrea51ng central S

) memory 81ze. Thus central memory alone .can noi decrease

. the . mean waiting time.

N - . ~

When the system is workipg_eéainst.a-backlongf jots
in digigrent’queues, increesing céutrai_memory would.result
in more jobsvbeing scheduled by the sttem"scheduier-in,
central mem;§§§sggis would undoubtly decréase central
's'memory Queue lengtﬁ\but the scheduled‘jobs‘would require thc‘
. serv1ces of CPU and DISK, consequently y, A8 shown in figures
5-16 ahd 5—17, the Disk queue and Cpu queue would increase.

Although ¢entral memory queue Iengtﬁ\is decreé%ed s, Disk and ¢

N Cpu queues\would‘Causa delay for Jobs\running into completion

.I; §$\\\\ and thereby increa31ng mesn waiting time.

»

]

PN - It is not pOSSlble to predict‘”here the lo€al max1mum )
\\\and minimum would occur for all: Job stream. The relationship r
holds in general *overall decrease in wait time with 1ncrea51ng
\'6M451ze, for different job stream, but 'exact nature of th
.curve depends to a large- extent on Qature of Jobs. ‘This 1s

supported in figures 5-14 and 5-15, - ‘ e

v

.p



6€.0. Conclusionsm

-, 0 The performance measurement and evaluation problem is .\
.~ U cdmnlrcated by the 1arge nu\per-of varlables assoc1ated with RN

. it. The measurement crlterla-forgperformance, as ,used 1n thls .

. ‘ «work are-throughput, response time and various queue parameters..\

b

' ; . . . Y T~

y 3 * + . . [
) . . \ . .

- A large nultlprogfammlng ani time- sharlng system, KRONOSr

- R 3 L4

- o - has been investigated. T ' o . . ; --

; - Analytlcalﬁand 10g1cal models of multlprogra/mzﬁg system ‘have -

. B been developed and studled Towards this ‘end, the approach ,; % ‘
‘ ‘ | was 1n four phases. The flrst was devoted in building the . -

L i

logical model; two. sllghtly dlffcreat moﬁels have been -

developed. The second phase was to 1mplement the mddel using
) 31mu]atlon 1anguage3 SlmsEr;pt, The third apd the fourth |,

phasengyereito voe the nodel to understand*ﬁhe difiicult ~to~
. 'ﬁ~fhnderstand probleins of'mdltiprogramming systens,

-
te v oo

v

The interplay of different parameters in systems are -

o

" exXt emcly compllcatcd analytlcal models arce hard to bulld

! \
because the relatlonshlp between parameters is not a function

. . ,*
: “but- results from sbructural 1nteract10ns. . '
i . . . + ) \\\ . ] . . -‘
- K4 © \\\\ . .
L \ In this work:the target 1s ‘two parameters, throughput .
i)

and mean waltlng tlme. The obgectlve is to reach an’ optlmum
4
. stale for these parameters, and in order to achieve that

.4

- B . N (g
.

the system resources, incoming job stream pattern and finally

Ty

* .
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‘deal It also 1nvorves the structure of theonroblem whlch

~system. It is anticinated-that the present work has generateo

-

1 rate which causes the maximum . throughpuzejut .

'CPUttiMeizlice‘is Varieg;;It(was fdund that there exists a’

job arri
L < '

Mean Waltlng tlme in Cerntral memory queue deterlora

.Figure 6-1° shows a bulld up of wait tlme w1th progre851on ‘of

time and finally the wait time attalnsla steady ltevel.

a

' An interestlng fact noted 1n these experlment—

“

ations was the effect” of Disk seek time on central memory queue;.
a faster seek 1mproves both throughput and wait ﬂhme. The effect

of Central memory size, after. some level, otable~300K,\was

less prominenit than Disk seek time. _ ) ‘ - .-

- - "~
-
, e

One shortcomlng of the model is its lnabllity to handle

~

’ rolleut and rollin,’ It is anticipated:- that rollout an& roliin

wonld affect the Disk queues and it could be a déferminlng

factor\\nthe end, Flnallyjemphasls should be glven to the .
T

) approach 'tob the problem of performance evaluation rather than

the . spec1f1c model and results. The logical model:seemg o o

. prOV1de the answer towards s1mplify1ng he problem a great

.

in the realistic part of the nroblem into investlgatioﬁ.

