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Preface

This report _ s the result of an effort to assist

personnel at the Air Force Avionics Laboratory (AFAL)

Wright-Patterson AFB , Ohio in the development of tools and

techniques which can be used in computer performance evalu-

ation (CPE) of their DECsystem-lO. A closed queueing network

model which I hope will be beneficial in performance evalua-

tion of the DECsystem-lO at the Avionics Laboratory is

presented in this report . Appendix A contains a copy of the

FORTRAN program which I wrote to implement this model . Given

the constraints  and assumpt ions of the model , this program

can be used in performance evaluat ion of any t irrn~—sharing

computer system . -
I would like to thank Captain Bob E. Baker of AFAL/AAF-2

and Michael E. Price , DECsystem—lO Software Specialist at

the Avionics Laboratory , for  their support and assistance

during this project . Finally , I would like to thank Dr. Gary

B. Lamont for his advice and leadership as my thesis advisor.

Leslie E. McKenzie , Jr.
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Abstract I
A closed queueing network model of the DECsystem—lO at

the Air Force Avi onics Laboratory (AFAL) , Wright-Patterson

AFB , Ohio was developed. This model was developed to provide

personnel at the Avionics Laboratory with a computer perfor-

mance evaluation (CPE) tool which they could use to improve S

the performance of their DECsystem—l0.

The hardware conf iguration and operating system features

of the DECsystem-lO are discussed in this report . Features

which affect performance are emphasized. Then , a review of

computer performance evaluation and the CPE tools and tech-

niques currently available is presented . Of these tools and

techn iques , simulat ion and anal ytic modeling are investigated

as the two major approaches to computer system modeling.

A closed queueing network model which can be used to

evaluate performance of the DECsystem-l0 is described. This

model can represent different types of time—sharing users and

system resources with general service time distributions. The

model can also represent several dif f e r e nt queue ing discipl ines

for system resources.
i~ .

Val idation exper iments indicated that the closed queueing

network model described in this report is a viable CPE tool for

the DECsystem-10. A possible improvement to the model would be

the inclusion of the effect that swapping has on performance

measures in time-sharing computer systems .

_ _ _  U’
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QU F U F I N G  NFTWORI < MODEL FOR PERFOR M ANCE

FVALUAT ION OF THE DECSYSTEM- 10

I. Introduction

During the last decade , the use of information pro—

cessing systems by the Air Force has steadily increased.

Today , information processing systems play an essential

role in the operat ion of most Air Force organizations.

This increased use of information processing systems in

the support of various Air Force missions can be largely

attributed to the development an~ implementation of multi—

programming, multiprocessing, time—sharing , virtual memory ,

real-t ime and networking concepts. Although beneficial to

the Air Force , the versatility cf information processing

systems resulting from the implementation of these concepts

has been accompanied by the increased cost and complexity of

these systems . While the high cost of these systems necess-

itates their efficient and effective use , their complexity has

unfortunately created major problems for Air Force automated

data processing managers .

Review of Computer Technolocty Development

During the l950s and 1960s , the Air Force ’ s use of in-

formation processing systems was limited by the state of the

art of computer technology . Computer technology was still in

its infancy . The types of computers available were t~ w ,

and operat ing sys tems were prac tically nonex istent. The

1
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a v a i l a ble comp u te r s were b a s i c a ll y un i p rocesso r , s e ri a l  p ro—

ces s in e , b at c h  ~vst ems . The bw~ic h a r d w a r e c o n f i g u r a t i o n  of

these  compute r-s cc n sL s te d  of a m e mo r y  unit , p rocessor , card

reade r , l i n e  p r~ n t c r , and p o s sib l y  a numbe r of  t ape d r i v e s .

Ha rdware  c c ,n f i au r a t  ion and operat in g  sv~~te ni si ~p l . ic i t y

1 im~ ted the p e r f o r m a n c e  c a p a b i l i t i e s  of comput -~ rs d un n o t h i s

t i m e  per iod . Howeve r , t h i s  s i m p l i c i ty  a l s o  p r o v i d e d  Ar r Force

a u t o m a t e d  dat a p rocess ina  (A P P )  m an a g e r s  wit - P comp l e t e m a n a —

a e r i al  cont rol  of t he  in  c om n u t  e rs . ~ eve r a l  asp ect  s of t his

c o n t r o l  a re  as f oH o w s :

1. Since  a l l  t a s k s  (j o b s ) were  m i t  iat ed  fhrouo h t h e

care reader , the ADP ma n a o c r  cou ld  n r i o r i t  :~e a n d

sched u l e  t a sk s  (j o b s )  in  agre ement  w i t h  p rede te rmined

or g a n i z a t i o n a l  o b j e c t i v e s .

2 .  The t i m e  r equ i r ed  t o  e xec u t e  a give n w o r k l o a d  could

he ca l c u l a t e d  a c c u r a te ly .  S ince  t a s k s  were  execu ted

s e r i a lly ,  t he  t ime  :~eedcd to e x e c u t e  any  w o r k l o a d  was

si m p ly  the  sum of t he  t ime  r e q u ir e d  t o  process each

t a s k  composing t h e  w o r k l o a d .

3. In a s i m i l a r  manne r , t he  m a x i m u m  w o r k l o a d  t h a t  t h e

comp u t er  was cap abl e of suppor t  ing c o u l d  be c a l c u l a t e d .

4 The “ t u r n a r o u n d  t ime I I  fo r  a t a s k  could  be c a l c u l a t e d

f r o m  i t s  s c h e d u l i ng  p r i o r i t y  and the nrocessinc t irn e

r e q u i r e m e n t s  of backlogged t a sk s  s i n c e  t h e  p t c ~-essi na

t i m e  of a given t a s k  was f a i r l y  con : ;t  an t

5 . Two exp :es SI on s of c o m p u t e r  Ut 1 -~ at i on were a l so

obt a i n a b l e .  The Ut i i  i r a t  ion of t h e  co~~~u t  e r 1w a
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task was s imply the time that  the computer processed

a given tas k re la t ive  to the to ta l  t ime tha t  the

computer processed tasks. Total computer utiliza-

tion was simply the total time that the computer

processed tasks relative to its tot al processing

time , idle time , maintenance time , and repair time .

6. Workloacls which exceeded the processing capabilities

of the computer  were eas i ly  measured by the phys ical

backlog of tasks .

These control s and measures enabled ADP managers to con-

trol the performance of their computers in processing tasks

to accomplish organizational objectives. Using these i~eas ures ,

ADP managers were also able to predict the performance limita-

tions of their computers. Unfortunately, the only solution to

workload backlogging was the reduction of the workoad or the

purchase of a new computer.

Since the late 1960s , the field of computer technology

has exploded. New designs and concepts are barely implemented

before they are outdated . In a few years the computer industry

has progressed from production of uniprocessor , serial process-

m c i , batch systcnr~ to product ion of multiprogramming, multi-

processing , tire—shar ing systems . In addition , the implemented

concepts of virtual r~emory , real-time processing , and networking

have only made complex computer systems more complex.

One key to the successful implementation of advar~ced com-

puter concepts has been the development of sophisticated hardware .

~ 
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The development of high speed , low cost memory has m.~Lde large

memory units which support mult iprogramming and mult iprocessing

concept s techn ically and economical ly  feas ible. In add it ion ,

a variety of peripheral devices including disks , drums, tele-

types , cathode-ray-tube terminals , graphics displays , and

plotters have been developed to enhance the input/output (I/O )

and communication capabilities of computer systems. The con-

cepts of interrupt driven I/O, separate I/O and data channels ,

and direct memory access have increased data t ran smission

capabilities in computer systems. Register memories , instruc-

tion lookahead, and instruction pipelmning have been successfully

used to increase the processing speed of the central processor.

Since modern hardware is costly and complex , computer

systems are designed modularly. In modular computer systems ,

various hardware components such as memory units, processors ,

and peripheral devices operate independently of each other.

Communication between hardware components is handled asynchron-

ously, and multiple components may service requests simultaneously.

For example , while a processor is execut ing an in s t r uction it

could be fetching a second instruction from memory , and a disk

unit could be transfe rring data into memory for later use by

the processor. Thus , the probability of high speed hardware

components being idled while waiting for a response from lower

speed hardware components is reduced. Since idle times are mini-

mized , the utilization of individual hardware components (system

resources) and total system processing capability is increased.

4 

------- -~~~~~ - - - - - - -_  - - -~~~~-



—

Another advantage of hardware modularization is the

configuration flexibility of computer systems. Hardware

components can be used in the configurat ion of various size

• systems based on workload requirements. As woric loads change

and technical advances outdate certain hardware components ,

computer systems can be updated by adding or replacing corn-

• ponents without incurring the cost of a completely new

system.

A second key to the successful implementation of advanced

computer concepts has been the development of sophisticated

operating systems. Typically, the operating system controls

the tasks within the computer system. It allocates system

resources to tasks and handles service reques ts of the tasks .

Service requests may range from providing tasks with the time

of day to performing data transmission between the tasks and

per ipheral devices. Through the allocation of system resources

(memory , processing time , disk space , et c .)  to tasks , the

operating sys tem cont r o l s  which tasks re ceive service an d

which system resources provide that service . Therefore , the

utilization of the various hardware components and the workload

f low through the system are depend ent upon the algorithms wh ich

are used by the operating system to allocate resources to tasks .

Many resource allocat ion algorithms of va rying complex ity

have been developed and implemented within various computer

systems . Howeve r , all resource allocat ion algor ithms have

common goal s . Several  goals of re source a l l o c a t ion algor it hms

are to maximize the total processing capabilities of the computer

5
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system , to minimize the time that each task spends in the

computer system , and to maximize the utilization of system

resources. However , since each organization which uses a

• computer system has diffe rent data processing requirements

and priorities , resource allocation algorithms must also

provide the owner of the system with the flexibility to

alter these goals to reflect his requirements and priorities.

Although the resource allocation algorithms of each

computer system must reflect the unique processing require -

ments of its owner , it is economically infeasible to develop

specialized resource allocation algorithms for each organiza-

tion which owns a computer system. Therefore , resource allo-

cat ion algorithms are designed so that during processing,

the algorithms are controlled by a set of parameters. These

parameters usually have default va~ ues which have been estab-

lished by the computer manufacturer to he suitable for the

ave rage owne r. However , the owner of an ind ividual computer

system can a l ter  the default values of these parameters .

Examp les of the para meter s wh ich the owner of a compute r  system

can alter include the following:

1. The maximum number of active tasks a’lowed in the H
computer system (multiprogramming level).

2. The maximum amount of memory available to specified

users .

3. The minimum amount of time a task must remain in m a i n

memory before it becomes a candidate to be swapped out

to secondary memory ( in - c o r e  pro tec t  t i m e )
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4. The maximum amount of processing time allocated to

a task before it is preempted by another task (quan-

tum processing time)

5. The priority of a task relative to other active

tasks ( pr ior ity structure ) .

By judicious assignment of values to such resource allocation

parameters , the owner of a computer system can insure that

predetermined processing requirements are achieved. These

requirements could include preferential service for certain

users , discrimination against tasks requiring unusual amounts

of system resources (memory , processing time , etc)  , or main-

tenance of high or low utilization levels for certain system

resources.

Computer  Performance Evaluation as a Management Tool

The increased complexity of ha~ dware and operating systems

has greatly increased the processing capabilities of modern

computer systems. However , proper management of such computer

systems is also more complex. The sim:alistic controls and 
j

perfo rmance measures associated with earl ier generat ions of

computers are no longer available or viable. Today management

of computer systems is less “mach ine ” or iented an d more “system ” ‘ 4

oriented . When using earlier generat ion s of computers , the

chief responsibility of Air Force APP managers was to insure H
that the computer system hardwa re was mechani cally operational.

Today the responsibilities of APP managers are not as simple.

The configurat ion of the hardware , the resou rce a l l ocat ion 

•
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algor ithms of the opera ting system , and the processing pri—

or it ies of var ious tasks can all be control led by the ADP

manager. Through his control , the ADP manager can insure

that the hardware con f igurat ion , the operating system , and

the mixture of tasks using system resources compl iment each

other to produce the most effective data processing capabil-

ities possible. Therefore , the per formance measurement of

computet systems can no longer be based on hardware charac—

teristics alone. Rather , the ability of the Air Force ADP

manager to un derstand and control his computer ~ystem (hard-

ware, operating system , scheduling of tasks) plays an increasing

role in determining its actual performan ce.

The ability of Air Force ADP managers to control the per-

formance of complex computer systems is related to their

ability to answer various performance questions. Examples of

these performance question s are as follows :

1. Since there are many computer systems currently avail-

abl e , how do I select the system that can best satisfy

my processing needs?

2. What hardware configuration do I need? How many

memory units , tape drives, disk dr ives, remote termi -

nals, etc. do I need? How do I configure these

hardware components to insure max imum perf ormance ?

3. How do I set resource allocation algorithm parameters

to insure the maximum data processing capability?

4 .  I f  my cu r ren t  system can no longe r provide required

data processing capabilities, what can be done? Can

_ _ _  

8 
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performance be improved by adjusting operating

system parameters , modifying the tasks being pro-

cesse d , or purchas ing new ha rdware? Wha t system

resources prohibits expansion of processing

capability?

As the cost of modern computer systems and the demands

for additional processing capabilities increase , Air Force

ADP managers have become increasingly concerned with per-

formance related questions like those listed above . Although

the complexity of computer systems makes it difficult to

obtain answers to these questions , the field of computer per-

formance evaluation (CPE) does provide ADP man agers with

assistance in answering such performance questions. Computer

pe r fo rmance eva lua tion has been de f ined as “any effort directed

toward the optimization of the performance of a computing

system ” (Ref 1:20). Computer performance evaluation is a

management strategy which is supported by a collection of tools 
-

•

and techniques. An ADP manager can use these tool s and tech-

niques to measure the performance of his computer system , to

determine if and how performance can be increased , and to pre—

dict performance increases or decreases due to system modifica-

tions. These modification s could include changes to hardware

configuration , changes to the operatin~ system , or cha nges in

dat a processing requirements. •

9 - ‘
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Problem Statement

The Air Force Avionics Laboratory (AFAL) at Wright -

Pat terson AFB, Ohio currently owns a Digital Equipment

Corporation DECsystem-lO computer system . This computer

system is a multiprogramming, multiprocessing, time-sharing

system with real-time processing capabilities. It is used

in the development and validation of Air Force avionics

software. Recently, the data process ing demands of the

DECsystem-lO users have been steadily increasing . As a

result of this ever increasinci workload , the DECsystem--lO

is currently exhibiting many of the symptoms which are indi-

cative of perfo r mance degradation . These symptoms include

excess ive response times for terminal users , the la ck of

unused disk space , excessive swapping , and a high degree of

central processor inactivity.

Unfortunately, the causes of performance degradation

are not near ly  as evident as are the symptoms of pe r f o rmance

degradat ion . The causes of performan ce degradation can inc lude

inefficiencies in hardware configuration , inefficiencies in the

resource allocation algorithm s of the operating system , and

an unbalanced or excessive workload . To identify the causes

of performance degradat ion and to implement the necessary

changes to improve performance requires a complete computer

performance evaluation of the DECsystem-lO.

The time limitations of this thesis effort prevent the

accomplishment of a complete computer performance “valuation

- •  ~~~~~~~~~~~
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of the DECsystem-l0 at the Air Force Avionics Laboratory (AFAL).

The refore , this thesis effort is limited to assisting Avionics

Laboratory personnel in the development of computer performance

evaluation tools and techniques which can be used in perfor-

mance evaluation of their DECsystem-lO. A review of available

CPE tools and techniques with emphasis on modeling techniques

(simulation and analytic modeling) is presented in this report.

An analytic model of the DECsystem—l0 is also presented. This

model can be used to optimize the performance of the DECsystem-

10 based on its current workload and to predict performance

changes due to changes in its workload , resource allocation

algorithms , or hardware configuration .

Approach

To assist Avionics Laboratory personnel in developing CPE

tools and techniques which can be effectively used in perfor-

mance improvement e f f o r ts , the following activities were

undertaken during this thes is effort :

1. The DECsystem-l0 was analyzed to determine its major

components, to ident ify  the options and parameters

which could be changed to improve performance , and

to ident ify the CPE tools and techniques that are

currently available at the Avionics Laboratory .

2. Computer performance evaluation was reviewed to

determine which CPE tools and techn iques would most

effect ively aid in performance improveme nt of the

DECsystem-lO .

11
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3. An analytic model of the DECsystem-lO which can be

used in performance improvement efforts was imple-

mented.

4. The analytic ~nL 1 was validated for the DECsystem-l0.

Orde r of Presentation

Chapter II of this thesis describes the DECsystem-lO

computer system at the Avionics Laboratory . This description

includes the current hardware configuration and the architec—

ture of the operating system . The discu ssion of the hardware

configuration includes a brief overview of the memory , pro-

cessor , peripheral device , and communication channel components.

The major modules of the operating system are reviewed along

with its task schedul ing and resource allocat ion algorithms .

Chapters III , IV , and V present a review of the field

of compute r perfo rmance evaluation. This review identi f ies

those CPE tools which are most effectively used in performance

improvement efforts. Chapter III reviews the performance mea-

sures, tools , and techniques used in computer performance

evaluation studies. Chapter IV examines the various simula-

tion modeling techniques, the advantages and disadvantages of

simulat ion modeling , and available simulation languages.

Chapter V examines the development of anal ytical modeling tech-

niques, the advantages and disadvantages of analytical modeling,

and a review of applicat ions of analytical models to computer

systems.

12
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Chapter VI and VII presen t the anal ytical model imple-

mented for performance evaluation of the DECsystem-lO . This

is a closed queueing network model with different classes of

customers and fou r types of se rvice center s . The descr iption

of the model is presented in Chapter VI while Chapter VII

presents the computational algorithms used to implement the

model and to calculate performance measures.

Chapter VIII presents a description of how the DFCsystem-lO

computer system can be represented by a closed queue ing network

model and the results of tests run to validate the queueing

model against data collected from the DECsystem—lO at the 
S

Avionics Laboratory. Recommendations for continued work are

also included in this chapter.

It is assumed that  readers of th is thesis have had at

least one undergraduate course in both computer architecture

and queueing theory .

13
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II. DECsystem-l0 Computer System

The first step in any compute~ performance evaluat ion

e f f o r t  is to ga in  an u n d e r s t a n d i n g  of the system being eval-

uated (Re f 2 : 6 ) .  The re fore , a review of the DECsystem-lO

owned by the Air  Force Avionics  Labora tory  (AFAL ) at Wr igh t -

Pat te rson  AFB , Ohio is presented in t h i s  chapte r .  Thi s review

inc ludes  a desc r ip t ion  of the cur ren t  hardware conf i g u r a t i o n

and opera t ing  system a r c h i t e c t u r e  of t h i s  DE C s y s t e m -l0 .

I d e n t i f i cat i o n  of ha rdware  components  and resource a l l oca t i on

a lgor i thms  which  a f f e c t  p e r f o r m a n c e  is emphas ized  in t h i s

chapter.

The DECsystem-lO computer system at the AFAL is a multi-

programming , multiprocessinci , time—sharing computer system

with real-time processing capabilities. The DFCsystem—lO

is located in the simulation laboratory at the Avionics

Laboratory. It is used in the development , simulation ,

evaluat ion , and validation of Air Force avionics software.

In addition to providing local and dial-up time-sharing

and real-time processing capabilities , the DECsystem—lO also

supports local and remote batch processing. Remote job-entry

service is supplied to users located at the China Lake Naval

Weapon s Center in California and the Armament Development

Test Center at Fiqin AFB , Flor id a , via leased common-carrier

circuits.

