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ABSTRACT

This thesis deals with nultiprogramming (MP) technigues
as used with digital computer systems to make efficient

utilization of its different resources.

The thesis starts by considering how MP evolved as a
cure for situations in which we encounter a mix of highly
Input/output - bound snd Central Processing Unit-bound
programs. Next, MP operating system (08) architecture.is
1ntroduced to handle MP environment. Such indispensable
toplcs such as program interrupt system, memory management

and scheduling are then introduced.

Storage allocation and the virtual memory concept is
thoroughly sbudied. Paging and segmentation concepts are
studied supported by examples of existing real systems;

examples included the ATIAS and MULTICS systemse

Scheduling was nexbt augnrented as being primarily
responsiblé for the dynamic §1location of resources among
a mix of active programs. The different scheduler levels
are discussed and different scheduling algorithms are raised.
Assignment of prioricies and the effect of priorities and
the effect of scheduling on file memory operations are also

studied.



Finally the architecture of an experimental MPOS is
worked out and its constituent parts.are thoroughly invest—
igateds - Detailed design and flow charts are worked out
and successfully implemented on the IBM 1130 computer
system. Typical results are shown and the substantial

improvement of MP system over a patch processing ervironment

is clearly shown.
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INTRODUCTION

This thesis deals with multiprogramming (MP) technigues
as used with digital computer systems make efficent utiliza-

tion of its different resources.

In chapter (1) evolution of mutiprogramming systems is
presented in detail.- The situation in which MP systems are
effective are those in which 1I/0 - bound énd CPU - bound
programs are mixed. The structure ofroperating systems for
MP environment are presented and the different modules are
described with the job of each module defined. These modules
are storage allocator, scheduler, interrupt handler, and job

control module.-

Chapter (2) deals with storage allocation techniques.
The basicfbroblems are first discussed and then evolution
of storage allocation is presented starting with the use of
base registers and then paging techniques for improving
allocation and memory protection. Kxamples based on existing
systems are presented like the "ATLAS" system. Special
emphasis was put on the "MULTICS" system for which the
segmentation concept was developed in great detail. The
hardware support for such system was presented and the

advantages of using segmentation was discussed in detail.
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Chapter (3) deals with scheduling which is responsible
for assigning which programs will take control of the CHFJ.
Different scheduling techniques are presented showing in
general the difference bebtwee. high Ievel and low level

scheduling. Time slicing is also presented and dynamic
.pfiority asgignment techniques are discussed. Details of
scheduling for secondary storage devices is presented ?n

details with some specific schemes for drum and disk seheduling.

Advantages of scheduling these devices is clearly demengtra%ed;

Chapter (4) presents an. experimental multlprosrammlng

system that was implemented on the IBM 1130 computer of

Ain Snams~Unive251ty. The structure of such system took into
accoeunt the avallable facilities of this computer which would
cleariy demonstrate the effectLVBness of multiprogramming.
Details of the basic moduls of MP qperating Sys tem werq given
showing the structure of all required tables, stadks, pointers
and indicators. These modules included the interrupt handler,
the interrupt identifier, program service subroutines for
internal interrupts, 1/0 service subroutines for external

interrupts, and scheduling routines.

Chapter (5) gives the programming details of the above

MP operating system together with the necessary flowcharts.
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The peripheral equipment used in this gystem were the card
reader and the console printer, and the interrupt key request.
Different mixes of prdgrams were tried to illustrate .the
improvement obtained by using this system éverthe_ordinany
batch operating system. Saumples of results are included to

support the above findings.
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1.2. Introduction ¢

To appreciate multiprosramming we have To trace
back systems designerts strive for effecient utiliza-
tion of the different cowputer cowponents, On the
other hand, wmultiprogramming iupleuentation has brought
with it many difficulties which are deeply rooted in

operabting systems design and wemory management philosophy.

In this chapter we first consider Input40utput
control To smoothen the effect of slow peripherals as
contrasted to the high speed CPU, The fundamental
transformnation towards efficient utilization of CHJ time
is the overlapping of CFU aad 1/0 operations, There are
various techniques for achieving overlap, and various

tradeoffs have been made iun order to achieve it.

Buffering technigues, are considered firsti then

we come b0 the eoncept of channels,

Basically, a channel provides a path for data and
control signals to be passed. AL the CPU interface one
finds a variabtion in The amount of support that the CFV
provides for I/0 operation, the extent of true indepen-
dence of channels from the CPY and from each other and
the degree of the hardware supporting channel operations.

In the prescence of an 1/0 controller, the necg¢ssary

W
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inforaation is sent to the chanael thus meking it vo 0O
ahead under its own steam. 4 channel program is then

executed by the channel, indepecndent from the CPU.

For aighly I/0 bound prograns, we notice thab
even when the program runs in its hypothetical winiwum
time, the CPU is still very iightly utilized. This is
where wultiprogranuing is very teupbing. Multiprog-
ramming is Ghe phenouenon of heving more than one
programn Yecbive' at a point in tiue, any of which if

given the control of CPU cen meie use of 1b.

exbt in this chapter, uwultiprogramming overating
svatens are considered. The reason for considering
operabing sysbems is thet in view of mulbtiprogramming

.y

sysbems an appreclation of the cost in system feabures

-

and services to support the wulviprogramuing ccpahility

i1s in order .

Cf particular ilamportance Ho a multiprogramuwing
sechine is the interrupt. A full description of the
multichannel, multiprogramning asyuchronous compubser
sysben is impossible withoub tihe support of an inter—

rupt systeu. This 1s also explained in this chapter.

Dynaaic storage managenent and the impact of

wultiprogramuing iz also gonsidered.
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L Fundamental goal of sbtore managexent is to
achieve a valance between sunply and derand for core
wd to provide mechanisus o place things in core when
thney are needed there. The problem 1s complicaved more
and more as deeper hiersrchies of sbtorage are encountered,
ag it is thg case for real syutcus. The multiprogramming
snvironuent has, by 1ts very nabture, contributed to %he
interest in dynanic storage allccabtion. Llhe effectiveness
of aultiprogramning as a technique for increasing the
effective ubilization of coupornents of a compuber systen
in part depends upoxn the range of e¢hoice of prograns thab
nay be run bogebher and upon bhe overhead the runaning

together of programs iuplies.

.

Tinally, in multiprogramning envirvonment, effective

scheduling is vital. In essence, wnlbiprogramming involves

the simulbation of a number of processors from one pProcessoT.

Guestions of priority snd srecedence wre there, bub in
contrast o scheduling of « sejuential system, questions
of effcative usagpe and utilizabtion of individual components

are sitronzly preseut.

1e2e gpput—thput Control

Ty early compaber sysbent, Progranmers were
21llowed bto opevate Ll comgubon LY thensslves o oxn

operabor wenualdly seguezced she jobs for the cowmpabew.