/‘ ‘ v

>

-In‘fu\ture both the analytical®and logical model would

be incorporated into one for exact reoresentation of the

!

° N L}

some questlons and thlnklng on the subJect of performance

o

evgﬁuatlon of a 1arge system and it has answered a few questlons

A

to people who are interested in this area.' ‘ "
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NrPiee 4 s e

\4‘~
3

.

FILE HJOB IN CHOLCMY v N . .
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oS .o cnwcum) CrSPL(JIhY £ 1036, ' IR . , | <.
. « IF CHSPLCJCE) GT TCHEMIC Y, GO TC &0 ' . Cho T, te . T
v T LET TCRUTSTCFUTCIPTINGION . . . - -
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o IF RECNI{JCPY LE 0.y GO TO 10 . . 2! . -
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Coe ° . LET CMALICMY =CHMSGLITMY /TOTIH  $MEAN N-LENGTH. TN )
. . - LET hXMEL (LK) =DXSGL(PKY ZTOT I : .
BN LETY cPch(crm:crscucpmnot{n t NEAN D-LENGTH CPY -
: LET CHMHT(CH) =CHSTHIGM) ZCHENTICY) € MEAM WALIT TIvE, -
; o LET DXMET(DX) =NRSTHIOK) Z0KEITLOK) SMEAN WATT TIME 218X
' . "\)- LET, CPPRI(CPLISCPSTHICPUI/ZCPCNT(NPUY  SHEEN BAIT TIME CPU
e . LET TOTIM=TOTI“STIMUSTIMMOTIPS/1C00./664+/60, .
W . v+« LET RVTWR=NCJIPR/ICTIN  $AVG. THUPUT e
P ~ -LET HCPUT=TCPUT/€0./30. iy < - :
§TT CALL.PRESULY . :
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L REWIND 14 4 . . . .
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: RETURN . .
S 10 CREATEPHAS2 £ -SCUTDULE NEXT ROUTINE.
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JASTORE

- IF CHo(CH) IS E¥PIY, GO 10 70

W aer g seim . - .

EMDOGENOUS EVENT PHASY ) '
STOPE JORFL(PHASLY IN OB '
DESTROY PHASy - .
IF ODXENG(DX) LT .¢0.), GO VO 40 ’ .
CALL 'NKCSBUUBE) | ' ' )
RETURM - . e
LET DRENGIDKI=4.C ! . :
IF ICPUTIYODY (8 C.,ohD TO 19 ' h
LET PTIPE=2.4(INIAC (JOP)® (CKPOS (LK) 4NKLATIDKE) +64.*DKTFRCDK)
3 JC® LCAD IN DSK GND CF LUMPED.
LEY PTIMESFTIVE/TINS/TIFM/TIPH . . . . R
G0 YO 5¢ . . \
IF CTPUTULJCB) LE Cey GO TO 20 -
LET PTIFE= FINAC(JO7T)*(OKPOS(DX)+DKLAT (OK) Y +64 4 *IKTER (DK)

$ RESULT DFVLPY IN D5K. PR
LEY PYIME=PYIMEZTIPS/TIHHZ TIMN . .

.,
’

GC TO 535
LET PTIME=(DKPOS(DK) +DKLAY (OK)OIOQEC(JOP)'DKTFRIOK))ITIHSITIHHI

"LET RECKT(JOII=RECNT (JOBY =30 "\

CREATE -FHASS § 102EC TRANSFER RTN. .
J02 IN JCPPS5(PHASS) % . . )

CAUSE PHASS AT TIHE+PTIKE . °

RETURN - .