Hardware  C o n f i g u r a t i o n  
- 

-

The DECsystem-lO is a dual processor model 1077 computer

_ ~~~ ~~~~~~~~~~~~~~~~~
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system . Fig. 1 is a diagram of the hardware configuration

of thi s system .

Processors. At the heart of the DECsystem-l0 are the

two 1<110 central processing units. These two central pro-

cessing u n i t s  are design ated the p r im a r y  processor and the

secondary processor. Both of these processors have access

to all of the memory units. However , only the primary pro—

cessor has all of the normal I/O devices attached to its I/O

bus. These I/O device s include the line printers , plotter ,

terminals , disk drives , and tape drives. The I/O bus of

the secondary processor is reserved for attachment to I/O

devices associated with real-time applications.

The primary processor performs exactly the same opera-

tions as it would in a single processor system except for

real-time processing . This includes scheduling and execu—

t ion of user jobs , all I/O operations , and all resource

allocation (swapping, core allocation , file management , etc.)

The secondary processor handles all real-time processing re—

quirements. When it is riot processing real—time applications,

-
• the secondary processor executes normal time-sharing user

jobs. However, the secondary processor is not allowed to

handle I/O requests or any resource allocation . Therefore ,

it attempts to select for execut ion compute-bound jobs which

are already in core and ready to execute. When a job being

executed by the secondary processo r requests an I/ O ope rati on ,

the job is stopped , requeued , and m arked for execution by the

pr imary proces sor only.

15 
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Since the secondary processor is prohibited from per—

forming I/O operation s and resource allocatior , most of the

normal hardware and software overhead associated with true

multi processor computer systems is eliminated. In addition ,

a single version of the operating system can be used by both

processors. An interlock is located in the scheduler to pre—

vent both processors from trying to execute the same job at

the same time . Otherwise , the two processors operate asyn-

chronously while executing the same scheduler. Thus the

primary/secondary configuration provides more processing

capability than a single processor system but doesn ’t gener—

ate the hardware and software complexity of true multipro—

cessor systems .

Memory U n i t s .  The main memory of the DECsystem-l0 system

consists of four 64 1< word ( 36  h i t s/word)  u n i t s  of core memory .

Each memory unit is further segmented into 512 word pages in.

support of virtual memory concepts. Each of the four memory

units has four memory ports. These memory access ports pro- - -
vicle direct access to any combination of processors and/or

high—speed data channels. Two of these are connected to the

master and slave processors. The two additional memory ports

of each mem ory unit are connected to a DFIO data channel and

to an MX 1O memory m u l t i p l e x e r .  The NP~’ l 0  memory m u l t i p l ex er

can provide a maximum of seven additional channels (Ref 3:70c—

38 4 - O l f ) .

P a r r  S t o r a p : Dey içes .  The D F C sy s t em— 1 0  has f o u r  RPO~

d i s k  u n i t  r .  Each of these  u n i t s  has a :;toraqn cap ici t y  of

g
~ 
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20 million 36-bi t words. The average seek time for these

disk units is 28 milliseconds , average rotational delay is

8.8 milliseconds, and the data transfer rate is 178.571 36—

bit words per second. The rotational speed is 3600 rpm

(Ref 3:70c—384—Olg) . These four RPO4 disk units are con—

trolled by a RH1O disk controller. In addition to handling

the interface between the RPO4s and the I/O bus and the data

bus , the RH1O disk controller also allows overlapped posi-

tioner operation . Overlapped positioner operation allows

the simultaneously positioning of two or more disk drives.

One of the RPO4 disk units is used primarily as swapping

space while the other three units are used as user disk space.

The DECsystem-10 also has four RPO3 disk units. The

RPO3 disks can store 10.24 million 36—bi t words with an

average transfer rate of 66 ,66b7 36—bit word s per second .

Average access time for these disk units is 47.5 milli-

seconds which includes a 12.5 millisecond average rotational

delay and a 35 millisecond head-positioning time (Ref 3:70c-

384—Olg) . Because the memory units have only four memory

ports , these disk units are interfaced with the memory units

through the MX1O memory multiplexer rather than through a

DF1O data channel as are the RPO4s. One of the RPO 3 disk

units contains the system files (compilers , assemblers , etc.),

while the other three units are used as user disk space.

Real-time Processipg . The DECsystem-1O has a DMA1O

Memory Sharing Interface System which provides a memory

18 
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sharing link between the DECsystem-lO and eight PDP-ll -S

minicomputers. The DMA1O provide s the capability for the

eight PDP-ll’s to be used as dedicated device controllers

for the DECsystem-10. The DMA1 O consists of a DMA1O-C I/O

controller and memory bus , and a DMA1O—F memory interface

unit for each PDP—ll. A special UNIBUS with differential

transmission techniques links each PDP-ll with its memory

interface unit . This allows the PDP-ll’s to be up to 80

feet from the DECsystem-l0. Fig. 2 shows the hardware con-

figuration of this DMA1O Memory Sharing Interface System.

DECsystem-l0 programs which interact with a PDP-1l

must remain in main memory while they are being executed .

Such programs can control a PDP—ll by placing necessary task

parameters into a common ccmmunication area and issuin’i a

PDP-ll interrupt to start the task. As the PDP-ll task

executes , it may assemble any output data in the common

communications area and interrupt the DECsystem—10 user pro—

gram when it wishes the user program to take act ion . Thus ,

the PDP-11 may be controlled from the DECsystem-lO user

program .

Hardware Effect on Performance

The hardware configuration of the DFCsystem-lO p l ays

an important role in the performance of the system as viewed

by time-sharing users. Several characteristics of the hard-

ware con f iguration described in previous section s are possibl e

causes of performance degradation and should he investigat ed in

19
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a pe r fo rmance  e v a l u a t i o n  of the D E C s y s t e m — l O .  Some possible

causes of performance degradation which are related to the

hardware configuration of the system are as follows :

1. When r e a l— t i m e  jobs  are b e i n g  executed , they must

remain in main memory. They also contro l the

secondary processor. Therefore , a limited amount

of main memory and only one processor is available

to service t ime—sharing users when real-time jobs

are being executed. H

2. When real—time jobs are not being executed , the

secondary processor executes time— sharing jobs .

However , the secondary processor cannot handle the

I/O requests of t ime—sha r ing  users .  The overhead

that is required to interrupt the primary processor

to handle all I/O operations may cause significant

performance degradation if compute-hound jobs are

not selected for execution on the secondary processor.

3. The amount of main  memory available for time-sharing

users may not be sufficient to contain enough jobs

to keep the two processors act ive .

4. The limited number of memory port s requires that the

swapping RPO4 disk unit and the user RPO4 disk units

be connected to main memory t hrough a s i n g l e  d a ta

channel . Since swapping I/o rerel yes p r i o r i t y  ove r

tim e—sharin g user I/O , swappinq increaser t he delay

f o r  t im e  c h a r m  n q user  I/O . T h is ~~~ ay m a y  a f f e n t

sys tem p er  f o r m a n c e  s ign  m u  r a n t  lv  r i  nee 1 l ~ i t u r t

21 
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remain in main  memory wh i l e  t he i r  I/O requests are

processed . Thus , main memory may be dominated by

jobs which cannot be executed until their I/O is

completed . Such a situat ion would lead to pro-

cessor inactivity.

Q~~~rat i~ g ~ y~~tem

The opera t ing  system of the DECsystem- lO is cal led the

TOPS-b MONITOR. The MONITOR is a co l l ec t ion  of sys tem pro-

crams which  schedules and cont ro ls  the  operat i on of user

programs , pe r fo rms  overlapped I/O , provides  for  context

switching (overhead involved when a processor changes the

user program it is executing) , and allocates resources so

that the computer ’ s time is efficiently used . The MONITOR

maintains control of all processing through a clock located

in each processor. Each clock interrupts its processor 60

times a second which guarantee s that the MONITOR regains con-

trol of the processor from user programs at least 60 times

per second .

The MONITOR consists of many separate and more or less

independent routines which are called according to events

which occur within the system . Some of these routines oper-

• ate on a regular cycle based on the clock interrupt (after

each clock interrupt) . Others are called only in response

to system events such as I/O interrupts. Fig. 3 shows the *

relationship among the major modules of the MONITOR.

_ _  _  _ _
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~ yçlic  Routines. After each clock interrupt , the

MONITOR executes a prede te rmined  set of rou t ines .  Fig 4

illustrates this MONITOR cycle. The first routine to be

executed is the command decoder. The command decoder is

the communication s link between the user at his terminal

and the operating system. When the user types commands

and/or requests on his termi nal , these commands are stored

in an input buffer in the operating system. On each clock

interrupt , control is given to the command decoder to

interpret and process one command. If more than one user

command is waiting to be serviced , they will be serviced at

subsequent clock interrupts. If the command requires lengthy

service time compared to the MONITOR cycle time of 1/60

second , it is initialized and processed in subsequent cycles

as a regular  t a s k .

After the command decoder has been executed , the

scheduler is executed . Since the DECsystem-i0 is a multi-

programming system , it allows several user tasks to reside

in core simultaneously and to execute sequentially. It is

the job of the scheduler to determire which user job will

execute for the remaining time slice (remaining 1/60 second)

All jobs in the computer system are retained in orde red

queues. These queue s have various priorities that reflect

the status of each job at any moment . The aueue in which  a

lob is placed depends on the system resource for which it is

waiting ; and , because a job can wait for only one r e s o u rc e  at

a time , it can be in only one queue at a t i m e . Jobs may he

24
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in run queues , I/O wait queues , I/O satisfied queues.

terminal I/O queues , sleep queues , e tc .

The scheduler examines the various run queues in order

to determine which job will be executed in the remainder of

a time slice (remaining 1/60 second) . If the scheduler is

selecting a job to execute on the primary processor , it

scans the run queues in the following order (Ref 4:302) :

1. HPQ1 through HPQn are scanned forward for non—

real—time jobs .

2.  P01 is scanned forward .

3. P02 is scanned forward.

If the scheduler is selecting a job to execute on the sec-

ondary processor , it scans the run queues in the fol lowing

order (Ref 4:302) :

1. HPO1 through HPQn are scanned forward for real-

time jobs .

2. P02 is scanned forward .

3. P01 is scanned forward .

HPQ1 through HPQn arc high priority queues specified at- 
C

system generation time . Only privileged users’ jobs are

found in these queues , and they are reserved alniost solely

for real-time applicat ions. If the scheduler finds a job

in one of these queue s , i t  is selected t o  execu te .

P01 is one of the two queues holding norma l l obs . Jobs

are placed in thc- back of Pal when they first start running,

come out of terminal I/O wait , or command wait . Some jobs

tha t have been ‘ sleep ing ” for ove r one  secon d will also be

26
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queued at the back of PQ1 . The purpose of P01 is to provide

fast response to jobs requiring a small quantum of central

processing time . Once a job exceeds its quantum processing

time , it is requeued to the back of PQ2. The scheduler

attempts to execute jobs from the PQ1 run queue on the pri-

mary processor because they are more likely to request an

I/O operation after ~
‘ shorter period of processing than jobs

in the PQ2 run queue are .

PQ2 is the queue for all jobs that have exceeded their

quick-response quan tum processing time . Jobs that reside

in P02 are treated in a normal round-robin manner with a

constant time-slice. Jobs will always requeue to the end of

PQ2 when they exhaust their processing time slice . The sched-

uler attempts to execute jobs from the P02 run queue on the

secondary processor because they are usually compute—bound

jobs.

