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ABSTRACT

N Nhi]e operating system concepts are taught to students 1n

'i undergnaduate programs 1n Computer Science a student project 1nvo1v1ng
the development of an operatlng system creates a d1ff1cu1t situation '~. :
- due to t1me and financial considerat1ons.. Using GPSS to s1mu1ate :'
the behavkn~of a student-created operat1ng system can reduce these
problems and serve as an effect1ve learning device Many features
and concepts can be simu]ated that m1ght othenﬂise be 1gnored in a
.e;student proaect.. An 1mp1ementat1on of a student-created operating
”_system is discussed Stat1st1cs coIlected from the GPSS simu]ated
._f_mode] are used to 1nd1cate some measure of performangg\ior the

operat1ng system. o - . //"‘
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1. INTRODUCTION -

. e : R k-"”' : :
" +Ina course on operating systems students learn princ1p1es and

basic techniques. Examples and exerc15e5 heTp them to understand how )

' are not enough For a student to appreciate some of the prob1ems, he-.

these techniques ‘can be app11ed pract1caI1y Unfortunately, 1ectures.

- has to face them himseif

The main prob?em 1n giving students practica] experience in
operating systems is cast. They cannot be aI?owed to tamper with thed
production operat1ng system of the university It is not on]y cost]y .
in terms of money, but can degrade the service provfded to other users,

Hhile @ mini computer may seem to be a. so1ution to the above prob1em,

p it can fail to adequate1y serve a large number . of students,each of

~t

whom could be deveTOping his own part1cu1ar operating system.

One useful alternative to the above problem is to consider the
use of simulation.as a means for implementation of a student created
operating system Though it removes the student from contact with
hardware, simu]ation is an effective means for 1ntroduc1ng and

1mp1ement1ng the various concepts necessary for understanding the

principles of an operating system.

The purpose of this project is to deveTop a student-created
operating system in a mu]tiprogrammingfenvironment by simulating its

behaviour using GPSS (General Purpose;SimuIation System V/6000 [CDC 71]).

GPSS has the advantage of being a high level computer\ianguage



specifically des1gned for the s1mu1at1on of discrete systems Con4 -
'h‘sequent1y, the student does not have to become 1mmersed 1n deta11s such_,n

’as. generat1on of rapdom numbers, queue d1sc1p11ne, stat1st1ca1 dis- .,'

o tributions etc. The student can concentrate on spec.fic operating

System concepts due to the power of GPSS - |
This project can be used as a teaching tool 1n a course on

operat1ng systems. Parts of the s1mu1ated operating system can be
taken and demonstrated to the students. In add1t1on various algor1thms'

and techn1ques found in the. hardware and software support of an
"operating system can be simulated with minor modjfications. -For )
“example the stattc partition spec1f1cat1on'scheme used in the simulated
3 mode1'¢an be changed to a dynamic part1t1on speciftcation schenme.
The.stattstica1'resu1ts'produced by the model will indicate the
 {mprovement in the eff1ciency of the system.
What foI]ows is a description of the design and 1mp1ementation

of an student- created operating system. C - ’

1.1 Qperating Systems Terminology Used in this Report

. The following are definitions for terms that will be used in
later sections: |

A uggg_is anybody that desires work to be done by a computer
| system. A jégﬂis a COmputation requested by a user. A job may be
divided into several stepsl(job steps). Job steps are units of work
that must be done sequentiaily. For examp1e the three steps, compile,

load, execute are job steps. Once the operating system accepts a user's



| ‘305;'1t creates severa1 prdcesses" dohh J, Donovan ahd Stoart‘E
Madnick 1n their book [MAD 747 def1ne the proce&s to be 2 computation
that may be done concurrently with other computat1ons. Per. B.:Hansen
in his paper [BRI 70] defines the ‘process: (1nterna1 process) to be/
| the execut1on of one or more 1nterruptab1e programs 1n a given storage
area _ ' |

A process created by the operating system may create other ‘
'__Jprocessesr when a process completes its task reports back to the.
father process, and 1t is then destroyed. Figure 1-1 dépicts the
re1ationsh1p betWeen'oser, job and processes; Job, job steps and
processes are represented in the GPSS program by transactions.

Transactions are units which drive andarenmdified by GPSS b]ock

structures. A mu1t1programmed (mu1t1programm1ng) operating system

is one that maintains more than one user program in main storage
simultaneously, sharing processor time, storage space, and other

resources among the active user jobs.

ln the -following sections we will descrfbe the operating system,'
including a description of the hardware components and software modu]es
required to support this system

While it s 1mposstb1e-to describe all :the GPSS blocks reqoiredtl
to simulate .all of the various actions of the operating syst%m, a
deta11ed description is presented in section 4.8. showing how GPSS s
used to simulate the 1/0 Device Manager.

It s assumed that the reader is acquainted with the various

commands in GPSS. Because of this, no discussion is given on describing



= propert1es of - GPSS comnands. _ o ,
| Add1t1ona1 1nformat1on on GPSS can be found in [cnc 71],

[IBM 74]

A

| . ( job step | ~ ( Job.step

@

‘ (&
Figure 1-1. User, job, job step, process
.) /
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2. DESCRIPTION 0F THE OPERATING SYSTEM __f :'
| The f0110w1ng is a br1ef d1scuss1on on the operat1ng system
7ishown in F1gure52 -1 and F1gure 2-2. L He 1ntend ‘to trace a job, sub-

m1tted to one of the 1nput stat1ons as it moves through the operat1ng :

”:system.
. | Let s assume that we have a.source program wr1tten in a computer
1anguage X and that via the JOb cards the user has requested the system
to comp11e Ioad and execute the JOb." |
The card reader reads the source program while the channe]

;transfers*the contents of each source 1nput card to the work area of
the input spooler, where it is examinéd. If the card read is a job
tard‘ the input spooier'énters the charadteristics of the.job (c1ass, '
priority, ID etc.) into the system's 1nput job queue, stored on the
input drum v1a the channe1 If the card read is not a JOb card, the
information contained on th1s card is etored on the ihput disk.

. After the‘source program has been stored on the input disk,
the job scheduler schedules the job for ekecution. A partition in
the main memory is.assigned to the job ahd a request is made to the
proper ﬁ;mpiler to compile the source program. If the requested
compiler is not in the main.memory,_the'system wiil access it from
the input disk, where all the compilers are stored, and load the
compiler into main memory. The compiler-accesses the -source code~og

~the program from®the input disk via the channel and compiles it.‘ The

5
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f:-channe1 the 1zst1ng of the program onto output disk.

-

"-obJect code (re]ocatab]e machlne code) produced by the comp11er, is.

AL

'Jstored on the 1nput d1sk The comp11er a1so transfers via the

When. the comp11at1on of the job 1s_oyér, a requeét is made to.

'gthefJoader‘to Toad the programriﬁto main memory. The loader~will

: .aCCeés.the‘object code of thefprograq?from the input disk, produce

the equ{valént absolute machine, code and Toad it into main memory.
The JOb now is ready to be eXecuted

The CPU schedu]er will ass1gn the CPU to the job and the

d

'output data, produced by the JOb dur1ng execution, is transfered via

the channe] to the output disk.

L Hhen the executlon of the Job is over, the job enters the
system's Output-JOb queue. A 11ne printer is ass1gned to the job
andzthe output spoolé?'accesgs the'informotion, to be printed, from
the output disk and traoefers it to'.the 1ine'printer from where it
is printed. S o L

A larger discussion on how jobs ;re treated by the software.

modules of the system is giuen in section 4. : .

/ o
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3. HARDNARE COMPONENTS OF THE SYSTEM : | T“'t S :?‘;_
-support the operating system. These components are composed of the “

;and output disks.

e pme e s

The foTTowing is a- discu551on on the hardware component that

\

card readers, line printers, CPU channeT, 1nput drum and 1nput ';‘ ' ' _ |
: / e

3.1 Card Readers o o L | d- o

As we can see from Figure 2-1 the 1nput ports of the system are

the card readers. Ne aTTow the system to have from’one up to five

- card readers. Each card reader has\a buffer which-may hold the ',

contents of one input card The time taken by the card reader to ' -1 ‘
read a card is assumed to be 60 ms [MAD 74]. A card reader w111 |
read a card and store the contents of the card in the buffer of the
card reader. At this point it will signal the jnput spooler to. i \cf“
examine and store the contents of the card into an appropriate .
auxiliary storage device. As soon as the card is stored, the input’
spooler signals the card reader to read the next card and the process
is repeated until all the cards of a user deck are read into the system
Figure 3-1 shows how a card reader can be 51mu1ated in GPSS
This #s a simplistic model used ta 111ustrate the power. of ‘GPSS.
A more complicated model has been implemented in the student-created
operating system {Appendix A,block no. 16 to bTock no. 37).
Each of the blocks in. Figure 3-1 contains a comment that des-
cribes the effect of the block. The names of the blocks even seew’

g



e ] everylzse. Y

li o

|1, edearn,pE | 0 Assign to parameter 1 the -

‘ R number of input cards of the
B ASSIGN__;#_’;) | o program. . - :

. W o QUEUE ; @ - Programs waif"iﬁ line for
B " ' ' - card reader -

St VAN : Program gains control of
'SEIZE EAD - card reader L -
DEPART (wArT ) * Program departs from queue
- {Back) v | | - N
ADVANCE Qard reader reads-a card
60 ms ) .
Back) pF | LooP ' If more cards are to be read
go back to read the next card
¥ REA d read finis
D Card reader is finished with
RELEASE program
¥ INPQ Enter the program in the
LINK - system's input queue
FIFO ' "
Figure 3-1. GPSS model of a card reader _

SIS [ 1

S GENERATE‘”.]77* o 7."jf'ijrogramsfakfive}in‘the mﬂdef -
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:'.appropr1ate for the types of operat]ons performed by a computer
‘system., For examp]e, the card reader is. represented by a “fac111t;

: wh1ch can :be under the contro] of only onepprogram at a time. 'The...
| SEIZE statement w11T‘enab1e a'prdgFEm—t__take contro1 of the. card

reader only if the card reader 15 not under the control of another

_ program A pnogram is b1ocked by the SEIZE b]ock if another program
'15 aIready occupy1ng the card reader The QUEUE/DEPART block pa1r
.15 used to. gather stat1st1cs of the queue that is formed 1n front of
card reader. A o -

By examining the standard output produced by the’ GPSS sim-
“-ulator, the utilization of_the card reader and the average t1me programs;

spent in the queue can be determined.