ENQ t . . Ty

ENDOGENOUS EVENT PHASSH .

STORE JOBPS (PHASS) XN JOB ’ .. .

DEZTROY PHBASS , T

L&Y OXENGIDX) =D, t FPEE DISK o ,

1F OKQCOKX) IS EMFTY, 60 TO 44Q : '

RFMOVE FIRST DJOE. FROM OKC(DX) ) .

CALL DKDC(DJCE) ¢ CALL DISK NO- MANAGEMENT RTN, '

CRLATE PHASH

STORE 0JO8 IM JOEPL {PHASL) , ! ! . -

CAUSE PHAS4 AT TIME : .

IF INPUTCJCP) LE Gey GO TO 60 . . '

LET INPUT(JOR)=0, ' . O

CREATE Pyasi . - - .-

STORC JCO' I# JOBFL (PMASY) ' SR

CLUSE PriSL AT TIVE N

RETURE , s R

IF 0VPUTIJOR LE Gos GO TO 50 A Y .

LEY OTPUTLJOUI=G, . & : T

crétm PHASG .
RE JO2 IN JOAFG LPHASH .

CAUST PHASS AT TIKE s oo . R

RETURN ) . : . v

LREATE PHES2 . ) ..

S1ORE JOU 1N JOOFZ (PHESDY : Coe :

CAUSE PHAS2 £T TINE ‘ N ’ b

rETURN - .

£ +

ENDIGENOUS EVENT pnnsa ) ,

STORE JCPFRA(PHASE) TH Jom - . . ,

DESYOOY: PHASG® ° . ./ ) .

IF CPO(CPW) IS EPPIY, G0 TO 60 o ‘

REMOVE FIRST WJOE FIIM cPOICPUY o “ ‘

CLLL CPDOHJICE) TCPL-0N MANACEMENT RTN, . . . .

CREATE PHAS? . e

SYORE HJO9 IN JOFPZ(FHAE2) ‘ ' A ~

CAUSE PHAS2 AT TIME , '

LET AVLMH(CH)=AVLHP CCHI4CPSOR(JOR) : SUPDATE AVAILAMLE MEW,

t TM C RY

LET DUMYOs= cucuncm o 4t :
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10 REHOVE 'FIRST WJOI EROH croec '
IF CUSPCivIemrCF VLM ICH), R0 TO 100
LET u?#ﬁLcurv*-a. ’
E WJ09 TN CHQ(CH) :
IF DUMY2 LE (C.), O TO 70

60 10 114 . y

09 CALL CMCC(WJOBY €CHM D7 HANAGEMENT RIN,
CREATE PHASY . .
STORE WJCEB IN JCPF1(°4a51)

CAUSE PHAS: AT TIME & GO.34CK TO FIRST'RTN.