As part of the scheduling procedure , the swapper is

executed during each clock interrupt . The swapper attempts

to keep in core the jobs most l i k e l y  to be runab le .  I t  de-

termirmes if a job should be in core by scanning the various

run queues in which a job may be. If the swapper decides

that a job should be brought into core , it may have to t ake

anothe r job already in core and transfer it to secondary

storage. The refo re , the swapper is not only responsible for

bringing jobs into cor e but is a lso  responsible for selecting

jobs to be swapped out if necessary . In order to determine

which jobs to swap in , t h e  swappe r scans t he  run queue s in

27



_ _ _ _ _  

-

~~~~~ 
—

the following order (Ref 4:302)

1. HPQ1 through HPQn fo rward.

2. PQ1 forward .

3. P02 f o r w a r d .

In orde r to determine which jobs to swap out , the swapper

scans the run queues in the following order (Ref 4:302)

1. PQ2 backward.

2. PQ1 backward.

3. HPQ 1 th rough  HPQn backward

Although the swapper attempts to keep in core the jobs

that are most likely to be runabl e , the activities of the

swapper are limited by the fo l lowing th ree fa ctors : 
- 

-

1. The swapper is never allowed to swap real —time jobs

and other high priority jobs out of main memory .

2. A job can never be swapped out of main memory when

it has an incompleted I/O request outstanding.

3. Once a job is swapped into main memory , it cannot

be swapped out of main memory u n t i l  i t s  i n — c o r e - p r o —

tect—time has been exhausted (as long as it remains

in the run queues) . The i n — c o r e — p r o t e c t - t i m e  f o r  a

job in the DECsystem-lO is its Minimum Core Usage

Funct ion ( MCUF) . The MCUF is defined as MCUF =

PRO T * job size + PROTO (Ref 5:245) . PROT is the

Minimum Core Usage ( MCU ) m u l t i p l i e r  and PROTO is

the Minimum Core Usage (MCU) constant. When a job

is in main memory, its MCUF value is only decreased

when i t  is being processed or waiting for an out-

standing I/O request to be completed.

28
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Once the scheduler has selected a job to execute , the

MONITOR then pe r fo rms  context  s w i t c h i n g . This is the last MON-

ITOR action of each clock interrupt . Context switching is the

restoration of all  hardware reg is te rs  to the conditions of the

selected program whe n it was last  in te r rup ted. Once control  is

given to a user program a f t e r  context swi tching , i t  may run un-

til the next clock interrupt , or until it becomes “blocked” .

Non-Cyclic Routines. The UUO-handler is responsible for

accepting requests for service by the user tasks via software-

implemented instruction s known as programmed operators (UUO5)

The UUO—h andler  is the only means by which a user task can give

control to the operating system in order to have a service per-

formcd . Contained in the user program are operation codes which ,

when executed , cause the hardware to transfer con trol to the UUO—

handler  for  processing . A f t e r  the UUO request has been processed ,

control is returned to the use r ’ s program fo1lowin ~ the UUO .

-
• 

Input/Output routines are called by the UUO-handler when

needed as specified by the user programs . The I/O r o u t i n e s  in

cooperation with the UUO-handler allows buffered as well as un-

• buffered I/O. Since the operating system handles communicat ion

-
• 

between the user program and the device , the user does not need

to know the pecu l i a r i t i e s  of the var ious  devi ces on the  s y s t e m .

The file handler manage s user and system data. Thus , this

dat a can be stored , retrieved , protected , and/or shared among

oth€ r users of the comput ing system . All files in the system are

uniquely identified not by physical address, but by n ame . Thus

they can be accessed and ident if ied by logical name rathe r t han

by phys ica l  address .

29
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O~~~r a t in g  ~~~~tem E f f e c t  on Performance 
-

The resource  a l l o c a t i o n  a lgo r i t hms  of the o p e r a t i n g

system of the DFCsystem-bO play an important role in the

performance of the system . Examples of the resource allo-

cation algorithms of the operating system are those which

define the scheduler and swapper. These were described

in a previous section . The values of several parameters

associated with the resc-urce allocation algorithms of the

operating system can be changed to cont rol the performance

of the system. Sonic of these parameters are as follows :

1. The total numbe r of users that can be active at

any time . This parameter is presently set at 40

at the Avionics Laboratory .

The quantum processing time that is given to a job

in the P01 run queue before it is requeued into the

round-robin P02 run queue . This parameter is pres-

entl y set at 1/20 second at the Avionics Laboratory.

3. The quantum processing time that is c-riven to a job

is the P02 run queue before it is requeued to the

back ci the P02 run queue . The va l ue ot this quan-

turn processing time is a function of the size of the

job.

4 .  PROT and PROTO . These p a r a m e ter s/ -~i t . t I , ~~ ret t o

control the swapping rate of t hr a ct  iv ’r jobe in the

system. /
/

/
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Survey of Tools and Techniques Availabl e

The Air Force Avionics Laboratory (AFAL) currentl y has

three software programs thst are used to measure the per-

formance of the DECsystem-lO . These three software programs

are described in thi s section .

SYSTAT. The SYSTAT program is a system program which

provides a summary report of the current a~ ate of the DEC-

system-b (Re f 6) . The basic function of the SYSTAT program

is to i d e n t i f y  all cur ren t  system users and to describe the

status of these users. Information provided by SYSTAT includes

the number of users currently logged onto the system , the iden-

tity of each user , the terminal identifier for each user , the

program each user is executing, the size of the program , its

s ta te  (swapped , execut ing , teletype , I/O wai t , e t c .)  , and the

total execution time for each user. In addition , SYSTAT pro-

vides information concerning the status of all busy devices,

file structure statistics , disk performance statistics , and

the st a t u s  of all remote  c~~a 4~. or~s.

~~ ACK. T[~ACK is a s o f t w a r e  program which  can be used to

monitor the progress and performance of i n d i v i d u a l  jobs and the

performance of the entire DECsystem-10. TRACK interrupts the

system at time intervals specified by a CPE analyst and accu-

mulation statistical data concerning system performance. The

length of time TRACK is active and the numbe r of interrupts

per report are also controlled by the CPF anal yst . Irifo rmat

gathered by TRACK during each report period is presented in a

statistical distribution format . TRACK current ly provides

the following performance informm~tion :
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1. Percent of time each processor is idl~~, and the

percent of processor time that is lost because no

runable jobs are in main memory .

2. The num ber of times context switching occurs.

3. The number of times user programs trap to the

operating system.

4.  The number of users logged on and their status

(r unable , teletype I/O , disk I/O, swapped , etc.).

METER. METER is a group of modules which allows CPE

analysts to implement software into the operating system of

the DECsystem-lO cleanly and efficiently and with a minimum

of- -interference with the rest of the system (Ref 7) . The

METER facility provides the interface necessary for perfor-

mance measurement modules to be added to the MONITOR as

needed . The METER facility consists of three types of

modules: 1.) meter points , 2.) meter point routines , and

3.) meter channel routines. Meter points are very small sec-

tions of code that act as sources of data when enabled , and

there can be any number of these scattered throughout the

operating system. Each time an active meter point is en-

countered , one word of data is supplied t - a meter point

routine which processes the word of data. This processing

might include attachment of meter point or time identifying

information to the word of data. The meter channel ro- i t m e

then delivers this informat ion to a user program where it is

stored in a buffer which i s  under  can t rol of t he  (
~PF andly st
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Summary

An overview of the DECsystem-l0 at the Avionics Lab-

oratory was presented in this chapter. Emphasis was placed

on the hardware configurat ion and operating system features

wh ich play significant roles in determining the performance

of the DECsystem-lO. Several parameters which can be set

to control the activities of the resource allocation alga-

rithrns of the operating system were identified. In addition ,

several programs which personnel at the Avionics Laboratory

currently use to measure the performance of the system were

discussed . It should he noted that these programs can only

be used to measure the per fr--mance of the DECsystem-lO .

Therefore , in following chapters , the emphasis will be on

CPF tools and tecm ii ques which can be used to optimize the

perfo rmance of the system for a given workload anc~ to predict

performance chances due to changes ir• the workload , hardware

configuration , or operating system of the DECSy;- t I c - - 10.
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III. ~~~~~~~~~ Performance  Evaluation

Since the early l970s , interest in computer performance

e v a l u a t i o n  ( CP E )  has burgeoned .  Th i s  i n t e res t  has c losely

pa ra l l e l ed  the  development  of computer  technology . The

increased v a r i e t y ,  c o mal e x i t y ,  use , and cost of computer

systems developed through the application of computer tech-

nology has greatly stimulated interest in computer performance

evaluation . Both economic and data processing requirement

considerations have necessitated that managers make wise

decisions in the procurement and management of computer

systems . Computer systems must adequately satisfy the data

processing requirements of an organization while being

operated cost—effectively and within budgetary constraints.

Unfortunately, the interest in and the economical imoor-

tance of computer performance evaluation has not yet lead to

the development of a theory of computer performance evaluation .

There are still a number of obstacles to overcome before corn-

puter performance evaluation can be considered a science. These

obstacles include “considerable differences amon g worke r s  in

performance in the definition of various performance measures ,

the scan ty of analytic methods for re l ating various perform-

ance measures to each other , and the lack of general methods

of scaling performance measures f r o m  one system to anot he r

(Ref 8:2).

Th* v a r i e t y  of ha r d war e  con f i  n u r a t  ions , ope rat  ir.q a yet e~ a ,

da t a process i no requi  r e m e n t  a , a nd goa l s  of c o r i p mm t  e m pe5- f or
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evalua t ion  has proven to be a major hindrance to the estabi-

lishment of a methodology for computer performance evaluation.

Computer performance evaluation is conducted within a specific

environment  and for  a spec i f i c  purpose . Each envi ronment ,

composed of the hardware configuration , the resource allo-

cat i on a lgor i thms of the opera t ing  system and the workload ,

is unique ; and the reasons for  evaluating computer perform-

ance va ry .  Therefo re , it has been difficult to establish

procedures and methods for computer performance evaluation

which apply to all situations.

Although development of a theory of computer perfo rman ce

evaluation or even a methodology for computer performance

evaluat ion has proven to be d i f f i c u l t, e f f o r t s  in t h i s  are a

have contributed to the understand ing an d deve lopmen t of

computer performance evaluat ion. Work in the CPE f i e l d

with in recent years has lead to the iden ti f ication of severa l

problems which are common to all CPE efforts , to the classi-

fication of computer performance evaluation s based on their

purpose , and to the development of a number  of CPE tools and

techn iques which can be used by CPE analysts. To illustrate

how recent advances in the CPE field can be applied in perfor-

mance evaluat ion of the DECsystem—lO and to identify CPE

tools and techniques which can be used most effect ively in

perfl)rrnar)ce evaluation of the DECsystem-l0 , an overview of

c e i T i p i m t ( ’ r  p e r f o r m a n c e  eva lua t ion  is presented in the  remainder

of t h i s  c h a p t e r .  This overview include s a review of workload

c h a r a c t e r i z a t i o n  and the  se lec t ion  of p e r f o r m a n c e  measures  as

_  _ _ __ _ _  
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problems which are common to all CPE eff orts , a description

of the purposes of computer performance evaluation , a review

of the pe r fo rmance goal s of an organ iza tion , and a summary

of the tools and techniques which can be used in computer

perfo rmance evaluation.

Workload Charac te r iza ti on

“Computer performance evaluation is a complex process

tha t  involves many analyses  and decision s” (Ref 9:1) . The

initial analysis that is required in all CPE efforts is the

definition of the environment in which computer performance

evaluation is to be performed. Computer performance evalua— ‘ -1
t ion is me an ingless  unless  discussed in r e la t ion  to a pa r t i c -

u l a r  data processing environment . This environment  is de f ined

through the descr ipt ion of the hardware  c o n f i g u r a t i o n  of the

computer system to be evaluated , its operating system (espec-

ially the resources allocation algorithms of the operating

sy stem) , and its workload . If sufficient vendor documentation

is ava i lab le , the hardware con f igu ra t i on  and operating system

of any given computer system can be adequately described . The
I

descr ipt ion of the DECsystem-lO presented in Chapter II is an

examp le of the hardwa re con f igurat ion and operating system de-

scription required before any CPE effort is undertaken . Unfor-

tunately, obtaining a description of the workload is not easy.

The workload processed by a computer system is a repre-

sentatiori of the data processing requirements of the using

• organization . The workload is characterized by the t y pe and

36
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amount of system resources that are demanded by the us ing

organiza ti on . Examples of parameters which are used in

workload characterization are presented in Table I.

In mode rn computer systems , the demands for system re-

sources vary widely and are very unpredictable. Resource

demand f luc tua t ion  is related to the number of users of a

computer system , the variety of their data processing re-

quirements , their  access to the resources of the system ,

and the resource allocation algorithms of the operating

system. Workload fluctuations tend to be greater in time-

sharing systems like the DECsystem-lO than in batch systems

because each user has direct access to the computer syst em .

This unpredictable workload f l u c t u a t i o n  make s work load

character ization extremely d i f f i c u l t .

Measure s of Performance

The per forman ce of a computer system is de te rmined  by

its ab i l i ty  to respond adequately to the data process ing

requirements of its user organization (Ref 10:3) . The

ambiguity of “adequate response ” allows d if f e r e nt people to

use d i f f e r e n t  c r i t e r ia  to measure the pe r fo rmance  of a com-

puter system. While a hardware engineer may measure the

per fo rmance  of a computer system by the uti l izat ion levels

of its var ious ha rdwa re components , an ADP manager may inca-

sure computer system performance by the total number of jobs

executed in a given time period , and a programme r may

m e a s u r e  computer  system pe r fo rmance  by the  t i m e  r equ i red  to

process his program. All of these measures of performance

L - --. ~~~~~~~~~~~~~~ 5- • • •~~~~~~ • • 5 -~~~~~~ • f --------—---•-~~~~~~~~~ - — 5 - 5 - -



Table I

Workload Char acterization

Workload Parameters 
— 

Description

Job CPU time Total CPU time requested by a
sing le job*

Job I/O requests Total number of I/O operation s
requested by a single job

CPU service time CPU time reciuired to process a
single CPU task

I/O service time I/O time required to process a
single I/O task

Interarrival time Time between two successive
requests for a system service

Priority Priority assigned to a job by
the user

Bloc ked time Time a job is incapable of
receiving CPU service

Memory requests Amount of memory requested by a
single job

Working set size Number of pages of a single job
that must be kept in the main
memory

Loca l i t y  of reference Times for which all memory refer—
ences made by a single j-± remain
w i t h i n  a s ingle  page or a set of
pages

User response t ime Time needed by a user at an
interactive terminal to generate
a new request

User intensity Processing time per request /
user response time

Number of Number of interactive users
simultaneous users logged concurrently -~~~~~

Number in the system Numbe r of jobs or tasks being
serviced or waiting in queues for
system resources

Instruction mix Relative frequencies of different
types of instruction s the system
must execute

*In an interactive system , each terminal command is
assumed to represent a new job.

(From Ref 9 :12— 13)
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are va l id .  The refore , an i n i t i a l  decision of every computer

performance evaluation is the establishment of a set of per-

formance measures upon which the evaluation can be based.

Performance measures are usually described as measures

of effectiveness or efficiency. Effectiveness measures de-

scribe how the computer system handles data processing require-

ments from the viewpoint of the user. Efficiency measures

describe how the computer system uses its resources to satisfy 
• -

resource demands. Some performance measures of system effect-

iveness are presented in Table II. Some performance measures

of system e f f i c i e n c y  ar e  presented in Table III.

Class i f i ca t ion

The performance measures that are selected for use in

a CPE effort depend on the purpose of the evaluation . Com-

puter performance evaluat ions are undertaken for a number of

reasons . The classical classification of the purposes of com-

puter performance evaluation is selection evaluation , perform-

ance project ion , and performance monitoring (Ref ll:79-80~ .

Selection Evaluation. Selection evaluation is the use

of computer performance evaluat ion  techniques  t o  evaluate  the

performance of the hardware and system sof tware  of an e x i s t i n g

computer . Selection evaluation can be used to classify corn-

puters according to performance and to select a computer

system from a vendor when performance is a major criterion .

Select ion eva lua t ion  is t h u s  l imited to e x i s t i n g  computer

systems .
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Table II

Measures of System Effectiveness

Performance Measure Description 
______

Throughput Amoun t of useful work completed
per unit of time with a given
workload

Relative throughput Elapsed time required to process
given w:rkload on system Sl /
elapsed time required to process
the same workload on system S2

Capabi l i ty  ( capac i ty )  Maximum amount of u s e f u l  work
that can be performed per unit of
time with given workload

Turnaround time Elapsed time between submitting
a job* to a sys tem and rece iv ing
the output

Response time Turnaround time of requests and
transactions in an interactive
or a real time system

Availability Percentage of time a system is
available to users

*In an interactive system , each terminal command is
assumed to represent a new job .

(F rom Ref 9 :16)
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Table III
Measures of System Efficiency

Performance Measure 
_______  

Description -_____

External delay factor Job turnaround time /
job processing time

Elapsed time Turnaround time of a job under
multi programming / turnaround
time of this job when it is the
only job in the system

Gain fac tor  Total  system t ime * needed to
execute a set of job s  under
m u l t i p r o g r a m m i n g  / total system
time needed to execute the same
set s e q u e n t i a l l y

CPU productivity Percent of t ine a CPU is
doing useful work (used as a
measure em throu cr tiput)

Component overlap Percent of time twe “~ore
system components opL rate - 

-

simultaneously

System utility Weiqhted sum of utiliz atio n , of
syster resources

Overhead Percent of CPU time required by
the opera t ing  sys tem

Internal delay factor Processing time of a job under
multiprogramming / processing
time of this job when it is the
only job in the system

Reaction time Time between entering the last
charac te r  on a t e r m i n a l  cr
rece iv ing  the input  in the sys tem
and receivinr-r first CPU quantum

Wait t ime for I/O Elapsed time required te process
an I/O task 

• -
~

Wait time for CPU Elapsed time required to process
a CPU task

Page fault frequency Number of page faults per unit
of time

*system time is the time when at least one of the
system ’ s processors is busy.

(From Ref ~ :1 7-U’~)
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Ct ,)t  c -j n c’e Pr o jgc t ion . Per fo rmance  p r o j e c t i on  r e f e r s

to the use I~~~{ p erf or: -unco e v a l u a t i o n  t e c h n i q u e s  to p red ict

the p e r f o rm a n c e  of a n o n e x i s t e n t  computer  s y s t em .  P e r f o r m a n c e

projection is beneficial in the design of new system hardware

and software . Using performance projection techn ique s, the

performance of new designs can be evaluated curing develop- • 

I
meat rather than after implementation . Performance proje t ion

is also beneficial in predicting the perforrance i c - n - ct of

changes in the hardware , operating system , or work i oad of an

existing system before the changes are ‘A p l ementca .

Performance Monitorigg. Performance monitoring describe s

the use of computer performance evaluation ~technique s to

collect data  on the ac tua l  pe r fo rmance  of an e x i s t i n g  corn-

puter system. Such data can also be used to determine whether

a computer system is opera t ing  w i t h i n  con t ro l  l im i t s  estab-

l ished by the  managers  of the us ing  o r g a n i z a t i on . If  con t ro l

limits are being exceeded , this data can assist in determining

the causes of the control limit excesses (Ref 12) .

Performance Optimizat ion . In addition to selection

eva lua t ion , pe r fo rmance  p ro j ec t ion , and p e r f o r m a n c e  m o n i t o r i n g,

performance optimization is another impor t r .nt  purpose  of corn-

puter performance evaluation efforts (Ref 1 ~:22) . Performance

optimization techniques are used to improve the performance of I
a g i v e n  compute r  sys tem wi thou t  c h a n g i ng  the ha rdware  c o n f i gu-

r a t ion  or the workload of the comnutc’r sys tem.  P e r f o r m a n c e  is

optimized with respect to the adjust able par~n -e t er s  of the oper—

-it i nq sys tem ( i n — c o r e — p r o t e c t  -t ime , quant urn run t i me , m u l t  i -

-- promrramminq leve l , etc.).
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Performance Goals

Automated data processing (ADP) managers will sometimes

initiate a computer performance evaluation for one of the

specific reasons listed above . For example , the ADP manager

might initiate a CPE effort to tune the resource allocation

algorithms of the operating system for a given workload

(performance optimization ) . However , the normal performance

goals of an organization are not usually this limited in

scope . The performance goals of an organization tend to be

broad in scope and related to the performance measures of

system effectiveness. For examp le , the ADP manager might

wish to increase the response time (time—sharing system) or

throughput level (batch system) of his computer system for a

specific workload . Alternat ively, he miqht wish to maintain

an acceptable response time or throug hput level while in-

creasing the workload on the system .

To successfully achieve his performance goals , the ADP

manager ’ s CPE effort might necessitate performance optimiza-

tion , mea surec-ent, and projection evaluations if not selection
I

evaluation . To improve response time the ADP mana’ier might

initiate a performance optimization evaluation . If this

approach proved unsucces s fu l , he migh t  then conduct  a pe r-

formance projection evaluation to identify performance

improving  and c o s t — e f f e c t i v e  system upgrade  a l t e r n a t i v e s .

However , successful performance optimization and performance

projection evaluations both include many of the concepts and

techniques associated with performance monitoring . For example ,
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— it is impossibl e to evaluate the performance effects of

changes to the resource allocation algorithm parameters

wi thou t  m e a s u r i n g  the p e r for m~ re of the sys tem before and

a f t e r  the changes have been i m p l e m e n te d .  Thus , the achieve-

ment of the normal performance goals of an organization re-

quires the development and use of a variety of tools and

techniques which support corrouter performance ev~ J uations

conducted for a numbe r of specific reasons .

Tools and Techn±g~ies

A f t e r  the e nv i r o n m e r t  ir. which computer  pe r fo rmance

e v a l u a t i o n  is to t ake  place , the performance measur- s , and 5-

the performance goals have been established , various CPE

tools and techniques can be used to identify the factors

within the computing environment which utf~~~t the performance

measures. Computer performance evaluation tools and tech-

nique can also be used to describe the relationshi p between

H these factors and the performance measures. The techniques

used in computer performance evaluation are similar to anal-

ysis and evaluation techniques used in othe r f i e l d s  of science

and include stati~ tical sampling, regression analysis , si mu-

lation , etc . (Ref 9:1).

A ‘r it i c a l  dec i s ion  in  any computer  p e r f o r m a n c e  eval uati on

is the se lect ion of the CPE tools and technicnmc’s to be used in

the evaluation . Many of the CPE tools and t e c~in i gues are comi •-

p l e r n e n t a r y , and the ach ievemen t  of p e r f o r m a n c e  r e a l s  u s u a l l y

requi res the use of severa l of these ~ I~e1S and techniques.
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The choice of the CPE tools and techn iques to be used in a

particular computer performance evaluation- and the utility

of these tools in the evaluatior are determined by the per-

formance goals of the using organization and the experience

of the CPE analysts handling the computer performance evalu—

ation . A summary of current CPE tools and techniques is

presented  below.

I n s t r u c t i o n  Mi xe s. I n s t r u c t i o n  mi xes are  used in the

e v a l u a t i o n  of the per formance  of cen t ra l  p rocess ing  un i t s

(CPUs) . The performance measure obtained from instruction

mixes is the “average instruction time ” for the CPU heino

evalua ted . “Average instruction time ’ is obtained from the

execution time of each instruction in the instruction set

of the CPU weighted by a frequency distribution of the

occurrence of the instructions in a workload (Ref 14:64).

The frequency diet ribut ion of instruction usage can be ob-

tam ed through statistical sampling techni ques if the CPU

exists within a computer system which can process the given

workload . Otherwise , the frequency distribution of instruc-

tion usage for the workload m ust be estimated.

Instruction mixe s have limited usage as CPF tools. -
~~~~

Instruction mixes can be used in selection evaluation to

compare the relative performance merit of v a r i o u s  c’PUs. They

can also he used in p e r f o r m a n ce  p r o j e c t i o n  to p red ic t  t h e

performance of a new CPU relative t o  a (liven w er k l o a d . 110w-

eve r , ine truc -t ion mixe s have several major lim i t ations .

( r ( r it lo f l  of  f req~~~n c v  d i ~~tr i~~t i t i o r if it t r w  t ion Usan~~~~~~~~~~~~~~~~~~~~~~~~~~ i
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4 is sub j ec t i ve  unless  the  workload can be sampled wh.J e beir .q

p rocessed on the CPUs heinc-i e v a l u a t ed .  I r s t r u c t i o n  m i x e s

conside r only one of the m a ny  p e r f o r m a n c e  c h a r a c t e r i s t i c s  of

compute r sy stems , and i n p u t/ o u t p u t  i n s t r u c t i o ns are usually

not included in instruction mixes (Ref 11:82).

}Kernal Programs. Kernal analysis is a technique which

• is  used to model work loads .  In kernal  ana lys i s , p rograms

which  represent  a c e r t a i n  subset of the worklc~nd are act u a l l y

coded . Portions of the workload selected for representation

in ke rnal programs are a c t i v i t i e s  t h a t  take  the  m ost t ime  to

execute, are executed the most frequentl y, or are critical

to the execution of the rest of the workload (Ref 14:79-81).

Ke rna l  programs are t imed based on a m a n u f a c t u r e r ’ s pub l i shed

execution times for each instruction contained in the kernal

programs . These execu t ion  t imes  are used as a p e r f o r m a n c e

measure in computer performance evaluation .

- 
Although kernal programs are more beneficial in computer

performance evaluation than instruction mixes , their utility

— 
as CPF tools is limited. Kernal programs include some per-

formance characteristics of computers that a r e n ’t included

in instruction mixes. Some of these performance characteristics

are memory addressing logic , indirect addressing capabilit~~es ,

and the numbe r of available index r eel  st ers (hef 11:82) . T l i -

H performance measure of execution t ime can be used in the selec-

t- ~on e v a l u a t i o n  of various CPUs and t he p - n o r c -  ir ce -o r eject ion

of new CPUs . Problems in using ke r na l  n r o qr ic - : e  as OPF t oilS
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are the d i f f i c u l t y  in  d e t e r m i n i n g  the  a p p r o p r i a t e  subset  of - 
-

the total workload to be represented in the  ke rna l  p rograms

and the i n f l u e n c e  of the programmers ’ exper ience  on the

execut ion  t imes  obtained from the kernal proqrams (Ref

14:82—83)

B enchmarks .  Ben chmar k i n g  is t he t r a d i t i o n a l  t echnique

used in computer pe r fo rmance  eva lua t i on  to model  w o r k l o a d s .

A benchmark is ‘ a job or set of jobs that represents a

typical workload” of the computer system to be evaluated

(Ref 9:55) . When executed , a good benchmark should oer-erate

the same resource demands within the computer :;vetem that

the workload being modeled would generate. Ren ehc - arks are

usually composed of jobs that alread y exist and are par t

— of the workload. Selection of the jobs to he ir.cluded in

a benchmark can be accomplished throug h cluster analysis.

All jobs in the workload are grouped into various (-lasses

based on their resource demands (workload characteristics).

The job whose resource demands c-oct closely appr oxi c - ate the

resource demand characteristics of its class is select ed for

inclusion in the benchmark. The s e l e - t , - - i job is also w e i q i t l e

according to the percentage of the w o r k l o a d  t ta t i~ ~ pr cents.