3.2 Input Drum

The system has one magnetic drum called the "Input drum".
This is a Fixed- Head drum having several hundred read/write heads
The 1nput drum is a cont1nuous spinning device wh1ch is used to store
the system's input job queue.

Typical characterisitics of a drum [MAD 74] are:

rotation speed = 10 ms
- maximum access = 10 ms
average access = 5ms

serial access (depending on length of record) = 1 ms.
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'ﬁ.f"3 3 Input D1sk and Output D1sk f

L}

The system has two MOV1ng Head d1sks wh1ch are ca11ed the ;.
'j,“1nput d1sk" and the "output disk". The head of a d1sk 1s physical]y -
moved from track to track In order. to 1dent1fy a part1cu1ar record :
) stored on. a moy1ng head d1sk, 1t is necessary to Spec1fy the arm
pos1t10n, track number and record number. The arm pos1t1on is based ‘
- upon rad1a1 moVement whereas record number is based upon c1rcumfer- |
'ent1a1 movement Thus, to- acéess a record, it 1s necessary to move to ’
- the correct rad1a1 pos1t10n (1f not aTready there) and then to walt
chr the correct record to rotate under the read/wr1te head

) The purpose of the 1nput disk. is to store the source code,
?obJect code along with the 1nput data for any program -along w1th the
five separate comp1Ters. No more than. 400 user programs, each w1th
maximum of T,OOU_cards may be stored on- the input disk. If the B
_input disk is full, the input spooler signals-the card readers to
stdp readino any' additional jobs. : N . )

" The purpose of the output disk 1§ito store the system output

System output here refers to printed output, 1nc1ud1ng_system messages/
and user job output printed by the high-speed printer. Typical

characteristics of a disk [MAD 74] are:

n

rotation speed = 20 ms

maximum access =-75 ms
" maximum arm movement = 55 ms
o average access = 35 ms

serial access {depending on length of record) & 1 ms.

[



:f3 4 Line Pr1nters‘ 7 o | ‘ |

o The system may have from ‘one up to f1ve 11ne printers and -

. one aux111ary line pr1nter. Each line pr1nter has a buffer wh1ch may
'ho?d one output 11ne. The t1me taken by the line pr1nter to pr1nt
a line is 60 ms. [MAD 74]. The aux111ary 11ne pr1nter handles any
overf1OW'when,the system sh6Utput §ob queue:contains‘a large number'j
of entries. | .- o | | :

| No spec1a1 act1on is needed in order to add a 1ine pr\nter to:
“the system. L1ne pr1nters are dynam1ca11y generated by the s1mu1ated .

-f ode] when they are requested. from the input stat1ons of the system
I D

| 3.5. Channe1s ,

The system has on]y one b]ock mu1t1p1exor channe] [MAD 74]
-wﬁIhisfchanne]nismusedvtostransfenT1nformatzon“from the buffer of a card
reader to main memory, from main memory to the buffer of a line
printer, from main memory to a Direct Access Storage Device -(DASDj
and from a DASD to main memory.

Additional disks, drums, tapes and channels can be added to
the system with minor modifications in the simulated model. As is.
shown by the statistics, produced by the GPSS simd]ator, the I/q
devices:and the channel are sufficient for this simulated model to
operate efficiently. '

A larger discussion on how drums, disks and channels are

represented by the simulated system is presented jn the next section.
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_4; DESCRIPTION OF THE SOFTHARE MODULES OF THE SYSTEM

qgl-‘

Th1s sect1on conta1ns a discuss1on on the- software components .
of the operat1ng system*‘h&hese inciude the input spooler, memory

management JOb schedu1er, comp11er management and comp1lers, re-

‘locatable  loader, CPU scheduier, 1/0 device management and‘output

,spoo1er.

4.1 Input Spoo]er

The input spoo]er or system reader is the software module of
the s1mu1ated operat1ng system whose pr1mar obgect1ve 1s to 1mprove
the system's thruput. This 1s‘accomp11shed by overtapp1ng Job.pro-
cessing and system input. By system input we heen'theﬁjob-input
stream coming from the card readers.

The basic function of the input spooter is to move the job-
input stream‘from the card reader to directeaccess storage (input
disk). "The fo11ow1ng d1$cuss1on exp1a1ns how th1s is péntormed
It is assumed here that the two tables shown in F1gure 4-1, stored
in the main memory, are used by the 1nput spoo]er as a directory for
storing the system input-and the system output job queues onto input
disk, input drum respectively. -Tablie 1 in Figuré 4-1 maintains indic-
ation'of the status of eaoh input disk storage area (usually.called
SPOOL areas)} where input decks are stored. A given SPOOL area may

be unused, in wh1ch case it is available for use. If it is betﬁg

used to hold an input deck, it may be 1n e1ther 1nput hold, or run

14
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_ — ==
“NAME .| STATUS |LOCATION |

-

.

| ALFA | RUN

BETA | = HOLD el

GAMA INPUT

- — | AVAILABLE| —

'TABLE .} -~

Input drum

~ p Class A Class 8

input job
¥ queue

GG T MmO O W >

TABLE 2

Figure 4-1. Tables used by the input spooler

[
f
!
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'ﬁtatus:
input : The 1nput deck is st111 being read

hold : The 1nput aeck has been compTete1y c0p1ed onto the1nput

,d1sk but the’ correspond1ng Job has not been started yet. i

\
yun The correspond1ng Job 15 current]y runn1ng and is

readlng the 1nput data]from “the SPOOL area.
In addit1on to ‘the above status 1nformat1on, the SPOOL

~

Table 1 dlso stores the user- ass1gned job name and the physical 1ocat1on

-4

of the SPOOL area on the input disk.

Table 2 stores the phys1ca1 1ocat1on, of the input queues for
various job classes, on thut disk. : _ |
' / The input spooler bne buffer in main memory for each card

reader. Each of those buffers is capable of holding the contents of

10 input cards. .

. The input spooler is activated by an 1/0 comp]ete indication
from the card reader. This I/0 complete indication is issued whenever
a card has been read. fhe input spooler transfers the contents of the
card reader buffer, via thannel, to the main memory. If the card
is a spec1al job card .used to start each 1nput deck, the previous
input SPOOL area is known to be comp]ete and is placed in "hold"
ctatus. An "available” entry in table 1 (Figure 4-1) and a free

SPOOL area on the ‘input disk must be found for the new input deck.
The entry is then set to "input", and information, such as job.name,
is transfered from the job card to the Table 1 entry. Also the input

spooler enters the new job into the system input job queue, stored.
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oﬁ the 1nputrdrum. While the ihpﬁt Spoolerrperforﬁs'the above

-taské the card reader reads the néxt inpdt/&ard,of fhé‘job;

| ";If fhe card read by the card Eeadef_is not a job card, the '
1hpdt spooler stOreSfit intq tﬁé spooler buffer that'correspohds-to_ﬁ.
this card reader. When tﬁe buffef\ii fu]}'the'iqput spbq1er_tréns- B
fers, via chanhe1,'thé conteﬁts of the buffer to the SPOOL area, of
the input disk, whiqh Qas asgigned to the job ear]ier. The

f011owin§ algorithm -gives a detailed description of the input spooler

used in thé simulated model. o -
" ;

4.1.3 Algorithm of the Input Spooler

Initially FLAG(i) = 0, and i =1, 2, ..., N where, N is the

number of card readers in the system.

CBUF(i) 1is the buffer of card. reader i

SBUF (1) <zs the buffer of the input spooler that corresponds
0

card reader i.

(



. I/O'compiete
interrupt from
. cardereader i

Q

T o

Wait until FLAG(3) = 0"

" Requast the channel to
transfer the contents of buffer

CBUF(i) to buffer SBUF(i)

Send a request to I/0 device management .

| Signal from channel that the
transfer is over

Examine the contents of the card

is
it a job card™
3 .

the input
disk full
?

P

Examine the characteristics :
Signal the card readers to stop

of the job
reading any additional jobs

>
(> —

e ——— signals
to card

readers
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FLAG(1) =
[ ¥ T
-~~;ﬁi_m____%_r . Send a request to I/0 device management
S1gna'l card r‘eader i T ) ) 7
. p— - -
Signa]lfrpm channel that transfer is over
. A 4
FLAG(i) = 0 'a
, .

f ”

/ i p
- Signal card reader i to
Request the channel to transfer read the next card
the contents of buffer SBUF(i) {.. )
to the Input disk. ‘At the same ,
{time signal card reader i to o — — "
read the next card - Signal card reader i



o

- | Request the channel to- transfer the input
| queueitable of the job ciass to which the
Job be1ongs from the input dfum to main :
memory - . At the same time signal card reader
ito read the next card '

| FLAG(i) =

Signal card reader i

Seﬁd a request to I/0 device-management

71*

Signal from channel that the
transfer is over -

.
" . Iz
| . . -

Yy
Update the input queue
table
FLAG(i) =

ol |

Request the channel to transfer
the updated input queue table from '
the main memory to the input drum

Send a request to I/0 devi&e management

‘_

Signal from channel that the transfer
is over

G



', 4 2 Memory Management

In the s1mu]ated operat1ng system we have used%the stat1c

part1t1on spec1f1cat10n version ‘of the part1t1on a11ocat1on

' echn1gue [MAD 74] By stat1c spec1f1cat1on we. mean that memory.