70 LET HOJPA=NCJFA®L,

DESTROY JCPR
RETURN
END
ENDOGENCUS EVENT CFUSR
STORE JORFS(CPUSF) IN JCP
DESTROY CFUSR ' . .
LET CPENGICPUI=C. ¢ FRYF CPU,
IF cPUTD(UOR) LE £., GO YO 10
IF CPAICFU) IS ErPIY, GO TO 20
CALL CPUQSE(JOR)
REMOVE FIPST WJOE FROCOM cRQ(CPY)
CALL CPDOCWJAR)
606 STOPE WJOB IN JOE
20 1IF CPUTC(UCE) LE DELTA, GO TO X0 . .
< LET CPUTD(JOR)=CFUTD(ION) =DELTA . .
LET CPERG(CFUI=1, - -
CREATE CPUSR ' :
STORE JGR IN JOFFS (APUSK) . . »
CAUSE CFUSR AT TINFedSLTA .
PETUSN
4G IF RECNTCJOE3 LE 0.,60 TO &0
CREATE PlHASY
STORE JOR IN'JOBR3(PHAST)
CAUSF PHASZ AT TIME
70 IF cen(cPuY IS E¥PTY, GO TO 50 < ° 7
REMOVE FIRST NJOP FROM cpc(ch)
CALL GPDOINJNE) : : "
GO YO €8 ‘ - .
36 LEY CPELGCPUI=L. ) . . S
CrELSC cPush
‘GTORE JOH 1IN JOBESLMULRY
CAUSE CFUSR AT TIFEtCPUTO(UOR)
LEY CPUTE(JCPI=C.
RETUFH
6D CPEATE GRESE :
STON: JCH 1N JORE2 (PMASDY
CAUSE PHASZ LY TINE ,
GO VL 76 .l .
£0 RCTUN : .
FNO
SULRMTING cHCSUE (IO
LET CﬂSGL(CH)°PM<(L(C“)OKTIHE-FMILS(CN))'CFOUL(CM)
LET CHOUL (0™ =CNCUL(2YY 41,
IF (CHOLM{C¥)) CT

$ GET JoB PHTR.

LET CHOLM(CMI=CPCULICY) - .
40 LET CHCATICY)=CHIHT (DM 4, -

LET TIKFCLJION=TINE

FILE $OB IN CHOLLH)

END e N
SURAROUTINE CPUGSE (J09) +

“LEY CMTLS(CMI=TIME | ) .
) aoqag’ T .
RETURN .
LET CPSCL (CPU) SCPQQL(CVUIO(TX“'-CPTLSICPU))‘CﬂﬂULtCPUl

(CMAULICHIY, GO TO 40 § UPNATE Hax

“o

AN




N H - - v
[ . o - }
P T e o e e Al
ot . . ) : - . . .
[l e e e e e w. . . SRR AR S .
‘ B el M . . o
Lo G ;
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L) J IF CPOMXICPU) GR £egyL(CPUl, GO TA 20 - ° - o I -
4 -~ LET CPOMX(CAUY 5 CPAULITPUY) . . .
e, Sl 20 LET CPMT(CFU)zc?(‘H(cPunz. o -
A LEY CPILSICPYISTIFE T )
LT LET TINPREJC®)=TIME : ’ ) ) -~
' ‘. FILE 008 Ix CPO{CPU) ) . .
1 ~ RETURN : T Lo
. £ND T . . . .. -
[ SUBROUTINE DvCSe(JCTY | : - -
' LET NKSGLICK) = C¥SGLICKY 4 CTIFE-0XTLS (DK *DKAUL (OK) :
. ») LET OKCUL (0K) =DXCUL (I¥) +1, » ‘
L IF DKOUL{DKY GR TKCMX(CK), LET CKQHX(DK1=DKCUL(OK) . ’
2 LEY OKCAT LK) =DXCHT(DKI ¢1 o *
) . LET OXILSUCKI=TIME ‘. - S,
- © LET TINPO(JCS)=TIME ‘ L :
. . FILE JOB IK DKO(L¥) ‘ i .
SR RETURN - - . -, G X
S END , ' .
; SUBROYTINE CPDA(JOD) " L .
LD LET CPSRLICPUI=CFSCLICFU) ¢ L TTHE-CPTLS(CPUY), SCPUUL (CPW) .
; LET CPOUL (CFU)I=CFOULICPUI -1, B .
: LEY CPSTH(CPU)=CPSIWICPU) +TINF - TINPOLJNG) N . N
“ e .+ .+ LET 2AP=TI¥E-TINFI(JQ0) .- — .
: IF CPUMX(CPU) GR ZEP , £0 TO 3¢ .
. LEY CPWMX(CPUIT 74P . . N
30 LFT CPTLSICPU) =TIME . : -
~ RETURN ‘ . . ;
- . END . e, )
. SURPOUTINE DXER(u02) ’
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