•1

P nchmarks are commonly Use m m r c n i-~p~~ t ‘ - r  per fom :- , r c e  i-va 1 —

uations related to select ion ev a l u i t m s. ar. 1 r - . r - i c -  ance I~~~~~~t J i i i  —

z at i o n . Here -h mar}’s can P nun on di f f - i  p t  cur t t i t e t  5VSt  e1115

to obtain p ’’rforri ince c-en su res  w h i c h  c o t  ~~
. ue~ ’i t o

t h e  r y r ; t e m s . !t -n chc - aiks c—en al s o  be , > O~~~~~~~1 b e t-o ’ - an-i aft

r e source  a l l o c at  ion alqor it hr’ p a r o . - t ens ar e  - h i ’ :~~- r  m l .  I’l O I l  

------- - - - --- — ----—-.-- 5---- _ _ _



-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- T~~T
’ ’ TTTT- ’

~~~~~ 
- - —

F

to determine the effect that the changes have on performance

measures. Benchmarks also have a limited application in per—

formance project ion studies. If proposed changes to a com-

puter sys t em are the only architectural difference between

-‘ it and a second computer system , a benchmark could be exe-

cuted on the second system to predict the effect that the

proposed changes would have on performance measures. Estab-

lished benchmarks can also be altered and executed to predict

the effect that workload changes would have on performance

measures.

Benchmarks have several disadvantages and limitations

as CPE tools. The workload of modern computer systems is

usually complex and variable. Therefore , development of

reliable benchmarks is difficult and cost]y. Usually a bench-

mark must represent numerous types of jobs , and seldom is

there one job that is truly representative of a job type .

In addition , many jobs can not be used in benchmarks because

they make permanent changes to the computer system when they

- I

are executed (upda te  permanent  f i l e s)  . Benchmark s  are also

u s u a l l y  sys tem dependent and must be modified for each computer

system evaluated (Ref 9:56 , 11:84).

Syp~~hetic  Jobs. Benchmarks which are composed of syn-

thetic jobs rathe r than app lication jobs can be used in

compute r  p e r f o r m a n ce e v a l u a t i o n s .  Sy n t h e t i c  jobs  use  re-

sources and p e r f o r m  f u n c t i o n s , hut they do not do any useful

- work . A set of p a r a m e t e r s  which  can he used t o  cont  rol  t he

type  and a m o u n t  of r esources  t h a t  a sy n t h et  ic j o b  w i l l  u se is

48
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4 usually incorporated into the programs which represent syn—

thetic jobs . These parameters usually control the amount

of memory , aniount of CPU time , numbe r of I/Os , etc. that

are requested by a synthetic job. Once the workload classi-

fication according to resource demands is determined , synthetic

jobs with appropriate control parameter settings can be used

• to represent the ‘ typical ” job described by each resource

demand class.

Some of the technical problems normally associated with

benchmarks are solved through the use of synthetic jobs rather

than application jobs in workload characterization . Bench-

marks composed of synthetic jobs are more flexible and less

costly to develop and maintain than benchmarks composed of

application jobs. It is also easier to transport synthetic

benchmarks between computer systems .

Software Monitors . Softwa re monitors are progn arc -ic- which

monitor the activities within a computer system. Since soft-

ware monitors reside in memory , they have access to any infor-

mation contained in the memory or CPU registers of the computer

system being monitored. Software monitors can thus examine

any of the tables maintained by the ope r at i n g  sy st  c -Itt . Front

these tables software monitors can obtain information which

defines the state of the system at any given time . Software

m o ni t o r s  can g a t h e r  i n f o r m a t i o n  on ment o r \’ usage , I enot h anu

contents of sys tem queues , status of peripheral devices , etc.

Soft wire monitor s are eithe r t I mit e—driven or (vent— driven.

Ii  I C - — d r i v e n  s o f t w a re  m o n it  ors i n t e r r u p t  t h e  (- - n t r a l  proc ’-ssor

L’ 41) 
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at specified time intervals and gather information concerning

the state of the system at that time . Although the sampling

rate is constant , the samples can be considered to be random

since the sample rate is much slower than the rate at

which the state of the system changes. Between samples , the

state of the system is assumed to have unpredictably changed

states many times. “Therefore , in computer sampling, ran—

domness is obtained through the large and unknown number of

changes of state between samp~ es rather than through random

timing of examinations “ (Re f 1 5 : 2 4) .  The programs TRACK and

SYSTAT , whi ch were described in Chapter II , are time-driven

software monitors for the DECsystem-lO.

Event—driven software monitors are executed only when a

speci f ied  event occurs .  Arm event—driven software monitor

gathers data related to the event which caused its execut ion

or the stat e of the system when the event occur red . Ihe use

of event—driven software monitors requires that the operating

system be modified to include traps (code to transfer cont rol)

to the software monitor. The implementation of such t raps

requires intimate knowledge of the operating system , and they

may generate errors if they are not carefully coded and tested.

Although event-driven software monitors are more difficult to

implement than time—driven software monitors , t hey trust be

used if deterministic results rathe r t han statist ical results

are r e q u i r e d .  The program MFTER , w h i c h  w as described in

Chapter  II , is an event -d r iven  s o f t w a r e  m o n i t o r  for t h e  DEC-

Syt -1 t ( S i — I  0 .

50
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The ability to obtain measures of performance is a vital

requirement in almost every computer performance evaluation .

For this reason , and because they are relatively cheap and

easy to develop, software monitors are a very popular CPE

tool . However , they do have several disadvantages . Since

software monitors are programs , they must be supported by the

system being monitored. They require memory , CPU time , and

I/O capabilities. Thus , the resource demands of a software

monitor may distort the very data that it is qatherinc :. This

phenomenon is called monitor artifact (Ref 9:82). To minimize

monitor artifact , most software monitors gather data on-line

but do any necessary data reduction or analysis after the

completion of the monitoring period . M o n i t o r  a r t i f a c t  also

l im i t s  the amoun t of data that can be gathered and the samm i pling

rate of time-driven software monitors. Another disadvantage of

software monitors is that they are system dependent . Sirce

they obtain their data from the tables maintained by the ope r-

ating system , they must be modified whenever the operatirq

system is modified . They also can ’t he used on a systetr w i t h

a different operating system. The concepts of software moni-

toring are transportabl e but the code isn ’t.

Hardware Monitors . Hardware monitors are ot her t ools

which can be used to monitor the activities of a cot- p u t em

s y s t e m .  Hardware  m o n i t o r s  have t r a d i t i o n a l l y  P i n  s e l f -

supporting devices that use high impedence proP~ s to sense

elect ronic signals in the ci r cuu try of the com impu t en cyst em

hejnq monitored . Thus , a h a r d w a r e  r i e r : i t o r  i s  t hoe i  ~-t i cally

51
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capable of measuring any event which is represented by some

elect ronic  signal .

The basic hardware moni tor  consists of high impedence

probes to sense signals , a combinational logic  u n i t , counters ,

a magnetic tape for storage of data , and possibly some com—

parison capabilities (Ref 16:25—31). After a signal is

sensed , it is routed through the combinat ional logic unit.

In the logic unit , logical operations are performed between 
- 

-

the signal and various other signals to indicate an event .

For example , if one probe which measures processor activity

and one probe which measures channel activitiy are fed into

a “AND” unit , then the resultant event signal represents

processor and channel activity overlap . These event signals

tri gger counters which accumulate the number of occurrences

of the various events being monitored . Periodically, the

contents of the counters are stored on the magnetic tape for

later reduction and analysis. If a hardware monitor has com-

parison logic and bit -parallel probes, it can compare the

contents of CPU registers (memory address register , instruction

coun ter , etc.) with the contents of bound reg isters located

in the hardware monitor to indicate the occurrence of an

event of interest . This event could be the execution of a

routine , for example.

Within recent years , the sophisticat i c - n  of h a r d w a r e  mon-

i t o r s  has increased beyond the simp le c l I m n a l  r ecorde r d esc r i be d

52
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above. Hardware monitors are currently available that are

incorporated with a minicomputer. Memory modules are used

as banks of counters , and the combinational loqic , which

had been programmed through plug boards , is software controlled.

Data reduct ion  and analysis are performed on-line to support

comprehensive r e a l - t i m e  disp la y s of the recorded data.

Hardware mon i to r s  are impor tan t  CPE tools because , like

software monitors , they support the measurement requirements

necessary in almost eve r y computer performance evaluation .

Har dware monitors also have two advan tages over sof tware

monitors. Since hardware monitors only sense binary signals ,

they can be used with a variety of operating systems and a

variety of computer systems. Although CPE analysts must be

familiar with each system being evaluated , a new measurement

tool does not have to be developed for each system. Since

hardware monitors operate independently of the computer system

being m o n i t o r e d , t hey  do not inject any monitor artifact into

the performance of the system. The major disadvantage of

hardware monitors is their relatively high cost and the need

for experienced engineers who can attach the probes to the 
- 

-

appropriate locations in the hardware architecture of the com-

puter being m o n i t o r e d .  In a d d i t i o n , h a r d w a r e  m o n i t o r s  can  t

access some of the data available to software monitors (queue

lengths , state of individual jobs , etc.).

Models. Modeling is one of the most popular and most

effective CPE techn ique currently available. Some of the

reasons t.hat modeling is such an effect ive (‘P!- technique are

as f o l l o w s  (Re f 17:11)  

- - -. —--— - - ~~~~~~~~~~~~~~~~ —- .. - -- — - — -- ~~~~~~~~- -~~~~— — - ---- __
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1. Modeling provides a framework for testing the

d e s i r a b i l i t y  of sys tem m o d i f i c a t i o n.

2 .  Models of the system are eas ie r  to m a n i p u l a t e

than the system itself.

3. Model ing expedia tes  the speed w i t h  which  an

analysis of the system can be accomplished.

4. Modeling permits control over more sources of

variation than direct study of the system would

al low .

Simulation and analytic modeling are the two techniques

used to model computer systems . Both are important techniques

of computer performance evaluation . They can be used in CPE

efforts related to selection evaluation , performance projec-

tion , and performan ce optimization . Simulat ion and analytic

modeling are important because they provide insight into the

functioning of the computer system being evaluated. Unlike

other techniques of computer per formance  e v a l u a t i o n , the

modeling techniques are not solely used to provi de workload

characterizat ions or performan ce measurements. Rathe r , they

also at tempt to provide ins igh t  i n t o  the cause and e f f e c t  re--

l a t ionsh ips  in a computer  system which i n f l u e n ce performance .

A discussion of simulation will be presented in Chapter IV ,

and a discussion of analytic modeling will be presented in

Ch apter  V. H

An overview of c o m p u t e r  perform tmance evalu it ion has been
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presented in this chapter. This overview included a review

~ f workload characterization , performance measures , perfor—

mance goals , and (‘P1- tools  and techniques. As illustrated

in t h i s  - - L a r - ~~er , t h e  a v a i l a b l e  CPE tools  and techniques coul d

be and sho u l a  1 , - usea by AFAL personnel in arriving at a

s o l u t i o n  ‘o ‘ ‘le ! 1 -r f o r m a n c e  problems of the DECsystem—lO at

t he .-
‘- } - - - . . 

5- houg h t Lt AFAL has several so f tware  moni tors

( ThAc ’~~, ~t VS T A T , and ‘- W 1 F i ~) , t h e y  do not have any s imula t ion

a r a v ~~ic rnodelir .g tGols wh ich could be used in performance

opt m i /at ion and p~~r f o~~t : - .ance p r o j e c t i o n  s tudies . For th i s

r~ -as s~ , t h c -  t e ch n i q u e s  of s i m u l a t i o n  and analytic modeling

will be presented in the following chapters. Following these

chapters will be a description of an analytic model of a

time-sharing computer system that could be used by the AFAL

f o r  computer  performance eva lua t ion  of the DECsys tem- lO .
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IV . Simulation of Co~~~~~~~ Systems

To solve the performance problems of large-scale time-

sharing computer systems like the DECsystem—l0 usually re-

quires CPE efforts relatcu to performance optimization and

performance prediction as well as performance monitoring .

Successful performance optimization (the optimizat ion of the

performance of a computer system for a given workload and

hardware corfigurat ion) and reliable performance projection

(the prediction of performance changes due to hardware con-

figuration , operating system , or workload changes) both

require a knowledge of the cause and effect relationships that

ex i s t  in the computer system being evaluated. Unfortunately,

the complexity of modern computer systems makes it difficult

for CPE analysts to understand the behavior of these systems .

Modeling can be used as a computer performance evaluation tool 
I
t

by CPF analysts to identify and study the factors and relation-

ships in a computer system that influence performance .

As stated in Chapter III , one of the major approaches to

computer system modeling is simulation . Simulation has been

def in ed as “the act of representino some aspects of the real

world by numbers or symbols which may be easily manipulated to

facilitate their study ” (Ref 18:1). Simulation is widely used

as an investigative too l to study the behavior of systemus as

diverse as oil refineries , traffic contr o l patterns , and re-

lation:; between nations. As used itt this t hesis , simulation

means the ,t (-t of r e p r e s e n t i ng  a I- I ) t t} r O t en s y s t em  by a symbol i c

56
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model that can simulate the behavior of a specified computer

system for a specific workload and collect the necessary data

required for performance analysis. Unlike analytic modeling,

the other main approach to computer system modeling, simula-

tion is not restricted to the use of models of computer sys-

tems that are based on closed form mathematical expressions

of system behavior. Therefore , simulations may include any

level of detail necessary to reproduce system behavior real-

istically since the system s im np l i f i c a t i o n s  t ha t  are  requi red

in anal’1t i c  r-.odelmnq are not necessary  in s i m u l a t i o n .

1 ’C5c-pu t or ~t t : -  - ‘-~cJ  -

In simulat~~on , a cclm’ puter system is modeled as a collec-

tion of related entities characterized by a t t r i b u t e s  (Re f 1 7 : 4)

Entities are objects. They may be jobs , tasks , requests for

-

- system resources , peripheral devices , peripheral device con-

trollers , CPUs , etc.  En t i t i e s  w h i c h  represent  sys tem re—

sources (CPUs , memory units , etc.) are also sometimes referred

• to as facilities. Each entity in the model is described by

its attributes. The attributes of a job entity might i: c lude

its priority, memory requirement , processing time requirement ,

etc .  The a t t r i b u t e s  of a d i s k  u n i t  e n t i t y  i t i g ht i n c l u d e  i t s
S

storage capacity , its rotational speed , its average seek time ,

e tc .

In a d di t i o n  1-0 t h e i r  a t t r i b u t es , e n t i t i e s  a re  c h a r a c t e r i z e d

by sets (Ref 14:146). Sets are groups of ent ities which have

at least one common characteristic. T~on examp le , or entit y

57
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representing a disk controller could be a number of a set of

entities representing all disk controllers in the system.

An e n t i t y  r ep re sen t ing  a job  coul d be a membe r of a set of

entities representing jobs r~�questing main memory .

In addition to belonging to sets , entities may also own

sets. Set ownership implies control of the entities in the

• set . For example , the entity representing the disk controller

could be the owner of a set containing entities representing

all disk units attached to the disk controller. Likewise ,

an entity representing a processor could own a set composed

of entities representing jobs which are waiting to be executed.

In thi s case , the set would be equivalent to a CPU queue in the

actual computer system. The DECsystem—lO run queues , PQ1 and

PQ2 , could thus be realistically represented as sets in a

sim ulation of the DECsystem-lO .

Model States

The collection of entities , the values of their attributes ,

and their membership in sets is a static model of a computer

• system . This entity structure models the “cur rent 1’ status of

the workload , the hardware components , and the queueing struc-

ture of a computer system during simulation . In simulat ~on ,

the state of a computer system at an inst- ant in simulated time

is defined by the entity structure. The state changes of a

computer system are modeled by t he  changes which occur to the

entity structure over simulated time . In addition , since the

behavior of a computer system is det ermined by its at ate c h i r t l te s
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over elansed time , the behavior of a computer system is also

modeled by the changes which occur to the entity structure

over s i m u l a t e d  t ime .

Changes w h i c h  occur to the e n t i t y  s tr u c t u r e  d u r i n g  simu-

lat ion include changes in the numbe r and type of active

ent i t i e s , the  va lue  of e n t i t y  a t t r i b u t e s, and the set assi gn- I
ment of e n t i t i e s  (Re f 1 4 : 1 4 6 — 1 4 7 ) .  E n t i t i e s  w h i c h  r epresen t

the workload are usually created an d de s t royed  to  model t h e~

i n i t i a t i o n  and subsequent  com p letion of jobs or tasks .

Although entities which represent system resources (facilities)

are established at the start of simulation , they may also be

destroyed. For example , an entity which represents a disk

unit might be destroyed to model its hardware failure . The

value of the attributes associated with each entity are chanç’ .3

to model computer system activity. If a job entity has a

processing—received attribute , then the value of this attri-

bute would be increased to in hicate any processira received by

the  j o b  e n t i t y .

Sets which model the hard ware configuration of the corn-

puter system are not usually changed durin t simulat ion . 1- 10w --

eve n , sets associated with job or task ent i t  ies a re  dynomt:i c.

Job or t a sk  e n t i t i e s  are inc luded  in sets or d e l e t e d  from :te~~s

to model their flow through the computer --- s t em. For ex a .p le ,

a job may be associated with a set - of all jobs r.eedinq core .

H o w e ver ,  once ’ a j o b  r e c e i v e s  ‘c -r e  - i t  i s r et - loves  fin n t 1:1 set

since it S charact - -ris t ics no loneer act no w i  I h t LI  I -ha  r a l - t  e m  -

i st  i r s  of the o t h e r  member s  of t h e  c i t . Tn a smmu l at i or. of tb ,-

Si
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• DECsystem—lO , the addition of job entities to sets and the

deletion of job entities fr ~ . a- ts could be used to represent

the transfer of jobs among the various system queues (run

queue , teletype I/O queue , disk I/O queue , etc.).

State Contro l

A lt h o uq h the  e n t i t y  s t r u c tu r e  r e p r e s ent s  t h e  s ta te  of

the  corspu t  e r  syst or- : model at any inst ant in sirnul ated time ,

anothe r s t r uc tu r e  is  r e q u i re~ in sim ulation to control the