"1s divided 1nto part1t1ons prior to the process1ng of any JObS This
| 1s similar to the techn1que used in IBM S 05/360 MFT (Mu1t1programm1ng
 with a fjxed number of Tasks [HEL 75]). The,part1t1on spec1f]cat1on
 may be designated‘b& the "computer operator".‘TComputer.qpefetof here”

_refers to the person who is using the simulated model.

In the main memory of the simulated model there are two types

' of partitions, the system part1t1on and ‘the prob]em—program part-

itions (PP-part1t1ons).. The system part1t1on is assigned to- -the

-'operafing system which is permanent]y,res1dent in main memory.

Each of the PP partitions holds a separate user jbbf as illustrated
in Figure 4-2. The partition sizes have to be chosen to correspond
closely to the more common job sizes. This is important since it
effects the uti]ization.ef the main memory. A poof choice in the
size of the partition may reselt'in_increasing the prob1em of frag-

mentation. A typical example is shown in Figure 4-3. In this

example, all the partitions are assigned\\n the best possible way.

Yet, only 209K bytes of the available 800K bytes of stdrage is

actually used. Thus, over 73 percent of the available memory is

~

wasted. While this may be an extreme case, similar situations can

occur in actual systems. \

a

i



‘Memory avallable to the users
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_Partition Partition Size Job, Size Wasted Space

R 8K 1K 7K

2 32K . gK 23K

3 120K 35K 85K -7

4 120K 39K 81K

5 520K 125K 395K
‘800K 209K 591K

Figure 4-3. Fragmentation pmb] em
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o In the s1mu1ated mode] the memory ava11ab1e to- the users

-i1s 1n1t1a]12ed by the. GPSS statement INITIAL XFZO M,where M 15

'an 1nteger number expressed 1n K bytes For examp]e INITIAL

- XF20; 180 ass1gns 180 K bytes of ma1n memory for the user programs

‘:Jobs that request more memory than ]80 K bytes w111 be reJected

by the system The system may support from one up to seven PP part-
itions. The number of PP part1t1ons in the main memory can be |
des1gnated by the GPSS statement INITIAL XFB N,where N is any
integer number from one up to and -including seven. The Pp part1tion

sizes and the JOb classes that each PP part1t1on may serve are

' des1gnated in the GPSS model by the fullword Matr1x 13 (Appendix A,

-b10ck no. l.a). An example is given ‘in F1gure 4-4, The PP

partitions are identified by the rows 1, 2, 3, 4, 5, 6, 7 of the
matrix 1. The row numbers determime the joo schedu]ing/and CPU
scheduling priority (as.wiII be discussed later). The higher the
number the Tower will be the priority. Thus, PP partitions with high
priority are assigned to small row numbers where each PP partition
may serve from one up to four classes. The first four elements

of each row are the c}asses that ‘each partition may serve while the
fifth element is the size of the partition. In the example in
Figure 4-4 the main memory contains three‘PP partitions. Partition
no. 1 may serve jobs that belong to cIasses B and A, while its size
is 30K bytes. The size of the partition no. 2 is 60K bytes and may

serve jobs that belong to classes A, B, E and §. The third partition

~ may serve jobs that belong to class D and its size is 20K bytes.
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Figure 4-4.

Matrix 1
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SR L. In the above d1scuss1on we used the term JOb c]ass but we

d1dknot say anyth1ng about it. . In the follow1ng section we w1]1"

”“d1scuss the Job‘class1f1cat1on_scheme emponed bj-the_simulated B

e

system.

4.2.1 Job Classification

_ As was discussed ear]xer the computer operator assigns job
c]asses to each of the PP partitions,while - users ass1gn a class to
the1r.Job on a JOb card. In the s1mu}ated system there are five

classes, A - G, used to c1ass1fy user JObS into I/0- or1ented aobs,

- CPU-or1ented ‘job, jaobs w1th sma]I -and jobs with 1arge memory requ1rements.

[HEL 75]. F1gure 4-5 shows the seven.classes, A - G, a]ongﬁw1th the
CPU, memory and 1/0 categories M, L, S, L1, etc. The following is a. )
discussion on these categories.

Memory categories S, M, L

Category S: Jobs that belong in this category require M K
to MZK bytes of main memory, where M] < MZ' Numbers in the range
from MI to M2 are.givenlby function 4 (Appendix A,block no. 4.e).

Categori M: Jobs that belong in this category require MZK
to M3K bytes of main memory, where M2 < M3. Numbers in Ehe range

from M, to M, are given by function 5 (Appendix A,block no. 5.e).
Category L: Jobs that belong in this category require M3K

" to M4K bytes of main memory. dJobs that require more than M K bytes

. L
of main memory are considered non-standard jobs and are scheduled

by the simulated system at the end of the simulated period. Numbers



 in the range from M3 to M4 are g1ven by fUnct1on 6 (Append1x A bIock

no. 6. e) M4 is 1n1t1a11zed by the statement INITIAL XF4 H4

The CPU and 1/0 categor1es are s1m1]ar1y defined and are
sunnar1zed in F1gure 4-6 , .
Tyt0 Ty are'1nteger_nembers expressed in“mi11iseconds.

For example; Ti_= 100 ms, T, = 1000 ms, etc.

' 01 to GIZ are integers which represent the number of output.

"Iines of a user Job “without including the JOb 11st1ng and 'system '

messages. For examp]é 95 = 40 output 11nes, ﬁ7 = 100 output lines
etc: .

| I] to 14 are integers whichIrepresent the input data cards
as the percentage of the input cards of a‘user jOb: For example

I3.f 50%, I, = 90%.
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4.3 Job Scheduling

In the simulated system'thgfe are two job schedulers. The”
first is used for scheduling regular jobs while the second for

schedu]ing'nbn-staﬁdard jobs.

4.3.1 Job Scheduler for Reguiar Jobs

e - . ,

Job scheduling for regular jobs consists of assigning jobs to
prob}em—program partitions (PP partitions). Once a job is assigned
to a PP part1t1on 1t rema1ns “there until the execut1on of the JOb

is over Since” no more than seven PP partitions can be specified

""1n the system, seven is the maximum number of user jobs that can be

}
multiprogrammed.

The job scheduler selects the "best" candidate from the
system-input job queue. What scheduling rule does the job scheduler

for regular jobs use to select the next job from the system-input

job queue? In Figure 4-7 we give a Specific example to show how

the best job is selected. In Figure 4-7 there are four PP partitions,

P1 through P4, and one partition PO for the operating system

Assume that P1, P3 and P4 Have been scheduled w1th say Job 9,

Job 7 and Job 8 and that P2 15 now.. ready for another job. The job

scheduler now has. to schedule a job for this partition. Job' scheduling

is performed using the job-c1assification scheduling scheme. Job-

classes, repfesented by letters A thru G, are assigned to both PP
partitions at system generation time by the operator, and to user

jobs by the users. The job scheduler will schedule the "best"

)
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Job -input queue - '
Class A ' . , Main Memory
D | Priorit . o) ;
r Y Partltion no O { Opefating
. ‘ System
dob & O ly i [D,F,G
Job 2 [ Highest . .
. Partition no |
Job 1| 4 le—m | || Jdob 9
Job 3| 4y D A,B
Lowest & Partition no 2 :
i
B,E,A |
Class B Partition no 3 '
| Job 7
\ I CEG!FIB
Partition no 4 Job g

Class 6

Figure 4-7. Job class and priority scheduling
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-cgndidate*of all jobs in the input-job queue that have been ass1gnéd

"a class value that has also been assigned to a partition. Let us

now examine in more_detail'the‘scﬁeduling process.

< The job's class is punched by the user on the’job -card with
the CLASS = parameter (A, B, C, D ?tc.). The assighmént of job
classes to jobs can be considered to divide the 1nput queue into
several subqueues, one for each cIass. .Since several jobs may have -
the same class, a tie-breaking scheme is ngeded. The first tie-
breaking provision permits users also to supply, on the job. card, a
prioeity value ranging from 4 (lowest priority) through 0 $highest
pribriiy)f If, using the priority value, the job schedéﬁ%r still
does not have a unique job, the remaining t{es are broken by the
order in which the jobs have entered each queue (i.é., FCFS within
priority and class). From one to four of the seven po%sib]e A-G
Jjob classes mayrbe assigned tbreach PP partition by the operator.
Jobs for a partition may be scheduled only from queues whose class (es)
corresponds to the class (es) assigned to the partition. The first
Job class assigned to a partition is given highest prioritx for job
scheduling in that partition; if there is a second, it would be second
highesf a third it would be third highest and a fourth wou]d be
lowest. F1gure 4-7 shows a particular scheduling problem with JOb-
class queues aﬁd classes assigned to partitions. Partition classes
are indicated in the upper right-hand corner of each partition; class
priority is indicated from left to ri%ht. F(om this exampte, severaIl

characterisitcs may be observed about c1ass“séheduling. The job

-
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schedu]er may schedu]e JObS for part1t1on 2 from e1ther job- c]ass

| queue A or JOb c]aSS queue B Al] JObS in queue A w111 be schedu1ed ,
'flrst s1nce A is ‘the f1rst entry in. P2 3 ass1gned c1ass 11st and

;therefore has % h1gher pr1or1ty fOr P2 than queue B. Assum1ng that

~

B queue A has several JObS the JOb scheduler then will schedule
the job with ‘the highest pr10r1ty from' queue A. Jobs in queues D,.F
~ and G may bn]y be schedu1ed|in3P1.' Netice also that the same job-

class may be assigned to differeht partitions.” For exampie, P2 and
P3 may both'schedule class-A jobs; although-in P2, class-A jobs have

a'higher schedU]ihg priotity. . The major problem with j0b5c1as$ificatiou

"scheduiihg is internal fragmentation of the main memqry.u An example

of intennal fragﬁentation'was-given earlier. - In that example 74

percent of the main memory was, fragmented. Th1s “f}tt1ng problem-

must be balanced w1th the obJect1ve of ass1gn1ng I/0-bound- jobs to '

high-priority part1t1ons and CPU-bound jobs to lower-priority

partitions, thus achieving a'geqd overall use of system resources.