s t a t e  changes of the mode l .  Whereas  t h e  e n t i t y  s t r u c t u r e

models the workload , hardware configuration , and queueing

structure of a computer system , this additional structure

models the resource allocation algorithms associated with

the ope ra t i ng  sys tem of the computer  system . rilhis s t r u c t u r e

is composed of two sets of r u l es .  The f i r s t  set of ru les

describes the mathematical relationships t hat exist between

the attributes associated with entities (Ref 17:23). For

example , a mathematical relationshi p exists between the

.4 memory-a l loca ted  a t t r i b u t e  of a j o b  e n t i t y  and the rr:ernory-

available attribute of the memory unit entit y. The modeling

of core allocation requi res that the memory—allocated attri-

bute of the job entity be increased and t i-u m e m o r y- a v a i l a b l e

attribute of the memory unit entity be decreased by the amount

of core allocat ed to the job entity. This m a t h t -r ~~mt ic al r e l  a-

tionshi p thus controls the state- change associat ed with come

allocat ion .

The second set of rules t ha t  coflt  t I l l S  stat e I } l , ( f l I j O  I r~

60 
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the computer system model defines the log ical relationships

t h a t  are used to de te rmine  1-he actions simulated in the model

(Ref 17:24). The logical relationships define the actions

to be taken i f  a cond i t ion  ex i s t s  and the a l t e r n a t i v e  act ion s

to be taken if a condition does not exist. The logical rela-

tionships actuall y control the flow of jobs or tasks through

the com puter system model. For example , if a C’PU becomes

idle , the next action associated with the CPU is eithe r the

execu t ion  of ano the r  t a s k  or the  i n i t i a t i o n  of a wai t  s t a t e

fo r the  CPU. The c o n d i t i o n  w h i c h  c o n t r o l s  these two actions

is the  nu mber of e n t  jt ies ( t a s k s )  grouped in a set reserved

for entities (tasks) t h ~ t r , seu i r - p r o c e s s i ng  t i m e . I f  no

t a sks  rect a ir e  process 01 7 , t h e  C_ PU is p laced  in the  w a i t  s t a t e .

Othe rwise , one of the jobs waitins for processine ti r- e is

s e l e c t e d  fo r e x e c u t i o n .  and the CPU is p laced  in  an ext -c u t  ion

state. Logical relationships also define the order in whic h

entities are placed in and removed fret: . sets. Examp les of

these logical relationships or tas ) selection rum 1~ -s are firs t

come first serve , last come first serve , longest in queue first

serve , etc .

Di cc net i- I vent ~ I nii m l a t i C_fl

Ch anges in the s t a t - of a systerri r a y  occur cent i n u o u s l y

ove r time or at discrete poi tts in t ime . Sin c e  the a c t i v i t i e s

of 1- rIte-sca le computer systems like t he nFcsy~ t i’m -- b are

(-li n t r o l  l e d  Dv a . ,v~~t er r:  clock , - I a t e  chances in ‘c - I t  la ter systems

occur ,it d i s c r e te m oments in t irr:e . T h e n ’ f c - m ’ , i n s i m u l a t i on ,

6 1
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computer systems are modeled appropriately by discrete event

s i m u l a t i o n . Discre te  event s i m u l a t i o n  is the modeling of

computer systems in which state changes that occur as a re-

sult of changes in the entity structure of the model are

represented by a collection of discrete events. Discrete

events are the actions that result fret- the application of

• the logical relat ionship rules of the compute r system being

simulated to the entity structure of the model . Thus , dis-

crete simulation implement s the concepts of an entit-y

s t r u c t u r e  and a a ra t h e m a t i c a l  and locica l  r e l a t i o n s h i p  s t ruc -

ture to model computer systems .

Queueinq~ Models. Discrete event simulation s of computer

systems normally model computer systems as queueing systems .

A queueing system consists of a network of service centers ,

tasks which demand service at the service centers , and a

set of rules that govern the order in which tasks waitinc for

service at the  service cen t e r s  are select  ed f o r  s e r v i c i n g .

The validity of such a modeline approach for computer systems

is suppor ted by the s t r u c t u r e  of t he  o p e r a t i n g  s y s t e m  of corn-

puter systems like the DECsystem-lO.

A d i s c r e t e  event s i m u l a t i o n  of any q ueu e i n q  sy s t  i’ni ,

whethe r the simulation models a workshop, 1~~i r k , o r compute r

sys t em , mu ;~~ model the tasl-s t:o be performed , the service

c e n t-  or S t  ructure , and t h e  select ior f o r  s e rv ice  rules assoc— 
t

c - i  w i t h  t h e  service  c e n t e rs .  For a I ’I5:~~- I1 I or cy s t  ‘ - i t : , a

d i s c r e - t  e e v e n t  sir: ul at ion must t h e r - f o r e  model i t s  workload ,

i t s h a r d w a r e ’  c o n f i g u r a t i o n , and I t s  r ’ - s o u r c e  a h l o c a t  ion
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algorithms . Althoug h the hardware confilTuration and resource

allocation algorithms of a computer system are fixed and can

be modeled precisel y, the workload can not be modeled pre-

cisely, because it is constantly changing and is unpredictable.

Therefore , the workload is modeled probabilistically, or it is

modeled from trace information obtained from the actual corn-

• puter system that is being simulated .

Stochastic Simulation. Discrete event simulations of

computer systems that model the workload of a t - I -mputer system

probabilisticall y are called stochastic simulations. (Ref Cj:64).

The pa rame te r s  n o r m a l l y  a s soc ia t ed  w i t h  work load  character i -

z a t i o n  (see Tabl e I)  are gene ra t ed  as random samp les of

spec i f i ed  di s t r i b u t i o n s  in s tochast ic  s imula t ions.  These

dis t r ibut i on s may he s t a n d a r d  m a t h e m a t i c a l  d i s t r i b u t i o n s  (ex-

ponential , uniform , etc.) , or they may be distribution s estab-

lished from workload measurements taken directly from the

computer system.

Trace—Driven Simulation . Discrete event simulations of

computer systems that model the workload of a computer system

by a “deterministic sequence of resource demands ” are called

trace-driven simulat ions (Ref 9:66). The deterniinistic se-

quence of resource demands t h a t  is used t o  c h a r ac t e r i z e

the workload of a computer system consists of a time-order~-c

l i s t  of resource demands obtained from a t race  of t h e  a c t i v i -

ties of a computer sy:-;t er:i . This time—ordered l is t  of resourc’’

demands  may have b,~en o b t a i n e d  f r o m  the  n o r m a l  w o r k l o a d  of t h-

c o m p u te r  systee or f r o m  a l ’ - r c h m a rk .

€( 3 
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Simulation Lanouages

Obtaining the description of the hardware confi guration ,

the workload , and the resource allocation algorithr’:s of a com-

puter system that is necessary in modelirq is ext remely diff-

icult because the operating system must be studied and the

workload must be measured. However , once this data is

gathered , the actual building of a model may be just as diff-

icult. Building a data structure that will support the

concepts of an entity structure (integrated data base) , con—

trolling and coordinating all events in time-ordered fashion ,

and collecting data needed for performance evaluation can be

costly , time consumino , and discouraging. Fortunately,

several special purpose discrete event simulation languages

are available which facilitate the actual building of discrete

event models .  These sim’ l a t ion  languages  are a m a j o r  reason

for simulating computer systems with discrete event modeling

techn iques. A review of three of the most popular and most

powerful of the discrete event simulation procrrammincr lana-

uages follows :

GPSS . GPSS is an I B M—developed  i n t e r p r e t i v e  s i m u l a t i o n

p r o q r a m m i n g  l anguage . Users  of CPS S need l i t t l e  p rog ramming  
4~

.

exper ience  because the s t a t e m e n t s  of t h e  l a n g u a g e  a r t -  l i m i t e d

but powerful . Each statement of the language corresponds to

an assembly language subproana;ti which is i n t e r p n e t  ed and exe-

rated each t i m e  t h e  s t a t e m e n t  is en c o u nt  ered. FL- pc-wet ful

n l a ( ’r c - ;t a t e m e n t s  of CPSS enab le  u se r s  w~’o a rt ’  i m n f a n : i  i i  , l r  w m  h

s i m u la t i o n  t o  use t he  1 inQu ire . Some \‘er s ion s of (fl’S,° or  I -c- ; ld c’
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the user  wi th  onl y l imi ted opt i on s to  per fo rm speci a li z ed -•

computations. However , GPSS V allows users to wr i te  a d d i —

tional subroutines in PL/I. GPSS also automatically performs

data  co l lec t ion , s t a t i s t i c a l  ana lys i s , and p r i n t i n g  of fo rmat -

ted summaries .

SIMULA . SIMULA is an ALGOL-based s imula t ion  language

that is currently available for  use on the CDC66 00 at Wr igh t -

Patterson Air Force Base , Ohio. SIMULA implements  s i m u l a t i o n

concepts that allow a collection of programs , called processes , 
- 

-

to conceptuall y operate in parallel. During execution , new

processes may be described and dynamically generated. Data

local to one process can be shared by all processes , and a

central time rout ine is available to control the activity flow

within the various processes.

SIMULA provides the user with a variety of sampling and

data analysis procedures. These procedures allow the user to

generate pseudorandom numbers , Ber n o u l l i  t r i a l s , c o n t i n u o u s

and d i sc re te  u n i f o r m  deviates , e t c .  SIMULA a lso  provides  pro-

cedures for constructing histograms of accumulated data.

SIM SCRI PT 11.5. SIMSCRIPT 11.5 is anothe r s i m u l a t i o n

programming  l anguage  t h a t  is a v a i l a b l e  f o r  use on t h e  CD C 6 I e1 O

at W r i g h t — P a t t e r s o n  A i r  Force Base,  Ohi o. S IMSCRIPT 11.5 is

- 
- t he m iro st  c o m p r e h e n s i ve  d isc re t e  event simul at ion pr c - i t t  amnm .lnIr

language current ly availabl e , and it is divided into five

leve ls  of c o m p l e x it y .  The f i r s t  level is a simple t ,‘achi ng

l anguage  desi  c - n e l l  to m t  roduce proq r a i : : r r : 1  n q I - e t c- c- p t - s  to non—

p r o g r a m m e r s .  ~~~~~~~~~~~~ a n d t h i r d levels ate c - l i t  l i t  ~ble t c-

65
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FORTRAN an d ALGOL respectively. The fourth leve l provides

the support for entity-attribute-set capabilities needed to

build an entity structure and manage it during simulation .

The fifth level contains statements for time advance , event-

processing , and generat ion of s t a t i s t i c a l  v a r i a t e s , random

number , e tc .

SIMSCRIPT 11.5 provides a number of standard routines

that can be used to support s imula t i on . SIMSCRIPT 11.5 pro-

vides a routine which controls the execution of events based

on their scheduled time of execution , routines to accumulate

dat a dur ing  s i m u l a t i o n , and rou t ines  to ana lyze  accumu lated

data and print the results in formatted summaries.

Advantages

Simula t ion  is a very powerful  and u s e f u l  computer  pe r-

formance  eva lua t ion  tool . S imula t ion  can be e spec ia l ly

effective in the areas of computer performance projection

and computer performan ce optimization . Some of the advantages

of simulat ion as a CPE tool are as follows :

1. Simulation provides a framework in which  e v a l u a t i o n  - 
--

of a computer  system can occur without impacting the

operational capability of the computer system. ‘ -

2. Simulat ion can be used as a method of investi gating

the e f f e c t  t h a t  change s i n  t h ~- w o r k lo a d , t h e  h a r d war e

con f i gu r a t i o n , or the o p e r a t i n g  cy s t  ems have on per -

f o r m a n c e  measures .

3. Since on l y those e v e n t s  t h a t  change t h e  St i t -  of tb ’-

r1 )n:~ ‘L er sys t em m u s t  he s i m i m u l a t  (-  to o l : t  a m  v a l i d  
—
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performance data, simulation can usually compress a

large interval of simulated time into a much smaller

interval of real tim e.

4. ~ i system can be modeled at any level of detail nece-

ssary to achieve a realistic model of a computer 
I 

-
-

system . No simplification s must be made to insure

mathematical exactness as in analytic modeling .

5. A simulation model can be composed of system component

descriptions that represent different levels of detail.

6. A simulation can be designed to provide any performance

measure s t h a t  could be gathered from the real system.

Disadvan tages

Al though  s i m u l a t i o n  is a ve ry power fu l  and flexible com-

puter performance evaluatiun tool , it does have severa l  disad-

van tages .  Some of t i-r i - disadvantages of simulation as a CPE

tool are as follows:

1. The level of detail needed in a simulation is hard to

determine. Not enough detail leads to invalid results.

Yet , as the detail of a model grows , 1-he time that

must be spent in preliminary study of the actual

computer  system and the time that must  he spent in

building the model grows at a nonlinear rate.

2. As the detail of a model qrows , cause and effect

relationships become 1, rder to identify althoug h tb~

goal of simulation is rO identif y and st udy these

relat ionship -:.
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3. If  a very de ta i l ed  level of s i m u l a t i o n  is requi red ,

it may he time consuming and even impossible to

identify all of the lower leve l resource allocation

algorithms in the operating system.

4. It is difficult to determine how long it takes a

given model to reach a stable state . Therefore , it

is difficult to determine when to start taking

performance measurements.

5. Simulations tend to be system dependent. Simulation s

usually only apply to a single manufacturer ’ s computer

system. r’lajor modifications are also necessary when

the hardwa re configuration or the operating system

change .

6. The cost and effectiveness of simulation depends on

the available discrete event simulation programming

languages and the ability of the CPE analyst to use

these languages. The analyst might have to learn a

new programming language before he could build a

simulation model of his computer syste:i. If simulation

languages are not a v a i l a b l e , t he cost and t ime r e q u i r e d

to build a model in a language like FURThAN may be

prohibitive .
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V. An a l y t i c  Model ing  of Compute r  Systems

As s ta ted  in C h a p t e r  I I I , mode l i ng  is a v a l u a b l e  computer

performance evaluation technique , especially when applied to

the analysis and solution of computer performance problems

t h rt ’u g h  pe r formance  o p t i m i z a t i o n  and pe r fo rmance  p r o j e c t i o n .

The two major approaches to modeling computer systems are

si mu la t ion , which  was reviewed in Chapter  IV , and anal y t i c

m o d e l i n g .  A n a l y t i c  mode l ing  is the act of r ep r e sen t i ng  a

co::nuter sys t em by a m a t h e m a t i c a l  descript ion of i ts  p e r f o r m a n c e

b e h a v i o r  (Re f 9 : 3 4 ) .

The s t a te  of a computer system descr ibes  the s t a t u s  of

i t s  sys tem resources and i ts  workload at any g iven t ime , and

s ta te  t r a n s i t i o n s  represen t s  the f l o w  of t a sks  t h r o u g h  t h e

computer system over a time interval . The performance of a

computer system is usually evaluated by studying the state

changes which occur in a computer system . As explained in

Chap te r  IV , s i m u l a t i o ns model sys tem p e r f o rm a n c e  by s im u l a t in c r

the s t a te  changes which occur in a computer  s y s t e m . Thus , the

measures  of p e r f o r m a n c e  provided by s i m u l a t i o n s  are  m e a s u r e m e n t s

of reproduced s ta te  changes  over a simulated time interval.

Solutions for analytic models which describe the tirse-

dependent behavior  of c o m p u te r  s y s t em s  are r-orri rd cx or h av e  not

been found  y e t .  The re fo re~, mos t an a l v t  i c models j t  I ’ Ias~~-c (li t

the pr enil so t hat  t h e  p r o b a b i l i t y  of a c o m r i p u t e t  syst ott: I-e i ret i r~ 
‘
,~~

a p a r t i c u l ar  s t a t e  approaches  a l i m i t  as t ime approaches i r f i n -

i t  v . These p r o b a b i l i t y  l i m i t - s d esc r i b e  a i t  p at er sy s t e m  at
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s t a t i s t i ca l  e q u i l i b r i u m  or steady s ta te .  The c l is t ri uu t i o n  of

these p robab i l i t y  l i m i t s  across a l l  pos si b l e  s ’ ates c o n s t i t u t e s

a stat ionary  p r o b a b i l i t y  d i s t r i b u t i o n  (Re f 19:155) . Al t hough

the  s ta te  of a computer sys tem changes w i t h  t i m e , the prob-

ability that the system is in a given s ta te  is t h e r e f o r e

assumed not to change in time . Usina this concept of steady

s ta te , a n a l y t i c  model ing  r e l a t es  the workload , the  hardware

configurat ion , and the resoulce allocation algorithms of a

computer system to i t s  steady s ta te  p e r f o r m a n c e  throug h mathe-

ma t i ca l  express ions .  Bot h the workload and the  steady s ta te

per formance  can be c h a r a c t e r i z e d  by s t a t i o n a r y  p robab i l i ty

d i s t r i b u t i o n s  (Re f 9 : 3 0 )  . Therefore , a n a l y t i c  models  attempt

to represent the pe r fo rmance  behavior of a c o m p u t e r  sys tem

a c c u r a te l y7  but , u n l i k e  s i m u l a t i o n , they  a lso  r e t a i n  mathe --

mat ical  t r a c t a b i l i t y.

The l i m i t a t i o n s  of a n a l y t i c  models to m a th e m a t i c& l y

tractable expressions of computer  p e r f o r m a n c e  b e h a v i o r  r e q u i r e s

t h a t  many s i m p l i f i c a t i o n s  be made when mode l ing  modern , comple x

computer systems . Simplification of computer system character-

i st i c s  is u s u a l l y  necessary in a n a l y t i c  mo d e l i n g  because s o l u t i o n s

can not be generated currently for arbitrarily comp lex mode l s .

Because solut i ons for  a r b i t r a r i l y  complex  models  can ’ t  be ren t --

rated currently, the leve l of detail required to realistic ally

represent  compu te r  systems can not a l w a y s  he achieved t h r o u g h

a n a l y t i c  mode l ing  t ech n i cr u e s .  Therefore , si m ulat i on , w h m c F  ca r

m odel a corTrput -er  syst  c - t n  at any leve l of d e t a i l  n e c es s a r y  I o

achieve reali stic modelin g , is the more nop im l at of th e two
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modeling techniques. “In recent y e a rn , owe\or , a number of

general models and methods of analysis have been developed

which  have g r e a t l y  increased the range of app l i c a b i l it y of

analytic modeling ’ (Ref 20:946). Thus , analytic model in g

may be a viabl e a l t e r n a t i v e  to s i m u l a t i o n  in some computer

pe r fo rmance  eva lua t ion  e f f o r t s .

The per formance  problems associated wi th  the  DECsystem-lO

owned by the A i r  Force Avionics  Labora to ry  corre la te  closely

wi th  pe r fo rmance  problems that  can be a n a l y z e d  and solved

throug h p e r f o r m a n c e  optimi z a t ion  and per fo rmance p r o j e c t i o n

CPE efforts. Because modeling plays a malor role in perform-

ance optimization and performance projection CPE efforts and

because analytic modeling is one of the two major approaches

to modeling , the remainder of this chapter will consist of

a review of a n a l y t i c  model ing .  The purpose of th i s  review

is to familiarize the reader with the basic concepts of model-

ing computer systems analytically, and the capabilities and

l i m i t a t i o n s  of a n a l y t i c  model ing  as a CPE too l .  Anal y t i c

model ing t echn iques  which  could be used to support  p e r f o r m a n c e

o p t i m i z a t i o n  and pe r fo rmance  p r o j e c t i o n  s t u d i e s  of t he  DEC-

system—lO will be identified . The review of analytic modeling

in this chapter presents the development of analytic model inli

as a CPE tool and seve ral mode ls w h i c h  can  be app l i ed  t o t i m e -

sharing computer systems. Past efforts t- o apply these mode l s

to a c t u a l  computer systems and t h e  a d v a n t a g e s  and d i s a d v a n t a g e s

of a n a l y t i c  m o d e l i n g  as a CPF too l f o r  p e r f o r t - - m n c e  o }i t  i m i za t i o n

and performance projection are also pre: - n t ed.

71 

— 5 -  - - ----



- -
~~~~~:. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- - --  —