. This latter consideration will be discussed further in section 4.7.

In the GPSS model of the student-treated opefat%ng system
(Appendix A) the job scheduler is activated by one transaction

generated from GENERATE block 200. This transaction is brought into

- the system at the beginning of thetsimulefion. It activates the

job schédu]er only when the input queue of the system is not empty
and when there is at least one partition free in the main memory.
Assume that the above two cond1t1ons .are satisfied. The

job.scheduler examines the partitions of the main memory starting




L

‘Lfrom those W1th the highest pr1or1ty, until 1t f1nds one that 15 free.j
- Assume that th1s 1s parl1t1on no 2 wh1ch may serve classes A or B
The JOb schedu]er exaimi nes - the tab]e 2 of the 1nput spoo]er to see :
"1f the 1nput queue for lass A is empty TIf it 15 not‘empty the
T',]ob schedu1er se]ects the JOb w1th the h1ghest pr1or1ty from queue A
and assxgns part1t10n'2 0 the JOb If the input queue for class A
1)5 empty, the input queug for class B is examined and-the_above precess
Ais ;epeated; If both input queues are empty and no ether.peftition
B is'free,the'job scheduler will be activated again, either wheu .
e new job arrives'at'dne quthe input queues A or B,‘or'when.a new

partition becomes free.

The following 31gorithm gives a detailed description of. the

job scheduler used in the sﬁmujated model.

4.3.1.1 Algorithm of the)Job Scheduler for Regular Jobs

Assume that the cﬂass(es) s Ay ees aIN are assigned

to partition I, where I ={1, 2, 3 ooy K, NI 1, 2 3, 4 and K
is the number of partitio?s in the main memory.

i
!



If the 1nput JOb queue ws not empty and
fthe nemory is not full act1vate the job
) scheduler | .

is
partition.
J4 free

1nput queue fbr
. class ay
Nampty J

?

J =

%

Activate the job scheduler
either when a new job comes
or when a partition becomes
free




Request .the channel to transfer
“the job input queue for class
arg from input drum to main memory

.

send the request to J/0 device management

"
Signal from channel that the transfer
'is over,

Take the first job from the
job input queue for class 2

7 main memory
requested by the job
> to the size of the part-
ition 1

NO YES

Assign to the job the
partition I

Take the next job from
the job input queu
for class a3 -
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'-“4 3. 2 Job Scheduler for Non- Standard Jobs ‘\‘

As was ' ment1oned earl1er non-standard JObS are schedu]ed
at the end of the day The t1mer transaction, whrch s1mu1ates the i
end of 5he day event arr1ves at. GENERATE b]ock 441, when the |
~ simulated per)od is. over. This transact1on takes the fo11OW1ng

steps. ‘ : .o . _*" |

'1) It closes the gates at the input stat1ons (LogIC S 22)
'so no further ‘jobs can enter into the system ,

2) It waits until-all the jobs that ahe'a]ready in the
system are_coﬁeleted |

3) It act1vates the job scheduler for non-standard jobs.
The characteristics of the non- standard JObS are stored by the input
. spooler in the job input queue WAITI.

The feles used by the input spooler for entering non-standard
Jobs into queue WAIT1 are the same as tﬁose used fpr regular jobe
(FCFS with priority). Before non-standard Jjobs are scheduled the
main memory is divided into two contiguous regions. A portion of
memory is permanently allocated to the operating system. All the
remainder of memory is atailab]e to the single job being processed
[MD 74]. |

Job scheduling is based on FCFS with a_prioirity scheme.
The job scheduler takes the first job from the input queue WAIT! and
allocates it to the portion of the memory available for the users.

When the job is completed, the next job is scheduled and the same



| P?ﬁcess.fs repéatédfuntfl aT1"the_noh-standard jobs‘ére,sgrved

: by:thefsystém.

4.4 Compjfer'Ménégehént and Coﬁpilergs _ S /_‘.:;
_4;4.1 'Comgileré" '

There are five c655i1érs*avéiiab1e in thefsimuiéfed §y$fen.'
Al of fhésé'have been chosen to be in reiocatable méchihe‘code and
stored on the input disk.‘- ”
- The usérrwi]1'request a compiiér f‘roﬁgh a contro1'cafd by
specifying'the code of the compiter (CﬁMP,=lcodé). These codes aré
17, 18, 19, 20, 21 for ;ompi]efs 1, 2, 3, 4, 5 respectively. Each
compiler js associated with a queue, where prétesses wait when thé
requested ‘compiler is busy. ‘The brocesses are storgd in these “
queues according to FCFS with a priority scheme.

Only two compilers are allowed in main memory at any one time.
Each of the compilers in main memory has two buffers labelled buffer
no. 1 and buffer no. 2. The compiler via the channel transfers a
block of source code from the input disk into buffer no. 1.' This
source code is then compiled and relocatable machine code is produced
which is then stored into buffer no. 2. ‘When buffer no. 2 is full, its
contents are transfered via the channel onto the input disk. This 6
process is repeated until the entire source program is compiled.

In the GPSS simulated model, the compilers are implemented

by segment block no. 293 to blockno. 323 (Appendix A).



4, 4 2 Comp11er Management

: The b351c funct19ns of . the comp1ler managerlare
1) to keep track of the status of the comp11ers wh1ch are
in main memory, | 7 |
| 2) “to dec1de on 'a policy that w111 determ1ne wh1ch of
the comp11ers w111 be in main memory, for how ]ong, and when, |
3) .to allocate a comp11er to a’ job for as long as the‘job
requires it, . | ' R |
4) tn determ1ne a dea]locat1on policy. NhEn the comni1afinn
of a job i%.over the compiler is re]eased.
For each one of the five compilers the compiler manager
maintajns the'followjng information.
i) Residence

Memory: a copy of the compiler is in the main memdry.

Disk : the compiler is on the disk. |

Load : the compiler is being loaded in the main memory.

i) Status |

Busy : the compiler is now compiling a program.

Free : the status of a compiier is free if a) the
compiTer is not in the main memory, b) the
compiler is being loaded {n the main memory and
c) the compiler is in the main memory but is
not compiling any program at this time.

The following is an example which illustrates how the compiler

manager functions. Let us assume that the situation is as stated



a0

Figure 4-8.

- | 22  i
. in Figure 4-8, o d
compiiérAno: : '_résidénce : stafus'  -
. © Memory Busy: i
2 Disk - - Free ;
3 Load ‘ Ffee_
4 Disk - ﬂFree‘
5 Disk

Free

Compilers residence, status information

';Compiler 1 s in the main me@ory‘and‘i; compiTing.a program,

tohpi]ers 2, 4 and 5 are on the. input disk and compiler 3 is being

, loaded into memory.; Also assume that the queue for compiler 1 is

empty and that procéés no. 9 has requested compiler 4. The residence

status (disk) for compiler 4 indicates that the compiler is not

in the memory. Since there is no location of memory free (only i

two compilers may be put into membry at the same time) to locad

the compiler. 4 the compiler manager enters process no. 9 into a °*

queue called SPES. In this queue processes are waiting, according

to FCFS within a priority scheme, if the co
requested cannot be loaded into mai

some time t the situation is as s

are no p}ocesses waiting for compiler 1.

tler which have been

Assume that after
ted in Figure 4-0 3hd that there



.‘ .(libmpﬂ"er -!'iO_-" - ‘r‘e-side'nc_e o Status " -'
1 Henoy o | Free :
2 pisk, . Free
3 Hemory" - Busy
a pisk . Free
5 pisk,  © Free

Figure 4-9, COmpiTers residence, status information (at time t).

The coﬁpiler manager checks the -queue SPES and finds that prgcéss nd{ 9
has requested_compiler 4‘and is waiting. Since.compfler 4 is ﬁot in
main memory and compilér 1 is firee, compiler 4 can be loaded into the
location of the main memory where the compiler 1 is located. The
compiler manager, before instructing the loader to load tﬁe compiler
4 into main memory, takes the following actions:

a) It.changes the residénce-status of the compiler 1 from
“Memory" to "Disk" since the copy of compiler 1, which is now 1in
the main memory, is going to be overwritten by compiler 4.

' b) It changes the residence sfétus of compiler 4 from "“Disk"

to “Load“._ The residence status "Load" is necessary'to be used when
a compiler i§ being loaded into main memory.

Consider the situation where compiler 4 is being loadedlinto
main memory and a new process request this compiler. If the residence
status of compiler 4 had been marked "Memory" during loading, compiler

manager would attempt to instruct the compi]eﬁ to compile the process.'
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But_the boﬁpile’r is not ‘even fully loaded yet!! If it had been =
jmarked “dlsk“ the compi]er'meneger would attempt eo lead;compi}er
4 aga1n. _ | | o _ | |
| Hhen a process requests a comp11er and the res1dence status a
of the compiler is "Load“ the comp11er manager enters.the process
~into the queue for the requested compiler. Hhen tﬁe eompi1er has beeﬁ
- lToaded the comp11er manager ass1gns to the comp11er the process which
15 at the front of the queue assoc1ated w1th th1s comp11er |
' c) It creates a process whose task is.to 1oad 1nto main

‘memqry compiler 4 and sends the process to .the 1oader -

d) It enters process no. 9 into the queue for comp11er 4.
Hhen compiler 4 has been loaded into the main memory, . ;ﬁe comp11er

manager assigns to it the process which 'is at the front of the queue

waiting for compiler 4 and changes it's status to in memory and busy.