~~

--- 
_ _ _  I

Queueing Theoretic Models

As stated in Chapter  IV , one of the  most common and

mos t applicable ways to descr ibe  a modern computer  system

(batch or time-sharing ) is to represent the system as a

queueing system. Thi s represen ta t ion  is r e a l i s t i c  because

jobs  (t a s k s)  do “ t r a v e l ’ t h roug h a computer  system seeking

service at the various system resources (service centers)

If these resources are busy when a job  requests  t he i r  service ,

the job must normally wait until the system resource being

requested is available. This delay is usaully referred to

as a queueing delay, and it can have a significant impact

on va r ious  per fo rmance  measures .  Therefore , many  of the

basic desi gns of modern computer systems are compatibl e w i t h

the traditional concepts of queueing thi’orv .

Howeve r , memory is one resource wh ich  does not  f o l l o w

the “ one request at a time ” service rule. Since most modern

computers have m u l t i programming capab i l i t i e s, more t h a n  one

j o b  can occupy main memory s i m u l t a n e o u s l y .  In addition , once

a job obtains memory , it may request service from other system

resources. For example, a job which has been allocated memo n~-

may request service from the CPU. Therefore , a s i n g l e  re-

source (memory) in a computer system can service more than one

j o b  (t a s k)  c o n c u r r e n t l y  and a job  ( t a s k )  can request  and rece l ye

service at two or more system resources  ( s e r v i c e  cen~~i - r s) con-

currently. Since the DECsystem-10 is a mu ltiprelrramm incr

system t i-m at a l l o w s  b u f f e r e d  I/O , a s i n g l e  j o b  can a c t u a l l y  be

r e q u e s t i n g  se rv ice  at th ree  resources  ( m e m o r y ,  CPU , disk)
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c o n c u r r e n t l y  i n t h i s  sys t em.  In s p i t e  of these c o n f l i c t s w i t h

the basic concepts  of queue ing  t h e o r y ,  th e s i m i l a r i t ie s  h e tw ec-n

queueing theory and the flow of jobs through a computer system

have led to the extensive use of oueueinq theory principles

to model computer  s y s t em s ,  t h e it  i n d i v i d u a l  componen t s , and

t h e i r  a c t i v i t i e s .

I n f i n i t e  Pppulat ion , Sin gle Serve r ~‘oc 1 - : . P r i o r  to  1970 ,

a n a l y t i c  models tha t  were used to e v a l u a te  the pe r f o r m a n c e  of

computers  were a lmost  e x c l u s i v e l y  s i n g l e  serve r models (Re f

21 :11) .  Sing le serve r models  are c har a c t e ri z e d  by t h e i r  ret’-

r e sen t a t i on  of a s ing le service  center  ( s y s t e m  resource ) and

its queue in isolation . The ser’eico center (CPU , disk , etc.)

s a t i s f i e s  some resource demand ( CPU t i n e , I/O , e t c .)  of t a s k s ,

and the queue holds tasks which are waiting to be serviced.

One of the classical single server models found in queueing I 
-

-

theory is the infinite populat ion , single server meodel shown

in F i g .  5. Models  of th i s  t y p e  r e q u i r e  t h e  f o l l o w i n g  as i n p u t s :

1. The a r r i v a l r - te of t asks  at the service  cen te r

2 .  FL - - s e rvice  t i m e  d i s t r  i b u tr e r .  f o r  t asks at I Ia -  ser-

vice cen t cr

3. TUe schedulinq aiqor ithi- of t h e  s e r v i c e  center

V

The pe r f o rma n ce measures obt ained fret : in fini t e ~— c-p u l at i t

s i n g l e  set ~- - r tic-do ls ar- c- t h ’  average response t inic t o t  t as~r c

and I h u t i l i s a t  Lon leve l f o r  t h e  m rrode led re sotmrc e i m o d e r  st (-adv

s t a t e  or e q u i l ib r i um s t a t i - c - e r - l i t  i o ns .  Giver : I 1: t l r ’ e -  ir: p uts

I i  t, -i l -rhove , 1 i r - a l y t  ic e lu a t  i ’-r : s  a r ’  mi t - i t ’d to ‘ete t n i l t i t - t h e
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stationary probability distribution for the numbe r of tasks

at the service c e n t e r .  To ob ta in  an a n a ly t ic s o l u t i o n  fo r

th i s s t a t i o n a r y  p r o b a b i l i t y  d i s t r i b u t i o n  under  s teady s t a t e

conditions usually requires that certain assumptions con-

cerning the arrival rate of tasks and the service time for

tasks be made.  The a r r i v a l  r a t e  of t a s k s  is almost  a l w a y s

assumed to be Poisson , and the service time distribut ion is

often assumed to be exponential (Ref 21:13). Once it is de-

termined , the stationary probability distribution for the

number of tasks at the service center is used to calculate

the pe r fo rmance  measures  of average response t ime  fo r  t a s k s

and resource u t i l i z a t i o n. The average response t i m e  f o r  a 
- 

-

t a s k  is i t s  average service wai t  t ime  (average  queue ina  de-

lay) plus its average service time . For examp le , if a task

must wait for service an average of 20 seconds and requires

an average of 5 seconds of service , then its average response

time is 25 seconds . Since the service center is active -~-Le n

i t  is s e r v i c i no  a t a sk , the u t i l i z a t i on of the resource  t h a t

is beino modeled is sit- p ly  the stationary probability that at

least  one t a s k  is at  the  serv ice  c e n t e r .

The s tat i o n a r y  p r o b a b i l i t y  d i s t r i b u t i o n  f o r  t h e  numb e r of I
t as ks at t he s e nv  ic - c- cent i- -n  a lso  d e f i n e s  t b ’  stead~- st at  e of

t he se rv ice  c - n t  e n .  The s t e a d y  s t a t ~~
- of t he ser v i i -e ct -n t i -r is

c-pr -s ent ed Lv t he ave r ac-c- nuriiL *~ r of tasks i t  t he set  vice con —

en .  Si nce t he p o p u l a t  ion t h a t  is  r - ’ m ~ r c’-rt ed Lv t h e  model  is

i n f i n i t e ,  t he s t e a d y  s t a t  (‘ of  t he service centen is r-ot ~x etrt ted

above . Thor - f o r ’ , mod e l s of  t h i s  1- v p - - ace  n l ~~o ie f - r red t o  as
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i n f i n i t e  s ta te , single server models.

The infinite population , single server model has been

used t r a d i t i o n a l l y  to compare the e f f e c t  of d i f f e r e n t  sched-

uling algorithms on the response time for tasks at various

resources of a computer system under given conditions. For

exampl e , CPUs have been modeled to predic t  the response t ime

for  tasks composing a given workload at a CPU unde r  d i f f e r e n t

scheduling a lgor i thms . Seldom have infinite populat ion , single

server models been used to predict the performance of real com— -
:

puter  systems . The l i m i t a ti on of i n f i n i t e  p o p u l a t i o n , si n g l e

server models as performance prediction tools is the assump-

tion that the arrival rate of tasks at the service center is

Poisson . Thi s a s sumpt ion  i m p l i e s  t h a t  the  number  of ac t ive

tasks in the system is potentially infinite and that the

average arrival rate remains the same no n-atter how many tasks

are queued at the service center. However , this assumption is

usually not valid for computer systems.

Because of the Poisson t a sk  a r r i v a l  ra te  a s s u m p t i o n , in-

f i n i t e  popu la tion , s ing le  serve r models ca n on ly  be used to

model batch systems if the number of users is very  l a rge and

if  there  is no r e s tn i -t ion on the numbe r of jobs t hat each user

can input in t o  the  s y st e m . For t i m e — s h a r i n g  systems , how ever ,

the  Poisson t a s k  a r r i v a l  r a t , -  assum : ption i s  not  r e n e m a l l y  v a l i d .  H

The numbe r of ac t ive  jobs in a t i m e - s h a r i no  sy s t  c - i :  t i - n d s  t o  l i -

proport  I onal t o  the  n iirtthe r of physical t , - r r r i i  r t a l s a v a i l  abl ~‘ .
Whe n a 1- ime - - s h - r r i n u  u ser  s u b m i t s  a job ( t a s k )  , h i ’  m u s t  wa i t  f o r

t h i s  j o b  t a be - o p 1 1 ’t  ed 1 - l ot I re  sulan i I s a a,— ’ end l i i i .
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Therefore , as t h i~ q ueue length increases , the arrival rate of

new j obs i n to  a t i m e - s h a r i n g  computer sys tem must  decrease.

Al t houg h the DEc sys t em - lO  has batch as well  as t i m e- s h a r i n g

processing capability, the maximum numbe r of jobs which can

be active in the system at any given time is controlled by a

parameter in the operating system. For the DECsystem-lO at

the Air  Force Avionics  Labora tory , thi s parameter is currently

set at 40. Therefore , the Poisson task arrival rate is not

applicable to the DECsystem—l0 at the Air Force Avionics

Laboratory .

Finite Population, Single Server Models. Finite popula—

tion , single server models are better representation s of time-

sharing systems and time—sharing system components than infimt —

i te  popula t ion , s ing le  serve r models  because  the numbe r of

act ive tasks  in such models is f i x e d .  A f i n i te  p o p u l a t i o n ,

single server model is sho~~ in Fig. 6. A f i n i t e  p o p u l a t i o n ,

single server model represents a finite , fixed number of tasks

interacting with a service center. Tasks are not allowed to
-I

arrive at the service center from outside the system , and ,

ra the r than leave the system a f t e r  s e r v i c i n g  as t h e y  do in

i n f i n i t e  p o p u l a t i o n , s i n g l e  serve r models , t asks are recycled

back to the service center after a specified delay . Models

of t h i s  type r e q u i r e  t h e  f o l l o w i n g  as i n p u t :

1. The nu mber of a c t i v e  t a sks  in t h e  sys t em

2 .  The s e r v i c e  tin e dist r ib ut ion  of t a s k s  at  t h e~~~ ’ r v m c - e

cente r

3. The schedulinit algorithm of I he s,-rvi ’e c c -m i t e r

77
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4. The delay time of tasks between the time that they

leave the  service center  and the time that they

ar r ive  back at the service center

The pe r fo rmance  measures and the me t hods used to ob ta in

these performance measures for fini-Le population , sing le

server models are the same as those previously described for

infinite population , single server models. However , the

arrival rate of tasks at the service center is not restricted

to a Poisson a r r i v a l  r a t e .  The service t ime d i s t r i b u ti on is

still often assumed to be exponential. The steady s t a t e  of

the service center  is also s t i l l  represented  by t h e  average

number  of t a sks  at the  service cen te r .  Since th e  n umb e r of

tasks  t h a t  are represented in the  model is f i x e d , the s t a t e

space (all possible states) of the service center is bounded .

For example , if there are five tasks nc-presented in the model ,

then the servi ce center can be in one of six different states.

These six s t a t e s  represent  the possible numbe r of tasks at the

service center (0-5) and compose the state space. Thus , f i n iF e

p o p u l a t i on , s i ng l e  server models arc also referred to as f i n i t e

state , s ing le  server  mode l s .
IA f i n i t e  p o p u l a t i o n , s in g l e  serve r model is easily e rr 1 med

to a time—sharing c c- c -p it t er  sy s t  em. The t asks  wi t ch f l o w  t h i  ough

the mode l represent requests for senvi cc i s sued  l -y  u s e r  s at

t e r m i n a l s .  Ti-m e set  v I ce c- r I i -- i  t egr e t - t e n t  s the c c - : -p r t e m a t H ,

the average  response I ime  f o r  I - i s k i - ~ t t b  - se t  v i c e  c en t e r  r e p

resents the I i n to  d e lay  bet ween t i : - t i nto t t I  a us e r is u ,- :-: a

s e r v i c e  r e q u e s t  - m d  the t une t l’ - t t  h -  n - c - - t v - s  a t ’  s~~~- t - 
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to this request . Thu s , the response t ime f o r  tasks at the

service center equates to the computer system response time

f o r  the users  at t h e i r  terminals. After tasks are serviced ,

the delay which they encounter before being requeued for

additional service represents the think time of users at

their terminals between the time that they receive a response

to their request and the time that they  issue another  r e q u e s t .

Al though  f i n i t e  popu la t ion , s ingle  serve r models are

better r ep re sen ta t ions  of t i m e— s h a r i n g  systems than  i n f i n i t e

population , single server models , finite population , sing le

server models are limited as computer performance evaluation

tools. Since they contain only one service center , finite

population , sing le server models must represent an entire

computer system as a single resource. The use of finite

population , single server models in performance optimization
t

and performance projection CPE effort s is therefore severely

restricted because they can not model m u l t i p l e  system resources

and their interrelationshi ps.

Closed Queueing Network M o d e l s .  A third t ype of gueueing

theoretic model which can be used t o  r ep resen t  computer syste:-

analyticall y is the closed gueueing net work model. ‘losed

queueing n e t w o r k  models are s i m i l a r  t o  f i n it e  popul at ion , sit ar le

se rve r models  except  f o r  one m a j o r  d i  f fe r ~ - r i c e . C] o se d  q ueu e i na

r:et work models  can be used t o  n c -pt esen t  q u e ue ln g  sy. — t ems w i t h  ar t

a r b i t  r : i r i l y  laree , but f i n i t e , r r m :- iIe r of s er v i c e  i t  e rs .  ~l : n

fore, d o -ted queueing n e t  wo n :  mn od e l s  a m ’ ’ n o r - r i  a l i s t  i c-  t - -; ’ r v s i -t :—

t a t  i o n s  of c omp u t e r  ::v::I i ’ r t t : :  t h a n  s m n t l e  r v l ’r  ‘ c-de l  s i - c - c a n e

I-t o
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they can model the system as a co l lec t ion  of i n t e r a c t i n g ,

yet disti rguishable , service centers. A closed queueing

network model of a hypothetical time—sharing conriputer system

is shown in Fig. 7.

A queueing network model consists of a number of nodes

and a linkage structure among the nodes. Each node repre-

sents a service center and its associated queue . The linkage

structure represents the paths which tasks may take as they

move among the nodes. The queueing network is also closed

i f  the numbe r of tasks  in the network is f i x e d .  New t a sks

can not a r r i v e  from outside the network , and tasks can not

ex i t  f rom the ne twork .

The information which closed queueing network models re-

quire  as i n p u t  is as fo l low s (Ref  2 2 : 3 9 ) :

1. The number and characteristics of the tasks in the

ne twork

2. The rules governing the service time for tasks at

each node

3. The rules governing the schedulincm algorithms at the

service centers

4 .  The r u l e s  gove r n i n g  the t r a n s i t i o n  of t a s k s  b e t w e en

nod es

Th e se rv ice  cen t e r s  w h i c h  a re  r e pr  esen ted  by the t e - ~ieS  I n

cl osed queue ing  n e t w o r k  models  a r e  c h a r a c t e r i z e d  t y  the ir que—

u ci n g  d i s c i pl i n e  and the  num im be r of servers which t h e  c o n t ai n .

The q u e u e i  r d i sc  ip i  in ’ - - i s svr :on :  v r : : o k r . : w i t h t it ,  s~-hed ul  I nq

I-t i 
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algorithm of a service center. It- determines the position of

t asks  in a service c e n t e r  queue and the order  in wh ich  t a s k s

are serviced. Several examp les of queueing disciplines are

f i r s t  come f i r s t  serve , las t  come f i r s t  serve , and round

robin .

The servers of each service center actually satisfy the

service demands of the tasks , and the numbe r of servers in

each service center can vary. The only restrictions on

servers are that each service center must contain at least

one server and tha t  all  servers  in a service center  must have

the same queueing discipline. The service centers are classi-

f i ed  as being single server , multiple server , or infinite

server service centers. These three types of service cen-

ters are shown in Fig. 8. Single server service centers contain

only one server. Multiple F s&rVidé cen te r s  c o n t a i n  more - - -

than one server but not as many servers as there are tasks in

the model . Infinite server service centers contain at least

as many servers as there are t a sks  in t h e  model .  Such a ser-

vice center is referred to as an infinite server service center

because there can never be any queueinct delay at its node in a

closed queueinq network model.

The n umb e r oF  t a sks  in  a closed queue inq  n e t  w o r k  model is

f i x e d  t h e s e  t a s k s  may be uroupi -H m t  o di f f e r c nt  t a s k  t ypi - :

based or t h e ir  r - sou r c e  de t r :and  c h a r a c t e r i s t i cs . Each t asl- t yp
~

may be f u r t h e r  d i v i d e d  i n t o  s eve ra l  c l a s ses .  Tasks  w i t h i n  a

task t ype can t ransit ion into and out oF the classes assodiat i-H

w i t h  t h e i r  t ask t yp ’ - as I hey niove o t- J I he se t  V I L  c e n t  c-i S.

- - -—
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The movement of tasks among the service centers (nodes) of the

network model is controlled by a matrix of transition proba-

bilities P = [ 
~i ,r;j,s] 

where 
~i ,r :j,s is the p robab i l i t y

that a task in class r , leaving service center i , ~- ,-ill move

to service center  j and change f r o m  class  r to class s. This

t r a n s i t i o n  m a t n~~x de f i ne s  the linkage structure of the network

model . Since the network model is closed , the following is true :

Pi , r~~j  ,~~ 
= 1 fo r all ( i , r) (1)

All (j,s) r
“The t r a n s i t i o n  ma t r ix  p = Ip.  - idefines a Markov chain with

L ~ , r j , sJ
states identified by the pair (i ,r) , and th is  Markov  cha in  is

assumed to be decomposable in to  m -
~~ 1 ergodic  subchain s ” ( R ef

2 1 :2 3 ) . Each ergodic  subchain corresponds to a type of t a s k s .

If  task  type s are not a l lowed to change c lass

~ i , r ; j , s = 0 fo r  r / s ( 2 )

If there is only one type of task represented in the network ,

the no ta t ion  for  the t r a n s i t i o n  m a t r i x  reduces to the  m a t r i x

~ . In t h i s  m a t r i x , is the probability that a

task leaving service  cen t e r  i will move to service center j.

The transition probabilities shown in Fig . 7 are exampl es of

the reduced transition matrix described here .

The performance measures and the methods used to obtain

these performances measures for closed queueincj network models

are s i m i l a r  to those  p r e v i o u s l y  descr ibed f o m  si n c ) I e  server

m o d e l s .  S i m i l a r  t o  s i n g l e  server  m o d e l s , t h i -  p- - r l o n : a n c e

85
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measures  which  can be ob t a ined  f rom closed q u e u e i n g  n e t w o r k

models are calculated from the steady state or equilibrium

state probability distribution of tasks among the service

cen t e r s  of the ne twork  m o d e l .  The s t a te  of the ne twork  model

i s s imp ly a vector  u~~~c r ih ing  the  s ta te  of each service  cen-

ter  in the ne twork  model .  The s tate  of each service center

is d e f i n e d  as the n um b e r  of t a sks  at t he  service cen te r .  If

several types  and/or  c lasses  of t asks  are modeled in the  n e t -

work , the state of each service center is a vector describing

the number of each type and/or class of tasks at the service

center .

From the e q u i l i b r i u m  Stat :  p r o b a b i l i ty  d i s t r i b u t i o n  of

the ne twork  model , the avera~ e queue len :th at each service

c e n t e r , the average response time fo r  different task types

at each servi ce center , and the utilizat ion of each service

cen te r  can be ca l cu l a t ed . it is in  por t ant to note that w h e n

t i m e — s h a r i n g  computer  sy s t e m s  a re  being nodd ed , t h e  respcnre

time for a task at a n y  one s e r v i c e  c c - n - t e n  can n o t  he equ at ed

to sys t em response i nto as i t  was for the finite p n r ’u l  at icr . ,

sinqie server model . However , i f one of he se rvi cc’ centers

i n the n e t w o r k  m odel r e p r e s e n t s  a t i m e - sh e r in t use- n ( t e r : i n a l )

average s y s t e m  r e s p ( : : e  t m c -  f o r  t h i s  u se r  can be c a l c u l a t e d

using the transit i on  m a t r i x  an d  t h e  e q u i l i b r i u m : :  at -t Ie p r i

a b i l i t y  d i s t r m h u t i on . In t h i s  case , a v e n a ce sy s t e m  r e s p on s e

t~~ -:c- s the averaoe a m o u n t  a~ I i tt: e t hat i t  t a k e s a t~~t - k ‘
~~~~

move t hrough  t he  n e t w o r k  ( I - ,0~i - : i  or , its r rts i t  i o n  r robai n _ i  -

a n d  a r r i v e  back a t  I he u s e r ’ s son  v ic e  cc-n ’ i - n  o’ cc’ I ~
- ‘  I -

l eaves  t he  u s e r ’ s s e r v i ce  c- - t  - ‘

8
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C losed queueing network modeling techniques have great

appeal as modeling techniques for time-sharing computer

systems. The individual resource components of a tirne-s~ -ing

computer system can be modeled as different se rvice cern

in a closed queueing network model. For example , in a model

of the DECsystem—lO , different service centers might repre-

sent the active users at their terminals , the master processor ,

the slave processor , the RPO4 disk units , etc. The programs ,

commends , and requests issued by users at their terminals

can be modeled as tasks which move through the network model

based on their transition probabilities , being queued at var ious

service centers (system resources) , obtaining service at the

service centers , and eventually arriving back at the users ’

terminals.

The various design option s that are available in closed

queueing network modeling allows time—sharing computer systems

to be modeled realistically. Active users at their terminals

can be modeled as an infinite server service center , processors

can be modeled as single server service centers with a variety

of queueing disc iplines , and peripheral devices can be modeled

as single server or multiple server service centers . For example,

the RPO4 disk units of the DECsystem—lO can be represented as

four single server service centers or as a multiple server ser-

vice center with four identical servers . Thus , different levels

of detail can be incorporated into the time-sharing system model.

Closed queueing network modeling also increases the effect—

iveness of analytic modeling as a CPE technique for performance

L _  
_  

_
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evaluation of time-sharing systems. Time-sharing systems can

be represented as a network of interacting , yet distinct , re-

sources, and the cause and effect relationships which exist

among the resources can be analyzed. The effect of workload ,

hardware configuration , and resource allocation algor ithm

changes on performance measures such as average response time

and resource utilization can also be studied (Ref 20:946).

I,

Equilibrium State Probability Distributions

Although closed queueing network model ing appears to be

a versat ile and flexible approach to modeling computer systems ,

it has two li~iiitations that have prevented its widespread use

as a CPE technique . To obtain exact results for performance

measures, the equilibrium state probability distribution for

the model must be derived. Analytic solutions do not currently

exist for the equilibrium state probability distribution of

many models with interesting queueing disciplines , state de—

pendent transition probability matrices , etc. Therefore ,

simplifications usually must be made in closed queueing network

modeling to insure that current analytic solutions for the equil-

ibrium state probability distribution can be applied to the

model. Even when such simplifications are valid , the comp lexity

of the analytic sc~ utions and the resources required to calculat e

the equilibrium state probability d istribution may prohibit the

use of this technique in many cases.
I

Although analytic solution s for the equilibrium state prob-

ability distribution of many interesting closed queueinq network
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models do not ex ist , analytic solutions have been derived

for some models of interest. Two models for which analytic H

solutions for the equilibrium state probability distr ibut ion

have been derived are presented here. These models are sim—

plifications of the c~c neral model described in the previous

section. Both reduce the complexity normally associated

with exact solution s for the equilibrium state probability

distr ibution by characteriz ing the model as a representation

of a continuous time , discrete state Markov process (Ref 22 :35 ) .

Jackson, Gordon, Newell. The analysis of a basic closed

queueing network model was given by Jackson (Ref 23) and

Gordon and Newell (Ref 24). The limitations of this model

are as follows :

1. All tasks are assumed to he identical. They all be-

long to the same task type and do not change class.

They have the same service time distributions at

the various service centers and the same transition

matrix p =

2. There are M service centers and N tasks represented

in the model.

3. All service time distributions are exponential .

4. The service time distribution at a service center

may not he dependent on the state of a second ser—

vice center.

5. The service rate at each service center may be a

function of the number of tasks at the service

center.
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States in this model are represented by the vector

(ni, n2, n3 , n~4). Each n
~ 

represents the number of

tasks at service center i. Since the number of tasks is

fixed , valid states of the model must satisfy :

M

~~~~ n1 = N (3)

i = 1

For the assumption s listed above , Jackson ( Ref 23 ) and

Gordon and Newell (Ref 24) derived the following product L
form solution for the equilibrium state probability distri-

but ion :

p (~ 1, n2 nM) = C(N)Fl (nl)F2 (n-,)...FM (nM)

n1 
/ni

where , F
~~
(n± ) = e

~ ,,/ f l uj(j) (5)

Each u
~~
(j) represents the instantaneous departure rate of tasks

from service center i when there are j tasks in this service
center. The e1 ’ s are the mean arrival rate of tasks at ser—

vice center i and are determined by the following set of linear

equations.

M

e
~ 

= e~ p~~ (6)

( , 
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The ei ’ s can only be determined to within a multiplicative

t constant , any solution can be used in Eq (4).

The normalization constant C(N) is determined by summing

all of the state probabilities and equating the sum to 1.

C(N) = Fl (nl )F2 (n2) . . . FM (nM ) (7)

All states (n1,n2,... ,nM)
such that n1+ na -f- ... + = N

Baskett, Chandy, Muntz, and Palacios. The analytic solu-

tion for the equilibrium state probability distribution of the

basic closed queueinq network model derived by Jackson , et. al.

was extended by Basket t , et. al. (Ref 25) to a more general

closed queueing network model . This model eliminates many

of the restrictions associated with the earlier model . Diff-

erent types and classes of tasks are allowed in this model.

First—come—first—served , processor sharing , and last—come -

first-served aueueing disciplines are allowed , and service time

distributions are not restricted to exponential distributions.

A more detailed review of this model and its corresponding

analytic solution is presented in Chapter VI.

Previous Applicat ions

Traditionally, the application of analytic modeling tech-

niques to the modeling of computer systems has been largely

theoretical. In theoretical studies , no part icular computer

system is actually modeled . Rather , these studies deal with

general models that attempt t.o provide insight into the
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performance characteristics of a number of systems having

similar architectural features. However , analyt ic modeling

techniques have been used to model entire time-sharing com-

puter systems in several computer performance evaluation

efforts. The results of these studies indicate that analytic

modeling is a viable approach to use in performance evaluation

of specific computer systems.

Scherr. The first effort to use analytic modeling tech-

niques to evaluate the performance of a time-sharing computer

system was reported by Scherr (Ref 26) in 1967. He used a

finite population , single server model to study the performance

of the Compatible Time-Sharing System (CTSS) at MIT. Such a

simple model was realistic because CTSS was an extremely

simple time-sharing system . CTSS allowed only one job into

main memory at a time . To achieve a time-sharing effect , jobs

were swapped into and out of memory , and the swapping was not

overlapped with the execution of jobs.

The single server in this model represented the central

processor of the CTSS. The service time associated with the

server represented the swapping time for a job as well as its

execut ion time , and the service time distribution was assumed

to be exponential. The think time for the time-sharing user

was also assumed to be exponentially distr ibuted.

Over a two month period , dat a were collected from CTSS

to obtain input values for the model parameters and to measure

the response time of the sfstem . Using the measured values for

CPU service time , swapping time , and user think time the model
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predicted an average response time surprisingly close to

the measured average response time. Although this model

is not valid for modern time-sharing systems , its use dem-

onstrated the validity of analytic modeling as a computer

performance evaluation technique .

Moore. Although the results of Jackson (Ref 23) and

Gordon and Newell (Ref 24) were reported in 1963 and 1967

respectively, their closed queueing network model was not

used in a computer performance evaluation effort until 1971.

In 1971 , an investigation of the applicability of this model

in performance evaluation of a time—sharing system was re—

ported by Moore (Ref 22). Moore modeled the Michigan Term-

inal System (MTS) at the University of Michigan . This

system was a large-scale time—sharing system running on an

IBM 360 Model 67. It had two CPUs , i.5 megabytes of main

memory , two IBM 2301 drums which were used for swapping ,

three IBM 2314 disk storage units , and over 90 terminals.

In Moore ’ s model of MTS , the CPUs and disks were modeled

as multiple server service centers , the drums as a single

server service center with state dependent service rates,

and the terminals as an infinite server service center. Moore - -

was forced to assume that all users in the system were identi-

cal and that the service time distributions at the service

centers were all exponential (restrictions of the Jackson , et.

al. model) . In reality, both assumptions were inaccurate .

Moore ’ s measurements of the system revealed that the exponential

assumption was very crude for some of the system resources ,

L 
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especially the swapping drums. However, in spite of these

assumptions , the predictions of the model for response time

and resource utilization compared favorably with the measured

values for these performance measures. Predicted values for

these performance measures were usually within ten to fifteen

percent of the actual values.

Chien. In 1974 , Chien (Ref 27) reported the application

of a closed queueing network model in performance evaluat ion

of a dual processor PDP-lO time-sharing system at Digital

Equipment Corporation , Maynard , MassachusettE. This system

had two swapping drums, six disk units , and over 70 terminals.

The closed queueing network model which Chien used was based

on the modeling techniques established by Jackson (Re f 23 )

and Gordon and Newell (Ref 24).

In this performance evaluation study , five sets of data

were gathered while the system was operat ional. Each set of

data included the following :

1. The number of jobs in the system

2. The average job size

3. The main memory available to users

4. The average CPU service time

5. The overhead in job switching

6. The average CPU time needed per interact ion

7. The average user think time

8. The number of disk I/Os per interaction

9. The average system response time

I;- -
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The closed queueing network model was applied to each set of

data. Even with the identical user and exponential service L

time assumptions , the closed queueing network model pred icted

an average response time that was within 15% to 20% of the

measured average response time in all five cases.

The p~rrpose of Chien ’ s study was to develop a closed

queueing network model with state dependent routinci probabil-

ities for the study of time—sharing systems which use swapping

as a memory management strategy . In such a model , the proba-

bility that a user is swapped would be a funct ion of the

number of users competing for main memory . Since exact solu—

tions are not available for such models , Chien proposed a

method to approximate their solut ion . His algorithm for

solving closed queueing network models with state dependent

routing probabilities for swapping is as follows :

Step 1: Assume an initial value for the number of jobs

in the think mode .

Step 2: Use this number to calculate the probabilities

that a job must be swapped in after it leaves

the CPU service cente~ or its terminal service

center arid before it arrives at the CPU service

center for another time slice.

Step 3: Treat these probabilities as fixed transition

probabilities and solve the model using the

Jackson , et. al. technique .

Step 4: Compare the number of users in the thin k mode

that is oredicted by the model w ith the number
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tha t was used to calculate the t ran sition

probabilities in Step 2. If the difference

is within a predetermined tolerance , the al-

gorithm is complete. Otherwise , repeat Step

2 through Step 4 using the number of users in

the think mode that was pred icted by the model

to calculate the transition probabilities in

Step 2.

Chien applieci this algorithm to the five sets of data collected

from the PDP-lO. In four out of the five cases , his algorithm

pred icted an average re sponse time that wa s closer than the

average response time predicted by the classical fixed tran-

sition probability model to the measured response time .

Advantages

Analytic modeling has not been used to evaluate the per-

formance of many operational computer systems . However ,

analytic modeling is a viable computer performance evaluation

technique which has seve -al advantages as such . Some of these

advantages are as follows:

1. Analytic modeling provides a framework in which

eva lua tion of a comp uter system can occur without

impac ing the operational capability of the corn-

puter system .

2. Analytic modeling often yields insights into the

cause and e f f e c t  re lat ionsh ips between wo rk loads ,

sys t em parameters ,  and per formance  measures .
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3. The cost of developing and running computer programs

which perform the calculations necessary in analytic

modeling is relative low (in comparison with simula-

tion costs) . These programs are also independent of

any particular computer system. The computer being

modeled is comp letely descr ibed by the inputs to

the program alone. Therefore , a single program can

be used to evaluate the performance of any number of

computer systems with di f fe rent architectures.

4. Analytic models can be used to calculate the per-

formance measures normally associated with time-

sharing computer systems .

Disadvantages

Although analytic modeling is a viable computer perfor-

mance evaluation technique , it has a number of disadvantages

as a computer performance evaluation technique. Some of these

disadvantages are as follows :

1. Arbitrarily complex computer systems can not be ana-

lyzed by analytic modeling techniques without many

simpl ifying assumptions .

2. Exact solutions exist for only a few analytic models.

3. Many of the features of modern computer systems can

not be included in analytic models. The &‘ility of

a job to use more than one system resource simultan—

eously is one such feature .
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4. Few people have the mathematical and queueing theory

background to effectively evaluate the performance

of computer systems with analytic modeling techniques.
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VI. A Closed Queue~~~g Network Model

As stated in Chapter V . closed cTueueing network models

are realistic representat ions of the structure of time-sharing

computer systems and the flow of tasks through these systems .

Although network models can not represent the concurren t use

of more than one resource by a single task , they can repre—

sent the following characteristics of time-sharing computer

systims (Ref 21:18) :

1. A collection of independent resources

2. The sequential use of these resources by tasks

3. The concurrent servicing of different tasks by the

resources (Note that the concurrent servicing of

the same task by different resources is not allowed.)

Although closed queueing network models have an inhe rent

attractiveness as models of time-sharing computer systems ,

their use in performan ce optimizat ion and performance pro-

jection of time-sharing systems has been limited. The main

reason that they are not used more often in computer perfor-

mance evaluation efforts is the lack of analytic solut ions for

arbitrarily complex models. A n a l y t i c  solution s for network

models are usually obtained only by making a number  of s i r np l i—

fying assumpt ions about the system heinq modeled. Un fortunatel y,

these necessary assumption s often contradict the t rue character-

istics of time—sharing systems . For example , the analytic ‘
I

solutions for network models derived by Jackson (Ref 23) and

Gordon and Newell (Ref 24) are based on the assumptions that all
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4 tasks in the system are identical and that the service time

for tasks at each service center is exponentially distributed.

When applied to time—sharing computer systems , these assump-

tions are seldom valid. The demands for system resources

associated with each interaction between a user and a time—

sharing computer system are actual ly quite diverse. In

addition , Moore (Ref 22:143) showed that although exponential

distributions are reasonable approximation s for the service

t ime at some system resources , they may be inappropriate as

descriptions of service time at other system resources.

Moore showed that the service time distribution for the

swapping drum in the MTS was not exponentially dist ributed.

In an effort to overcome some of these unrealistic assump-

tions , an extension of the closed queueing network model de—

veloped by Jackson , et. al. was reported by Raskett , Chandy ,

Muntz , and Palacios in 1975 (Ref 25). This model does not

assume that all tasks are identical or that the service t ime

dis t ributions at the service centers are exponential .  Rather ,

this model allows the representat ion of any number of types

of tasks ( jobs ) , several different queueing disciplines , and

a broad class of service time distribut ions . A product form

solution for this model , similar to the solution described by

Jackson , et. al. for their model , is also reported. The flex—

ibility and versatility of this model , along with its product

form solution for equilibrium state probabilities , make it an

attractive modeling framework for time-sharing computer systems .

Because this model offers a framework for more realistic analytic
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modeling of time-sharing systems than has been possible pre-

viously, its potential as a computer performan ce evaluation

tool for the DECsystem-l0 is investigated . A summary descrip-

tion of this general model and its analytic solution as reported

by Paskett , et. al. (Ref 25) is presented in the remainder of

this chapter.

Tasks

The model which was reported by Baskett , et . al .  ( Ref 25 )

can be used to represent an arbitrary but finite number , R , of

different classes of tasks. For time—sharing systems , a task

represents the system resource demands of one user during one

interaction between the user and the time-sharing system. The

resource demands of the users are represented by the transition

matrix P = 
[Pi ,r;j,s] 

where 
~i r•j s is the probability that

a task  in class r , upon leaving service center i , will proceed

to service center i and change from class r to class s. The

transition matrix thus defines a Markov chain whose states are

-‘ labeled by the pair s ( i ,r). This Markov chain is decomposabl e

into m (m ~ 1) ergodic subchains . In a model of time-sharing

systems , each ergodic subchain corresponds to a type of request

(resource demand sequence) that can be initiated by time-sharinq

users. One ergodic subchain might represent requests associated

with text editing and file maintenan ce , while a second ergodic

subchain mi ght represent requests associated with compilation

and execution of programs . Several different classes of tasks

may be assoc iated with a sing le ergodic subchain. Tioweve r , the

number of tasks within an ergodic subchain must remain constant.
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A detailed discussion of ergcdic Markov chains can he found

in Chapter II of Ref 28.

Service Centers

While the tasks of thi s closed ciueueing network model

represent the demands of time-sharing users , the service

centers of the model represent the system resources. An arb-

itrary but finite number M of service centers can be repre-

sented in the model . Four types of resource centers are

allowed . The four types of servi ce centers are described

as fol lows:

Type 1: This is a single server service center. Its

queue inq  d i s c i p l i n e  is f i r s t — c o m e - f i r s t - s e r v e

(FCFS) , and al l  tasks have the same service

t ime  d i s t r i b u t i o n  at this service center  type .

The service time distribut ion is assumed to

be a negative exponential distribution .

Type 2: This is a single server service center. Its

queueinq discipline is processor sharing, and

each class of tasks is allowed separate service

time distribut ions. All service time distribu-

t ions  must have rat i onal  L a p l a c e  t r a n s f o r m s .

Type 3: This is an infinite serve r service center.

There is no gueueinc-, at thi s service center since

the numbe r of servers is at least as qredt as the

numbe r of tasks. The service time distribut ion

of each class of tasks; may he unique as long as

the d:. strihutions have La: t ran sfottn~~.
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Type 4: This is a single server service center. Its

queueing discipline is preemptive-resume last-

come—first-served (LCFS). The service time

distr ibutions of each class of tasks may be

un ique as long as the distribut ions have Laplace

transforms .

The restrict ion that service time distributions have

Laplace transforms does not necessarily prevent the repre—

sentation of service times at various system resources in a

time-sharing system realistically. For example , exponential ,

hyperexponential , and hypoexponential distributions all have

Laplace transforms (Ref 25:251). Cox (Ref 29) has shown that

distri butions having Laplace transforms can be approximated

by a network of exponential stages . A diagram of such a

network of stages is shown in Fig. 9.

Model States

• The state of this model is represented by a vector whd ch

describes the status of tasks at the individual service cen-

ters. The state of an individual service center describes

the number of tasks of the various classes at the service

center and the stage of service that they are in or their po-

si t ion in the queue associated wi th  the service center .  For

example ,  the state of a type 1 service center describes the

numbe r of tasks at the service center ari d t h e i r  order in the

FC FS queue . The s tate of a type 2 service center  not only

describes t h e  n umbe r of tasks  of each c lass  at t he  service
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center hut also describes the number of tasks of each class

at the various stages of service .

Eg~~i l i b r i um  State Probabi l i t i es

The analytic solution of this model requires the deri-

vation of its equilibrium state probabilities . The equili-

brium state probabilities for the model are based on the

solution of the balance equation s for the model. The bal-

ance equations reflect the fact that at equilibrium , the

rate of transition of tasks into a state from all other

states must be equal to the rate of transition of tasks out

of the given state into all other states . These equations

are called global balance equations by Chandy (Ref 30) . 
• -

Because the states of the model are rather complex and
I because the number of different states is exceeding ly large, 

I

calculating equilibrium state probabilities with global

balance equations is difficult. An alternate approach to

calculating the equilibrium state probabilities is used by

Baskett, et. al. (Ref 2 5 : 2 5 1 — 2 5 4 ) .  This approach involves

finding solution s for the independent balance equations rather H
than the global balance equations of the model .  In dependent

balance equat ions equate the “ rate of flow into a state by

a customer entering a stage of service to the flow out of

that state due to a custome r leav i ng  t h a t  s tage of se rv ice ’

(Re f 25:252). Here , customers and tasks are synonymous . A

global balance equat ion is simply a sum of independent balance

equat ions , and the independent bal an ce equation s represent
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sufficient but not necessary conditions for global balance

(Ref 25:252).

Baskett , et. al. (Ref 25) presents a solution for the

equilibrium state probabilities based on independent balancing .