4.4.2.1 Algorithm of the Compiler Manager ' _

" Assume that T(I,1) is the reside;ce status and T(I,2) the
status of the EOmpiler I, where T(I,1) = Memory, Disk, load,T(I,2) =
Free, Busy, where I =1, 2, 3, 4, 5. Also assume that Q(Ii is the

queue for compiler I and Q{SPES) is the queue "SPES" discussed earlier.

-
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A process j requests
the compiler I

compilers in
the main mem-

memory)

T(1,1) = Load

l

Enter the process
Jj into the queue

Q(1)

Instruct the
loader to load
the compiler I

O

lers K

(compi
e in main

"and M ar

_Enter the process j
into the queue Q(I)

T(I,2) = Busy

l /

YES

{
Assign the process to the
Compiler I

1oader >

-

o




.-Sigﬁai from ‘1oader that the compiler I

is in main memory

J

T(I,1) = Memory

Aséign to the compiler I the
process which is at the front
of the queue Q(I)

T(K,2) = Busy YES

T{K,1) = Disk NO

YES

a4

T(M,1) = Disk

Enter the process
J into the queue
Q(SPES)




‘'Signal from compiler L that
the compilation ofra job is over.

- T(L,Zj = Free

NO.

{ T(L,2) = Busy

l

Assign to the
compiler L the
process which is at
the front of the
queue Q(L) 5

T

the quéue

_YES
Q(L) empty

L J

Creues

Take the process which is at the front
of the queue Q(SPES), see which
compiler it has requested, transfer

the processes (if any), that have
requested the same compiler from Q(SPES)
to Q(I) and go to 1.

a5
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4.5 Relocatable Loader

Thérg is’ one re]ocatab]é Toader in the_simulated s}stem.:
- This 1is used to 1oad-into main memory‘compi1ers and thg objecf code .
for the u&er}pfograms. | |
The‘ioader can 1oadron1y one program at the ti@é. If a
pfocess reqﬁestsdéhg'loader while some other program is being loaded,
the operating system will enter tﬂe prdcess into a waiting queue "LOADQ".
Here pro;esses wait when the ioader‘is busy. Processes are entered
’inté the queue according to FCFS gjthin a ‘priority scheme.
As discussed earlier, the gompilers and object user programs
are in relocatable machine code stored bn the input disk. Thus,
the loader trapsfers, via channel, a block of relocatable machine
code from the input disk into main memory: produces the equivalent
absolute machine code and loads it into a PP partition of the main
memory. This process is repeated until the complete code of the
program is loaded into main memory. @

The relocatable loader has been simulated by the segment

block no. 327 to block no. 339, Appendix A.

4.6 Internal Priority

Hhen a PP partition is assigned to the job by thanob scheduler,
the operating system assigns to the job a priority cal?&dﬁthe "internal
priority". The internal pr1or1ty of a job depends on the{part1tion
which has been assigned to the job. In turn, the ;ssigned"partition |

depends on the class to which the job belongs. Jobs that have been
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- asslgne.d to part1tzons 1 2 3, 4, 5 6, 7 have internal’ pr’°rlt1es ‘:“7?'f‘

' of 37 (highest) 36 35 34 33 32 X1 (1owest) respect1ve1y. A

user may 1nd1rect1y 5nf1uence the actua] 1nterna1 pr10r1ty Th1s IS

because his pr1mary constralnt is that he must assrgn a JOb class to o

‘the JOb that has teen ass1gned to a partition large enough to run -
the job. In. the event that on]y qne part1tion has been assigned
this class, his job must execute in that parttt1on and the job'
1nterna1 pr\orlty is then comp]etely determinea by the partition
number._ If, hewever, the job is ass1gned a class that can be serviced
“by more than one part1tion. then the Job w111 encounter a d\fferenb
scheduling priority,. depend&sg on the partition in which it runs.

In order to- achieve faster serv1ce to user pqograms. the soft-
ware modules of the operating system (input spooler.houtput Spoo1er.
. 1/0 device manager, JOb schedu]er. cry scheduler ect: ) are assigned

& higher ‘internal pr1ority (60) than the user programs. If, for

nexémple, the input spoo]er has an 1nterna1 priority lower than the_

user prognams.'it will funétion very slowly. This results in a sma]]

number of jobs being placed into the system which in turn results

in a poor utilization of the system resources. , Figure 4-10 schematic-

ally represents the internal priority levels.

1

_ | {  System. o -
T * o . programs | , ‘ ,
‘h"gh C l,;.[d_ob in Partition no. 1
low '

a7

l'_ - {\\__.lddb’in Partition no. 7

Figure 4-10. Internal priority levels
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A ? CPU Schedu]er :
o The. CPU scheduler

L]

is a software modu]e in the operating

It S purpose is- t schedule the CPU among the active ;{f

”-_prbcésses that are residenh 1n the operating system partition and -

probTem—program*paﬁtitions, and performs the fol10w1ng funct1ons

1) Keep track of

the state of processes

2) Decide which pnocess 1s to get the CPU, when, and for -

- how lang. _
" 3) ~Allocate the CPU to'processes
'4) Deallocate the|.Cf

The CPU'Scheduler

[MAD 74].

priority among those waiting-for the CPU.

T
~

4

C&U from a process

in the simu]ated system uses a Highest—

‘ Static-priority-First-Serv d (HSFS) techn1que with pre-emption
The CPU 15 assi;ned to a_process with the‘highest_internal

If a new process'Prrives

with a-hiiher internal priority than the one currently using the CPU,

a pre-emption occurs.
. +To demonstrate how

operating system, move frol

the user jobs and processes, created by the

gne state to another in the operating

system, the process'state fagram in Figure 4-11 is used.

Hold state:

Here the user's job has been converted into an

~ internal machine readable form, but no memory’ has been assigned to the

job (the job has been SPOOLED onto disk).

Ready state:

S job queue on the input dr

system.

-

At some time, the job scheduler scans the input

and picks.a job to be admitted into the

A partition of .the main memory and an internal priority is

s L



i

“Complete

Figure 4-11. Process state diagram
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assigned co the-job Hheh\the job has been compi]ed and loadEd 1nto '

~ main memory it becomes a process which is ready to run.

'Runn1ng state: Hhen the'CPU becomes free, the CPU scheduler‘

‘scans the list of ready processes chooses the process w1th the highest "
3_ 1nterna1 priormty and ass1gns the CPU to this process. Suppose for
examp]e,.thatethe 'CPU has been assigned to process A. The process
wim hold the CPU until one of the following events occur:

1) The process requests an i/O operation. In this case
pr6cess“A will create a process Al'whosettask is to'satisfy the 1/0
request of the father process A. The CPU scheduler moves process
A to the hait state; theh,moveslprocess A]'to the Ready stece'and_dssﬁgns
the-CPU to another process. When process,hi satisfies the father's
request, 1t will be destroyed. Process A is then moved to the Ready-
state. - |

2) The process e;perﬁence ah\error condition. If the error
cannot be recovered by the system the process is moved to the

Complete state.

3) A process B with higher priority‘thah process—A requests.
the CPU. In‘thjs case a pre-emption occurs i.e., the CPU scheduler
deallocates the CPU from process‘A. moves process A to Ready state
and gssigns the CPﬁ to process B.

4) The process has completed its computation. The CPU

scheduler moves the process to the Complete state.
~ Because of the HSFS scheduling ru]e!‘QPU scheduling can result

in “poor" or "good" use of the system's CPU and 1/0 resources. Poor
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'scheduling resu]ts when a CPU—bound job has been scheduied into the -
highest priority partition 1 CPU- bound JObS rare]y go into the
: -‘wait state and I/o bound jobs in lower priority partitions will have . f
'.fiittle opportunity to execute Nith a similar job mix, "good“ |
scheduling can be achieved if. 1/0- bound jobs are scheduied in higher--
priority partitions They will frequentiy go into the wait state
(whi]e processing I/O) and aliow time for lower- priority CPU bound
jobs to execute*\ More system activity. and thus a higher thruput,
will result¢$han with the previous;"poor“ job-scheduiing arrangement.

The “pre-emption“ characteriStic of the HSFS with-oreenptionl
technique used by the CPU~ schedu]er has been imp]emented “in the GPSS
program by associating the CPU with a PREEMPT biock ' _

Through HSFS with preemption technique, we have accomp]ished,
two major objectives < '

1) good CPU scheduling, resu]ting in improved system thruput

and high utilization of the CPU, .
2} good use of the main memory resource with 1itt1e main

memory fragmentation.

4.8 I/O'Device Management

This section focuses on the management ofiI/O devices. These
include the 1/0 devices such as the input drum, input‘disk._output
disk. and the supporting device control channel. 3The block diagram

of the GPSS model of the I/0 device manager is presented with a
detailed discussion.
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- ~The bas1c functxons of I/O device Management are:
L) To keep track of the status of all dev1ces (1nput drum. 7g-
poinput d1sk, output disk, and channel) “

' 2) To decide on the po]1cy to determ1ne which process gets -
a device. when and for how long. | '

3) To assign a device to a proéess A device fs assigned

 for as long as the process needs the device\ -
. 4) To dea]Iocate a device

AI] I/0 operations in the simu]ated operating system are
d{yided into two ca.t:egories,¥ To the first category belong those that
involve a direct access storage device (input disk, input drum and
output disk); .The,corresponding 1/0 operations are to transfer
information, via channel from main memory to a direct access storage
device (DASD) or from a DASD to main memory. The second category
consists‘of I/0 operations .that -do not involve any DASD. Those (,
operations are to transfer information from the buffer of a carfd
reader to main memory or from main memory to the buffer of a line
printer.

Each of the I/0 devices is associated with a queue where a
process 1s placed when the device, which has been requested by the
process, is busy. Theﬁqueue ordering is based on FCFS wich a priority

scheme. Figure 4-12 shows how the I/0 device management is modelled.
‘ When a process needs an I/0 operation, it creates an [/0
process, say B, and sends it to the 1/0_device manager, this process

carries a message from the father process for the I/0 device manager.



-'-‘This message conta1ns such 1nformation as, the location of the stored
fdata where the data 1s to be transfered the size of the data b]ock
and the address to which the son process shou]d be returned Process -

.B is represented 1n GPSS by A transactton whose message 15 stored in

the transaction fullword parameters The transaction (process B)

enters the 1/0 dev1ce management model (F1gure 4-12) at b]ock 1 where

jtﬂsinternalrprlority js;stored in the ful]word parameter 2.5. This 15;

- necessary since'the ortg?na] form of the transaction is going to be

changed.as 1t moves through the various b]ocks of the I/O device

management model.  The 1/0 device manager needs the CPU 1n order to -

examine the message carried by the transaction (process B). Thus,
it.creates a process say A which NiT] be sent to the CPU scheduler

The transaction now changes‘form and becomes a_second process, A.

Block no. 2 assigns to the transaction (process A) the internal
prioritr 60, because'the 1/0 device manager is one of the'operating
system programs. Block no.‘3 assigns to the ful]qprd parameter 17,

the return address form the CPU scheduler, while block no. 4 assigns to

the fullword parameter 18, the time for which process A needs the CPU.

. TRANSFER block no. § sends.this transaction {process A) to the CPU

scheduler. When the message is examined, the transaction (process A)
returns: to location AAA2, where process A is destroyed. At this’ time

the transaction takes its original form (process B). 'BIock no. 6

'restores the internal priority of the transaction (process B} and if the

.1/0 operation requested by the process B belongs to category two -the

transaction (process B) is sent by the TEST black no. 7 to the location

/

e



caRD. . . |
B Let us assume that the I/O operat1on requested belongs to
category 1 1 B, that the I/O operat1on 1nvo]ves a D1rect Access
~ Storage Device "(DASD). Since a.DASD (d1sk or drum) can handle -
_qd]y'qﬁe.deta'transfer at'a time; 1t 15 represented by a facility
(block 9). S
|  'If the DASD requested by -the brecess_Bfis bdsy'the I/Ot

- devfce Hanager p1aces process B idto‘a queue.represehted:by ;he,'
:H'QUEUE bicck no' 8. Hhed the DASD'becomeS'free'the'transection
..(process B) wil1 “Se1ze" it by entering 1nto the SEIZE bIodk no. 9.
cNext. ‘the transaction (process B)" enters the DEPART block no 10 ST
which simulates the_event "process B is leaving rherqueue . ,At

this goint the channel is required to transfer the inforﬁation ‘requested
by process B. The channel is represented by a facility .{block no. 12)
since it can handle only one data transfer at a timef If the channel
s busy at this time, the transaction (process B} has to wait in the
queue CHANQ (block no. 11). When the channel becomes free tﬁe
transaction will “seize" the channel ﬁb]ock'no. 12) and it will leave
the queue pHANQ'(b1ock-13). So far the I/0 device manager has assigned
to process B the requested DASD and the channel. The CPU is required

to 1ssde a command to the DASD. The command is to start the input-
output operation by signaling to the DASD the treck it is to locate,
Thus, the I/0 dévice manager creates another process C which is to be'
sent to the CPU scheduler. The transaction cbanges its original form

to become process C. -Block no. 14 assigns to. transaction {process C)



s

the internalnpriorityfﬁo.‘ TRANSFER b]ock'nor'lﬁ'seuds the transoctionp

|t the CPU scheduler. -

Hhen the start conmmnd is 1ssued by the CPU the transact1on c
(process C) returns to locat1on AAA3 where, process C is. destroyed

f Hh11e the DASD is search1ng to find the proper track the channel

s re1eased (block ‘no. 17) for other tasks. If process B has requested

a disk (move head-disk), block no. 19 provides a de]ay while the

reading head moves to the proper track If process B has requested

a drum (fixed head-drun) then this delay time 15 zero. A further

delay is prov1ded by block no. 20 while the beginning of the track |

record comes under .the read1ng head. Nhen this ]ast delay is finished,

the channei must be evailab1e for transmission of oata. A test at

the -conditional TRANSFER block no. 21 checks the-availebifity of

the channel. If the channel is busy, it sends the transaction fprocess

B) to ADVANCE blogk no. 22 to return for another try after one full

revolution time. .When the channel is available at the appropriate

time, the CPU has to be interrupted ior a time.equaI to the data

transmission time. Thus, the I/0 device management creates a new

process D which is to be sent to the CPU scheduler. The PRIORITY

block no. 25 assigns to transaction {process D) the highest internal

priority 80 in the s;nulated-system. This highest i{nternal priority

1 required in order to interrupt the CPU. This tnterruption is

represented by a PREEMPT block in priority mode. Block no. 26

assigns to the fullword parameter 17, the return address from the CPU

scheduter, while block 27 assigns to the fulluord parameter 18, the data
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'. transmission time. Tﬁe‘data'transmiSSioh'tihe depénds ﬁppn the data .
size and the chahne1 spéed TRANSFER block no. 28 sends the

| transact1on (process D) to the CPU- schedu]er When the operat1on has'

- --been comp]eted transaction (process D) ‘is returned to I/0 dev1ce

_ manager where_procgs; D is destroyed.‘ The transaction here takes
{ts original'fbrm (prbéess B). The I/0 devicg manager dea]]ocates
the DASD (b1ock no. 29) and the channel (block no. 30), restores

the internal pr10r1ty of process B (b]ock no. 31) and. returns process

B (block no. 32) to the poznt from where it wakxoriginated
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8. 9‘ Output Spoo]er '

Iine printer. Each buffer is oupab1o of ho1dtng o,blook'of 10 output ;:
‘linos. . & ' B

"‘ i . . o ' - ‘. < : . - %

—

‘The output spoolor or system uriter 15 the softwore modu]e of

| -’the simu]ated operating systom whose primorx objoctive is ta. 1mprove
-; :the system s, thruput. This is accomplished by over]apping Job

-'processing. and system output. System output here refers to print

output, 1nc1ud1ng system messogos -and’ user Job output printed by the S

- .;high-spood printor.

fho bas1c function of tha output spoolar is to prtnt the system

".output storod on one of the direot-occoss storago dovices (output |

-1'-fdisk) The fo]\owing discussion oxploins how -this is acoomp?tshed ”"

" Nhen the. oxecution of a Job hos bean comp]oted tho,output :

T,~Spooler 1nsorts the Job 1nto the systom s output Job, queve. Thts ;
fnquoue is_ s divided: 1nto subqueues, éno for oochaline printor. Jobs N e
" having only a smoIl nimber of output, linos %o be printed will get |
“tho,1ino prjnton oar[tgr thanljobs havinga large number of output|-_-

linoo. ‘if'tho Ttne-printor requasted by tho‘input stotion from uhich‘

the Job entered the systom 13 busy and the queue assooiotod with tho
1ine printor hos more thon six ontrtos. the job 1s antered “into a

Queue sotosido for tho nuxt11ory line prtntor. providod that tho

aUxtliony quaue doos not have more than four ontrtes.

The output opoo1or‘has one buffer in moin memory for each.

" : N

Nhon 2 11no prtntor has baon ossignod to, 2 job. tho output

AN
o



'\',

o spooler transfers. vte the chennel A btock of 10 output 11nes.from

" methods end compere the 1

the output disk to the: buff r 1h main memory corresponding to the :
line printer. Eech output 1ne 1s then trahsfewed.jvia the. chenne1
from the buffer of - the spoo er to the buffer of ‘the 11ne prfnter from
uhere 1t is printed Nh11e the Iine printer s prfntfng the tenth .
11ne. the output spoo1er tr sfers. via the chennel the next b1ock into
buffer area -in main- memory. Agefn_the_prooese is repeeted,uht11

the Job hes comp1eted printing. R

1In executfng the ebove steps we require N transfers to .."

‘ _ print a blook of 10 1ines. The f1rst s to trensfer LE blook of 10 b'
- ;output.lines from the.output disk to the buffer of the output spooler.r _

q""whfﬁetthe'rest ara to trangfer the 10 1{nes’one et a®ine from the

buffer of ‘the output spoo]

i to the buffer of the 11ne printer.

'fﬁ | An olternotfve to he above method is to trensfer one output
11ne ot a time from the o tput d1sk to the buffar, of the Tine printer.
Though thfs would requfre only 10 trehsfers tn order to print 10 1jnes,

' the first elternet1ve is aster. The proof to this ergument is shown

by the follou1ng typtoel xamp\e. In this exemple we will colou\ete
the time required 10 pr1 ta Job consfstfng of 0 \1nes. using both

Let us essume t t.

Tl (3 ms) . . repradents the time required by the CPU-to {ssue-
SN a © s oasstart 1nput-output commend to the channel,
| T2 (25 ms) | . represents the average time taken by the arm of

- the 1sk to move -into the required track,

. L
(=

- .



) T@ (IO ms) o 'represents the everege time. teken for the\beginning .

: -jof the track record to come under the reeding head..
T4 (4 hs) '1__3-“ represents the time teken by the channel to transfer
;‘.7 ;' " a brock of \0 11nes. o
15 (3 ms). L represents the t1me teken by the chunnel to trensfer

- o one 11ne.; B RN - ' |

16 -1T14T2¥T3+T4 (42 ms) represents the t1me required to trensfer a
_él - ' B block of 10 1ines from the 1nput disk to the buffer

| of the output spooler. | "‘

- T7.® T14T5 (6 ms) represents the time required to transfer a line from

- | ‘the buffer of. ‘the output spooler to the buffer of the

| -11ne pr1nter. o

‘uT8 T1+T2+T3+T5 (av ms) represents the time requtred to transfer .

o o 11ne from the output disk to’ the buffer of the |

L printer. ; | |
and T9 (60 ms) represents the time taken by the line printer to
© - print aifne.

Using‘the first method to print a Job consistine-of 30 11nes we need:
TE+30(T7+T9) or 2022 ms. With the second mathod, we would rEquire
30(T8+T9) or 3030 ms. From these simple oe1culations it is ohvtous
that the ffrst method is prefereb\e since we save 1008 ms.

7 In the previous discussion we did not take {nto oonsideretion
the total weittng time for the queues of the output disk. chennel end
CPUa  If we teke the waiting queues {nto consideration it can be
shown that the ffrst method 1s better than t(e second.

“

N
N



L From the GPSS segment of the 1/0 device management in
'e'Figure 4-12 we can see that a process with the task to transfer n
‘rinfonmation. via channe1 from the output disk to the main memory or’
'-_to a line printer. has to pass through the foiiowing queues. |
| La)h.the queue for the output disk. '
_‘b)_ the queue for the channei.- |
'c). the queue for the CPU. and
d) then again. the queue for the channei. _
‘=.Thus the process experiences a totai of four naiting queues. -
| A process with the task’ to transfar information. via channe].:
from main memory to the 1ine printer. has to pass through the queue
~for the channel. Thus. using the first method to print a biock of -
10 iines can require 2 total of 14 waiting queues. uhiie the second :
method can require A totai of 40 waiting queues. In generai. it
* can be assumedﬂthat the first method wili haye iess total waiting
' time than the second method. -

To support our argument we simuiated the SCOS for a period

:-' of 16 minutes using both methods.; By using the second method. the

avarage time required to print a Job increased from 13845 ms to
21177 ms, In addition. the utilization of the 1ine printer was
increased from 64 percent to 89 percent. The auerage waiting time of
the Jobs .in the putput queua ‘was {ncreased from 15600 ms %o 83363 ms
and the auxiliary line printer was required to assist in the printing
pracess of ‘the system. The use of the second'method_also affected

the'average'turn-around time by increasing 1t from 0.017 hours to
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0 025 hours.-. _ o SRR .
o This conc\udes the d1scussion on software modu‘les of the - |

| 1mu1ated operating system./ In the next section we present results

and conﬂusions. S L '_ E
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5. RESULTS AND coucwsrons

In this section we wili present ‘the mejor characteristics

"grof the Student Created gpereting _ystem (SC0S), the stetisticei
'-';resuits obtained from the simuiated mode] indicating utilization of
_verious devices end ending with a brief discussion on the edventeges

- cnd disedvantages of this epprocch

The foilowing discussion is besed upon the statistics obteined

by simuieting SCOS for a period of seven hours. The model operstes

*'with a basic time unit of 1 ms. A60 second simulation of ‘the SCOS

modei requires epproximetely 13 seconds of CPU time on CDC/6400

: mcchine. The GPSS entities required to simuiete the SCOS are given

S

in. Figure 5-1.‘ | .
~ The simu]eted system hes two card readers and one line printer.

Jobs errive et card reeders one and two in two exponentiai stresms .

with everege intersrrivci times'of 15 seconds and 2 minutes respectively.

Figure 5-2- shows  the cherccteristics of the user Jobs that arrive at -

card readers one and two. These characteristics are given to the

Jobs that arrive to the card readers one and two by the functions R —

-no, 1 and no. 2 (Appendix A) respectiveiy. .

The matn memory available to the users is 180K bytes and is
divided into seven PP psrtitions. Figure 5-3 shows the Job ciasses ‘
that each PP partition muy serve and the sizes of the partitions. -As-

" discussed earlier this is represented in-the GPSS model by the mateix

'p‘
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';, 5 1 Eguipment Statistics . IR

. ,Ihe GPSS simulator has gathered statist1cs for CPU, card
‘I'readers. Tine pr1nter. channe]. input disk, output disk, and- 1nput
| drum.' Figure 5-4 shows the stutistics gathered by the GPSS “Fac111t1es“ |

o f ‘wh1ch represent the various equipment 1n the simu]ated model of SC0S,

‘whi]e Figure §-5 shows th& statistics gathered by the GPSS "Queues“
T which. re7resent the uaiting 11nes formed in front of the equtpment

- For the reader who is not fam111or with GPSS tergdnology used in |
the tab1es shoun 1n Figure 5 .4 nnd 5-5. we give x| brief definition‘
_:'Additional 1nformetion can be found. in [GOR 75]. [SCH 74]. Using
- the termino\ogy given 1n [SCH 74], for the toble 1n Figure 54 we'

” define the_average uti]ization_as,the fractioneof_time that the
correspondjng.dev1Ces (Fnctlittes)-were'in use during the simulation.

He define the numier entries as the number!of cnptures dur{ng the

simulntion and the average time/tran as the average ho]ding time
per capture. B |

For the table 1in Figure S 5. we define the maximum contents

as’ the 1argest number of 1tems which were simultnneous]y uaiting A
- during simulation. total entries as the total number of items which
_~entered the Qoeue. zero entries as the number of 1tems which were |

~ not deluyed. the average time/tran as the uvernge time that each 1tem

| uaited”in the Queue (zero entries are 1nc1uded in this average), and

“the §average time/tran as the average time that ench delayed 1tem
‘waited ih the Queue (zero entries are excluded from this average)
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j R AVERAGE | NUMBER " AVERAGE
DEVICE "UTILIZATION - . . TIME/TRAN
77 Vonports perundrea) | ENTRIES (in milliseconds)
n_uc | 99 1410720 8161
Card_reader | 8l sl 8578.977
n.&.."_._an%q 2 T o7 19543.979
Line printer 75 907 ‘_m.ou__.qu_.
Channel 19 382008 5. 485
.___%_._.*_n__u.._.ﬂ _ ! 20 42002 52,67
B _.oﬁu_.s disk L " 19494 51.290
“Input n_..,::‘.. ’ N . - ‘mmmu, _mnmh

Statisties of the devices

thre 5-4,
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" |aueve For
- ) THE DEVICE

. A

TOTAL
ENTRIES

ZERO
ENTRIES

AVERAGE
TIME/TRAN
milliseconds)

$ AVERAGE
TIME/TRAN

(in milliseconds)

| Line printer

‘Card reader |

Card reader 2

4

| cnanner
0 | mput disk
. R ) . ! SN

Output disk

Input drum

1410721
8Il
97
907
42992,
. . ~
19494

5253,

314296 ]

1306700

318
72
424

310431

37892 .

18697

5202

1.57

- 7001.97

3536.68"

0.05

4,39

0.11

21.32
11518.45
14142.71

22688, 65

.

- Figure 8-5. .' Statistics of the waiting queues for the devices
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From the equ1pment stat1stics we can conc]ude the fo]]ow1ng
1) The simulated CPU was performing useful work, that 1s,
1dling less than 1% of\ the simulated run time. From this a

| 1nformatton the opera::hg system, and particular]y, the CPY
scheduler has suéceeded in sohedu]ing efficiently the CPU among the
system and user programs. This’ high uti]ization of the CPU also’

1nd1cates that the system was overloaded dyrdng‘the simulation

2) The number of I/0 devices and ‘channel are sufficient for :
- the simulated system to operate efficient]y. sinoe the majority of |
the processes that had requested these devices did ot have to wait
in order to get the requested device For examp]e, from the statistios
for the qu of the input disk (Fiéure 5= 5) we can see that 88 per-.
cent of the ‘prpcesses (the ratio of zero entries to total entries)
« that had-reQUested the "input disk did not have to wait iw order to
capture the disk. Als0, the maximun contents of the queue for

-

the input disk was only thiee processes.

5.2 Main Memory Statistics and frogmentotion

The statistics gathered by the GPSS simulator show that
uti11:at1on of the main memory was 91 percent, while 1ts average
contents were 6 4 jobs. Figure 5-6 shows the fregmentotion of main
memory ca]culoted by the GPSS program whenever all of the seven PP

part1t1ons'nere occupied by user jobs. Figure 5-7 shows the'mean

- and standard deviation of the GPSS weighted tables used Lo tabulate /

~the fragmentation of each PP partition Neighted by the time that a /



N LT
A o

job occupied a partition. Figure's 8 shows the mean'and standard
. deviation of the GPSS. non-weighted tabies used to tabulate. -the fragmen-
tation of each pp partition. o
| From the above statistics we ean canclude that the main memory
- was well utilized with reiativeiy small fragmentation._
o The mean arguments and standard deviations shown in Figure 5-7
are very simi]ar to those shown in Figure 5-8, with the only exception
being that of partition six. Thisis’dpe,to/thej:act that most of .

) iﬁthE‘ﬁserﬁgoos that‘require a large amount of execution time (i.e.,

‘jobs that belong to classes G and F).;ggre §phedu1ed in partition six.
Thus, these jobs held partition six longer ‘than jobs scheduled in
other partitions. and:sincerthe fragmentation in Figure-5-7 is
weighted by the time that a job occupies arpartition. the mean and
standard_deviation for partition six in Figure 5-7 is greater than %
the'corresponding mean and standard deviation. shown in Figure 5-8,
. The problem of fragmentation cannot be compietely solved with
a static partition specification scheme. No matter how the main
memory is partitioned. it stiii will be fragmented This problem |
'can be partially solved by other schemes, such as dynamic partition
| speoifioation. relocatable partitioned memory, paging eto.. [MAD 4],
[SHA 74] (TSI 24].
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JARRE 5. 3 Job Stagistjc

- .@tig;i _'m"

In the simu\atton period of saven hours. 907 usar Jobs wera

procesaed by the SCOS. The number of Jobs 1n gach. Job c\ass 1s givon 't ':P

*“1"‘F19ure §=9, while thura 5 10 shows tha avarage contents of
_ tha Job 1nput queues- for vartous c1asses..'- ] o
't']'; L For each of the user jobs in the system tha GPSS. progrnm ._ o
“-gathers statistics. h'as Job c\ass. externnl and 1nterna1 priority.H 3
':.tha code. of the com;;:ir that a Job has requestad. main mamory and - o
 : " GPU time usad by a dab. job turn-around tima,atc.‘ Figures 5-11 |
‘\,_throuqh 5-15 show ‘the stattstics for. the flrst f1ve Jobs procassud
’f: . by the. systom. As was oxpected. Jobs wtth higher tnterna\ pr10r1ty
o ﬁ‘got buttar :ervice b& the oparuting systam than Jobs. w1th 1ower :
__uljiinternal priority The Job turn-around ttma 1s defined us. TJ out L
_ J 1n' whi\a tha avurnge dob turn-aroupd t1me s definet qé‘.:.tk'"';tt'“
x (Tj'out :;Ii'in).i ;;dhere;] }iit‘ | t.\= §. _t_,‘( ._..t .:- |
:'f'TJ 1n 1: tha time at whtch the dob J arrives ut thn card rundar. _?i[5 ’

"'f:'TJ out s the time at which thq ltno printer hat comp\ated printing f.t.
E o Job., 3 ‘.' o SR “‘ ' o
__Ne RRRE T the total numbar‘of Jcbl procetl&d td complntton durtng
- . .
BT | period of time. 3_' - ' f
t-Thn nwerage Joh turn-uround t1mn 1n a pari of four hours

"l : o of aimulatton computtd by the ePss progrum. waa 0 05 hourl. In thts C
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Q f per1od the simuleted system processed 507 user Jobs khere the job £
~ mix for the system consistqd of Smell Jobs (1.0, Jobs thet belong
'fto o]esses A. B end C) The everege Job. turn-eround time 1n 3 period
of seven hours of, simuletion wes 1.1 hours. This 1ncreese 1n Job

o turn-eround time 1s due to the fect thet efter four hours of s1mulation. .

: ;‘-the system processed Jobs heving Ierge turn-around times (1.e..-

Jobs thet belonged to olesses D. E, F and. G) The lerge turn- B - ,
| erouhd time for these Jobs/js ceused by the following feets' "_ ;I'--;.s
e) Jobs ‘that betong: to olesses D, E, Fand & use more. CPU
‘time with lengthie output.A Thus.,they remein 1n mein memory dnd
fifiin the output job queve: longer then the other jobs. o SR
| b) Jobs thet belong to classes D. E, F end G are. schedu\ed |
-“1n PP pertitions with Iow priorities. whioh 1n turn resuIts 1n 1ow
B 1nterne1 priorities. In generel. the CPU wes busy over. the. four o
'_hour period processing Jobs with high 1nternel priorities thet were :
continuously oeming into the system. Thus. Jobs with a- 1ow 1nterne1 Do
priority hed a poor ohence 1n using the. CPU, end therefore ingreesing -f? h
'-their turn-eround time._ After four hours of. simueltiqn the system o
'1d1d not eooept eny edditioneI Jebs submitted to the tnput stetions.

"At this point. Jobs e]reedy in the system Were executed..
. o O .f. . - . S -. -
,"54 Swmary < Tl
‘ ~ The prﬁmeny goel of this proJeLt was to s1mu1ete _the behevior N
7of a student-oreeted opereting system (SCOS) us1n9 GPSS. The GPSS o :

e model for\the $60S beheves quite efftoiently. On the meohine end

s

C e



7operct1ng system can easi\y bc 1dcntif1cd “ln addition SCOS ccn}

'

0@

.N‘ H " - . v (‘ i

- the environment that we hcvc chcsqn. cs rcf]ccted 1n thc stctistica&

*resu\ts. Even though the SCOS is not a reaI system. 1t hcs the

i';major characteristics of a sma\] computer which can support mu\ti-

"',) progrnmming. The” SCOS has de\iberate\y been designed in a modulcr |

cnd structurad mcnner.r As a result. the softwcrc modules -oft the

'easily be mcdified. More dcvices. such as card readers. line printcrs. '

| ‘fdisks. druns. tapes cnd—channsls can be added {nte the systcm. In

jAppendix B wc 1ist the GPSS stctements thct have tc be added in ordcr

- ~to supply the GPSS mcdc\ with one additioncl input station. The

‘}siz& of thc main memory cnd the" pcrtition spccificction can be
changed. by . mcdifying only three to four stctements of thc GPSS

" program:

1 One obstnclc “in using GPSS to simuﬂcte cperctﬁng systsms 1s

'_ in. lecrning the GPSS lcnguagc‘ Since studcnts usuclf}ﬁncra_ciiiﬁ‘““*‘ N
7‘jscverc1 programming courscs bcforc studying cpcrating.&ystams. lecrning

" the fundamentals of cnothcr lcngungc such as GPSS wouﬂd not be

\difficult. ST - L
\Opcrct1ng systcms cnn be simulctcd to cny degrqe of detcil! :f; o
:(desircd. Entirc systems, as thc onc thct wc hcve 1mp1cmcntcd.
‘portidns cf systems, or varicus 1mplcmcntaticn str&tcgies can bc L
s1mu1ctcd. ‘This flcxibi\ity mckcs it possible: to study and analyzc '
conccpts such as multiprcgrcmming schcduﬂing mcthcds,,pcgc fctch f s

ischemas. page rep\cccmcnt tcchntques. ctc‘ Furthcrmorc.sGESS can

=
f

.bghnscd in ccndunction with most text books in opcrcting systems.; - '



i nchfavcd with a Smaller stmu]ction tine of 5 mtnutcs.

% |

1?Prcb1ems couId be taksn directly trom thc textbook and scIuticns .
-'presentsd i? GPSS. This appronch hcs thc advnntagq of c\lowing the
‘-‘f‘studcnts tc 1nvestfgcte concepts as they nre encountarcd rnthar than

'-"wciting until somc lntcr ttme 0. integrste them 1n c scmester prcdcct.

L Nhen the semester prodect 1s\csstgnad. the amount of time required

. to,supcrvise the students would be considercb1y less thcn most- non=,

. GPSS npprcaches since the students wou!d not be trying to cope with
-the idiosyncrasies of a particu\cn progrcmmtng Inngungc or hnrdwnre
.‘sy_stem._,f_\ o 9’; | T ) |

.‘..u

“Ustng GPSS can be cconcmicnl. Simt\ar stutistic&\ rnsults

- o those obtctned with tha stmuﬂnticn time .of seven hours. can. bc

stmulnticn using GPSS cnn be -an effactivc lccrning ntd bcccusc

- 1t nnnblcs thc student to grnsp an ovsnnll view of opercting systam.
The flcxibility nnd cnsn of use of GPSS mnkes it possiblc to 1mp1nment
m&ny conccpts that mtght bs 1mpcss1b1c othcrwisc. o '_ ’\;

V.
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\ U aeeEwDIX B

GPSS'Staiemeht§frequired.for.oné additional input, Station..

Statement -
CAR; FUNCTION A8

Xy “ﬂ"z“afn-/’-‘n'%_ o
K FUNCTION A8

| x]_‘,v'l(le..v?/..;./xm,'vmﬁl

+

" Add the following seghént between

 GENERATE A.B...58PF,4PH  ,

T

GATE LR 22

. . — ~
: . G .

Description

‘This Fuhction providés the number

of input cards of a job that arrives

~ at an input station and may be any
- distribution function, ) takes the
. values 1, 2, 3, 4 and 5 for the input

stations 1, 2, 3, 4.and 5 respectively.

:This Fﬁﬁctidnipfovidés thé'Job- s
.class to which a job, that arrives

at an input station, belong. "X |
takes the values 1, 2, 33, 34 an§§~‘
35 for the input stations 1, 2, 3, -

-4 and 5 respectively. Function K
.- may.be any distribution function,

beCES‘B-énd 9 (Appendix'h).

This statement can be thought of

'as A door through which users enter

the room where a card reader is
located (a input station). The
sgecificat'lon of the interarrival-
time distribution of the users, is
expressed through the A and B oper- -
ands of* the GENERATE Block. ,

This statement can be thought of as
a ldck which locks. the door of the . -
room in which a card reader is located.

‘The timer transaction, which arrives

at GENERATE block no. 441 (Appendix
ﬁ).t“urns the logic switch 22 to
set*, o

165



. ASSIGN j:];FN$CARJ,PF ".-_  Assigns  to the fullword parameter
o B one, the number of 1nput card of a

_ s . jOb‘ i .

'ASSIGNﬁ' Z.H.PF'1i?' _ 'f“' ‘f-Ass1gns to the fullword parameter |

"2, the identification number of a

card reader. M takes the vatues .
- 3, 4, 5, 6 and 7 for the card readers

S "__*_'r .f L 1, 2; 35 4 and 5 respective1y.
CASSIGN  3,I,.PF . Mhere @ represents the preV10usly
Y defined function K.
ASSIGN SLLPF - - . Assigns to the fullword parameter
S B |

- 31 the code of a line printer. L
takes the values 10, 11, 12, 13 and

- 14 for the line prlnters 1, 2. 3, q

S | | ‘ and 5 respec vely. .

CASSIGN  32,M,PF© - N takes thevalue 9, if the auxiliary
. S line printer is requested and 0,

if the auxillany line printer is not .
requested.’ :

 TRANSFER  ,WAIT This statement sends a job to wait,
‘ : ' if necessary, for the card reader.

P
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