Although this solut ion has a product form , it is really un-

manageable because of the det ailed state descript ions of the

model . They do, however , also present a solution for the

equilibrium state probabilities of the mode l based on aggre-

gate system states. An aggregate system state is defined as

a vector (S1,S2,S3 SM ) where S1is another vector (n11,n12,

n13,...,niR ) .  Each vector S~ represents the state of a ser-

vice center and rljj represents the number of class j tasks at

service center i. This aggregate state description retains

the basic description of the conditions within the model but

eliminates much of the detail which makes numerical calcula-

tions of the equ ilibrium state probabilit ies so di f f icul t .

Using the concept of aggregate system states, Baskett ,

et.al. (Ref 25) report the following product form solution

for the equilibrium state probabilities of their model :

P ( S 1,S2 SM) = C (
~~~

“ ) F l (Sl ) F 2 (S 2)...FM (SM ) ( 8)

whe re for  type 1 service cente r s ,

R 1 
~ir 

n 1
F1(S1) nj i ( fl ~~~~ (ejr- ) ) (1 / uj) ; ( 9)

r=l ir~
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for type 1 service centers and type 4 service centers - 
-

R 1 n
F~~(S1) = n1 L fl — (e. / u . ) ir (10)

I L  
~~~~. 

ir ir
r=l ir

and for type 3 service centers ,

R 1 n .
F1(S~

) = 11 f ir L (e ir /U ir 
ir (11)

r=l

The se equations are based on the fol low ing supportive

d e f i n i t i o n s :

1. N = ( Nl, N2,...,NR ) is a vector describing the total

number of tasks in the closed queuing network model.

N. is the total number of type i tasks in the model .

2. C( ~ 
) is the normal izat ion constant obtained by

summing all feasible states of the model and equating

their sum to 1 (Ref 21:48). It is represented by the

following equation :

C ( ~ ) _ l  Fl (Sl)F2 (S3)...FM
(SM) (12) -1For al l

Sl+S2+s3+. . +SM = N

‘.1

3. The total numbe r of tasks at a service center is de-

fined as n~ and the total  n umbe r of t asks of t ype r

at service center i is defined as . There fore ,
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n , = ri
jr 

(13 )

r=l

I

4. The mean service time of class r tasks  at service H

center  i is 1 / Uir~

~~~• The e ir ‘ s represent the mean a r r iva l  rate of class

i tasks at service center r. They can only be de-

termined to within a multiolicative constant and

any so lu t ion  can be used in ~qs (9) , (10) , and (11)

The solut i on for  the ejr ’ s are determin ed f rom the

fol lowinq set of l inear equat ions :

eir = 

j~~~~l s~~~~1 
~~~ ~j,s~ i ,r ~ = ~~~ 

( 14 )

State D~~ endent Service Rates

Baskett , et . al. (Re f 25 )  also report three  dif f e r ent

types of state dependent service ra tes wh ich can be used in

their model. The f irst type of state dependent service rate

is an arbitrary but positive function of the total number of

tasks at a given service cente r .  Let f~~(n ~~) represent  the

service rate at service center i when there are n1 t asks at

the service center relative to the service rate when there

is one task at th e service cen t e r .  Then F1 (S~~
) is rep laced by
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F~~(S.) = F(S . )  / fl 1 f . ( j) ( 15)

j=l

This form of state dependent service rate is useful in rep-

resenting multiple server service centers.

The state dependen t service rates may also be arbitrary

but positive function s of the number of class r tasks at

service center i. This state dependent service rate allows

the service rate for a class r task at service center i to

be dependent on the number of class r tasks at the service

center. Let fir (nir ) represent the service rate of class r

tasks at service center i when there are 
~ir 

tasks present

relative to the service rate of class r tasks when only one

class r task is present. Then F1 (S1 ) is replaced by

R n .
, ir

F . (S.) = F . (S.) / II II f . ( j )  (16)
1 i i i I I  i i  ir

r=1 j=l

This form of state dependent service rates is not allowed for

type 1 service centers because the service rate for all tasks
‘I

is assumed to be the same.

A third form of state dependent service rates involves

the numbe r of t asks  at several service centers . This stat e

dependent service rate allow s the service rate of tasks within

a subset of service centers to be an arbi t rary but p o s i t i v e

function of the total numbe r of tasks in the subset of service
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cen te rs .  Let I = (i1,i2,... ,im) represent a subset of m

service centers , and let N1 represent the to ta l  number of

tasks in this subset of service centers . Let f1(N 1) rep-

resent the relat ive service rate of tasks in the subset I

of service centers when there are N1 tasks present relative

to the service rates when there is only one task presen t .

Then fl F1(S1) is replaced by

jEl

N

fl F.(S.) / f
1

( j) ( 17)

i E I  j=1

Summary

Closed queueing network models have an inherent attract-

iveness as models of time—sharing computer systems. However,

their use in performance optimization and performance pro-

jection of time-sharing systems has been limited because a

number of unrealistic assumptions must be made to obtain a

solution for most analytic models. The closed queueing net—

work model presented in this chapter overcomes many of these

un realistic assumptions that have been traditionally associated

with analytic models . For example , this model represents

different types of tasks . It also represents service centers

with different types of queueing disciplines and general ser-

vice time distributions. In addition , a product form solut ion

is avai lable for this model. Therefore, this model is a
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potential CPE tool which can he used in performance optimi-

z a t i o n  and pe r fo rmance  p r oj e c t i o n  of the DE C s y s t e m— l O .
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VII. Calculat ion of Performance r~leasures

The closed ciueucing network model presented by Baskett ,

et. al. (Ref 25) is directl y app licabl e to time—sharing

systems l ike the DECsystem—lO . In fact , the anal ysis which

led to this model was motivated by the need for more real-

istic analytic models of time—sharing compute’~ systems

(Ref 25:259). Some feature s which make it especially attrac-

tive as a model of time-sharing systems include the following:

1. Different classes of tasks can be represented.

2. Classes of tasks may have different service time

distribution s and different transition probabilities.

3. Several different queueing disciplines are allowed.

4. Several service time distribut ions are allowed (those

which have Laplace transforms) .

5. Several types of state dependent service rates are

a l l o wed .

6. A product form solution exists for the equilibrium

state probability distribution .

The four types of service centers are especially appli-

cable to time-sharing systems. FCFS service centers are

usually realistic representations of secondary storage devices .

Processor sharing and LCFS service centers are good approxima-

t ions  of cen t r a l  processors .  LCFS is an e f f i c ie n t  prec~~pt  i ye

s c h e d u l i ng  method and round robin scheduling approache s pro-

cessor sh a r in e .  Processor s h a r i n g  service  c e n ter s  could  t h u s

be used to  model t he proccssor~ of t h e  flFC~ v s t  c-m-i0 si n ce t h e
(~#
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queueing discipline of their main processor queue (P02) is

round robin. Infinite server service centers can be used

to realistically represent the active terminals of a time-

sharing computer system.

In addition to being a realistic model of time—sharing

computer systems , the model presented by Baslcett , et. al.

(Ref 25) is a potentially powerful computer performance

evaluation tool. The feature which makes it potentially

useful as a CPE tool is the product forn of its solut ion for

the equilibrium state probability distribut ion . From the

equilibrium state probability distribution , several effic-

iency and effectiveness performance measures associated with

time—sharinq computer systems can be calculated . These per-

formance measures include marginal queue length distributions ,

resource utilization , and mean response time for tasks . The

product form of the solution for the equilibrium state prob-

ability distribut ion facilitates imp l ementat ion of the model

as a computer program .

Because this model is an attractive mode l of time—sharing

systems and because of its potential as a computer performance

evaluation tool , a program has been written to implement this

model so that it can be used in performance evaluation of the

DECsystem-l0. Appendix A contains a source listing of this

program , Appendix B contains a sample output of this proqrar~,

and Appendix C contains instructions on how to use this ro (:rw~ .

The remainder of this chapter describes the algorithms which are

used in t h i s  proorarn  t o c a l c u l a t e  t he ne r f o r  ~~r.cc measures  assoc—

lated w i t h  I ime—sharinq computer systems .
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~ppr pacb

The program uses the aggregat e system states of the

model to calculate performance measures for the system being

modeled. As stated in Chapter VI , an aggregate system state

is d e f i n e d  as a vector  (S 1, S2 SM ) where each 5~ is

anothe r vector (n 11~~n~2 niR ). Each vector S1 represents

the state of a service center and n~ 1 represents the number - -

of c l a ss j tasks  at service center  i .  As can he seen f rom

- desc r iption of system states , the numbe r of states

(s t a t e  space ) increases  rap i d l y  as the numbe r of tasks and

the classes of tasks increase. For example , a network model

with five service centers and two classes of tasks with 10

t a s k s  in each c l a s s  cou ld have over 4 X 10 6 possible st a t e s .

Eq (8) rrcsents f-he solut ion for the equilibrium state

p r o b a b i l i t y  d i s t r i bu t i o n  of the model . To ob ta in  n u m e r i c a l

va lues  f o r  t he  e q u i l i b r i u m  s t a t e  p r o b a b i l i t y  d i s t r i b u ti on of

a system beino modeled requires that the normalization con-

stan t be calculated. Eq (12) presents a straight forward

solution for the normalization constant . If Eq (12) is used

to calculate the normalization constant and Eq (8) is used to

calculate the equilibrium state probability distribution , the
•1

numbe r of calculat ions req’:i reo nercasus as I he numbe r of

states in the n c t w o r~ mod e l g r o w s .  For eve n a ye:  y s c  mp le

net - work  model of a t i n c — sh a r i n g  system , the  numbe r of c a l c u —

l a t -  io ns requi r e d  in such a st r a l  ~ ht f o r wa r  V approach  may be

p r o h i b i t i v e .
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To overcome t h i s  problem , an e f f i c i e n t  procedure is used

in the program to calculate the normalization constant and

the  pe r fo rmance  meas-~res .  This procedure was presented by

Muntz and Wong (Ref 31) and was la ter  inc luded in Wong ’ s

dissertation (Ref 21). The efficient procedure which they

present is an extension of an efficient procedure developed

by Buzen (Re f 32)  for  c a l c u l a t i n g  the n o r m a l i z a t i o n  cons tan t

associated with the Jackson , et. al. model. One limitat ion

of this procedure is that tasks are not allowed to change

clas s. There fore , the program as implemented  doe s not  a l low

tasks to change class. The present algorithms being used can

be expanded to include class changes , hut such a chanqe would

greatly inc rease the number of calculation s required and the

amount of main memory needed to execute the proeram. The

program as imp lemented also does not allow the third type of

state dependent service rates presented by Baskett , et. al.

(Ref 25)

Normalization Constant

The efficient procedure for calculating the normalization

constant which was presented by Muntz and Wonci (Re f 31) is as

follows :

I. Define a new vector 5 •
k as the fo~~1ow~~r-q :1

S .~ (n . ~~~~~~~ 
* n . *) (18)

1 il i2 iR
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where njr* , r = 1,2 R , is the total number of

class r tasks in service centers 1 ,2 i— l , and

i. This means that

i

* = n .  ( 1 9)i r  .
=

~~~ 

Jr

2. Define

F~~* (5 . *) F1
(S

1) F
2 (S2

) ~~~~~~~~~~~~ (20)

sl+S 2 +. . .

From Eq ( 2 0 )  the  f o l l o w i n g  can he shown :

= F1
( - )  ( 2 1 )

and

c (  ~~~)_l = F~1
* (~~~~) ( 2 2 )

3. Use the recusive f o r m u l a  r e l a t i n g  F~~*(Sj *) and

F~~ 1 *(s i *). This relat ionship is as follows:

Fi * (S i *) = Fj_ l *(Sj_i *)F~~
(
~~~

)

Si_ i *4~S= S *
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4.  For i = 2,3 . M , compute F~~* ( S~~*) f rom F1 1 * ( S 1 1 * )

and F~~
(S

~~
) u s ing Eq ( 2 3 ) . C ( ~ )~~ = FM * ( ~

Marq~~a1 Queue Length D i s t r ibu t ions

Once the normalization constant is determined , the mar-

ginal queue length distributions of tasks at the various nodes

in the network can be calculated. Let P1 (S1
) be the marginal

probability that service center i is in state ~~~ i = 1 ,2 

M, and p *( 5 . *) be the m a r g i n a l  p robab i l i ty  that  the  subset

of service centers 1, 2 i—l , and i is in s tate  ~~~~ j

1,2  M— 1.  Then

P M (S M ) = C ( N ) FM 1  * ( N — SM ) F M (SM) ( 2 4 )

and

~ M—l ~~~~M—l ~~ 
C ( N ) F M 1 * ( S M 1 *) F M ( N — 1*) ( 2 5 )

For i~~M — l ,  M—2 , . . . 2 , P1 (~~~) and Pi_ l *( S j_l *) are calculated

r ecurs ive ly  by the f o l l owi ng :

N 1 N 2

P~~(s 1) = P1~ 
( k

k =ri Ic n
i i .  2 i2 R iR

Fj_l * (k  - 

~~i
) F~ ~~~~ (26)

- ----

~~~~~

117

-4 -



••————... ~~~~~~~~~~~~~ - 
- ~~~- - ‘~—~~~ -—- . — -  

—
~~

-
~~

-—
~
-—

~ 

- - - .~i~ T~
2____________

N1 N2

and p l*(5. 1*) = ( k

1—n i-l ,l ~~~ i— 1 ,2 
— 

i-l ,R

__________  _______  
(27)

F. * ( I c )

whe re k = (k1
, 1c2 IcR

) .

For i =  1,

~~ — ~~ * ( \ 
(28)

1’ / — 
1 ‘~~~

In Eq ( 2 6 ) ,  ~~~~1*( ~ — S
~~

) F
~~
(s
~~

) i s  t h e proba~~i 1 i t y

— 

F. * ( i~~) 
—

1

that  service cen te r  i is in state S1 g iven  t h a t  the  subnetwork

of service centers  1, 2 , . . .  , i — l , and i is in s t a te  k .  In Eq

( 2 7 )  , F.  1*(S 1* ) F . (  I c _ S ~~~1*) is the p r o b a b i l i t y

F~~* ( k )

-: that the subnetwork of service centers 1, 2 i -2  and i — i  is

in state S1* given that the suhnetwork of service centers

1 ,2 i—i , and i is in state Ic.

The marginal queue length distribution s can be calculated di-

rectly from the P± (S~ ) ‘ s. I f P 1 (n 1) is the probability that

the total number of tasks in service center i is 
~~~ 

then
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P± (n
~~

) = P1 (S.) (29)

al l  s tates  S .
1such that

n . 1 + n . 2 + . . . + n .~~~ n .

and , if Pir (n ir ) is the p robab i l i t y  that  the total number of

tasks of class r in service center i is nir, then

~ir~~
’ir~ 

= (30)

all states Sj such that
the numbe r of class r
tasks in service
center i is nir

Other Performance Measures

Several other pe r formance measure s can be calculated

from the marginal queue length distributions. These are as

f o l l o ws:

1. The expected number of class r customers in service

center i is defined as the following :

Nr
E (nir ) = j  Pj~~(j) (31)

j = l

and the expected number of total tasks in service

center i is defined as the following:

E(njr ) ( 32 )

r=l
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2.  The u t i l i z a tion of service center  i by the tasks

of type r is given by the following equation if

the servi ce center  is type 1, 2 , or 4 and has only

one server:

n i r
U. = P . (S . )  — (33)ir 1 1

All  s tates S1

where n~ is given by Eq (13) . Total utilization of

service center i is given by the f o l l o w i n g  equation :

U1 Uir

r=1

3. The mean departure rate of tasks of class r from

service center i is given by the following equation :

A
ir 

= 
P1 ~~~~ 

ujr (S i) (35)
all s ta tes  S1

‘1

where ujr (S j) is the mean service rate of class r tasks

at service center i when the  service c e n t e r  is in  s t a t e

S~~. The mean departure rate of all tasks from service

center i is given by the following equation :

(
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R 

A .
i ir (36)

R l

4. The response time can he calculated using Little ’ s

result (Ref 33) which states that for any queueing

system , A T N , where ,

A mean arrival rate of tasks at the queueing system

= mean departure rate of tasks from the queueing

system

T = mean time in the queue ing system by tasks

N = mean number of tasks in the queueing system

Lit t l e ’ s result can be used to find the average time

spent in a queueing system by changing the equation

to read the following:

T = N  /~~ 
( 3 7 )

Consider the queueing network model of the simple time-

shar ing model shown in Fig. 7. If the inf inite server service

center in thi s model is isolated from the rest of the service

centers as shown in Fig. 10, the rest of the se rvice cen ters j
can be treated as a separate queueing syst em . The arr ival

11

rate of tasks into this quoueing system equates to the do-

parture rate of tasks from the infinite server service center.

The departure rate of tasks from the queueing system equates

to the arrival rate of tasks at the infinite serveT service

center. Applying Eq (37) f-he amount of time a t ask of type
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spend s in the queueing system (response time) is given by the

following:

T~ = N — E(nir) (38)

A ir

wherL , i is the infinite server service center , and T . is
ir

the response time f o r  class r tasks . N r is the to ta l  number

of c lass  r tasks in the model , and A ir is the departure/

arrival rate of class r tasks at the infinite server service

cente r .  Tir a c t u a l l y  represents  the amount of time that a

class r t ask  spends in the queueing system between the time

that  it departs from the infinite server service center until

i t  a r r ives hack at the infinite server service center.
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V II I .  Va l ida t ion  Resu l t s

The closed queueinq ne twork  model which  is desc r ibed

in Chapters  VI and VII  was implemented as a FORTRAN program

so t hat i t  could  be used in per formance  evaluat ion of the

DECsy s tem- l0  at t he  Air  Force Avi onics  Labora to ry . Several

experimen~.s were conducted on the DECsystem-10 to determine

the validity of values predicted by the model. ihe valida-

tion experiments and the results of these experiments are

described in this chapter.

Basic Exoeriment

All  of the va l i da t ion experiments that were conducted

at the Avion ics Laboratory followed a similar procedure .

The performance of the DECsystem—lO was measured during the

execution of a synthetic workload (see Chapter III) which

represented a number of time—sharing users . The program

TRACK , which was described in Chapter II , was used to measure

the performance of the system during these experiments. TRACK

provided informat ion which was used as input to the model and

informat ion which was used in validation of the model. For

example , TRACK measured the overhead and the utilization of

both processors. The CPU overhead measured by TRACK was in-

corporated into the service time of the users at the CPU node

in the mode l .  The CPU u t i l i z a t i on measured  by T R A ( ~F w as corn—

pared with the CPU utilizat ion predicted by the model . In

addition to the utilizat i on and overhead of the CPUs , TRACK

measu red the queue l eng th s  a s so c i a t e d  w i t h  t h e  dishs and  CPUs  -
•

in f -he  system.
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In addi t ion t o TRACK , f-be p ro gram METER , w h i c h  was a l s o  - ;
described in Chapter  I I , was used to  trace the a c t i v i t i e s  of

a single synthetic user duiing each experiment. METER provi -

ded a t ime- s t amped  t race  of the  queue t r a n s f e r s  a s soc i a t ed

w i t h  the u s e r .  From th i s  t r a c e , t he mean respon se t i m e , mean

time spent at the CPU and mean t ime sper.L at the  d i s k  were

calculated for the synthetic user to validate the corresponding

results predicted by the model. Each experiment represented 20

synthetic users nerforming 60 time— sharing interactions and

lasted fo r  a p p r o x i m a t e l y  20 m inu t e s .

The s y n t h e t i c  work load  used in these e x p e r i m e n t s  was not

meant to be repres~’n t at i v e  of the ac tua l  t im e - s h a r i nc i  work load

of the DECsvstem-l0 at the Avionics Laboratory . Rather , the

synthetic workload was meant to produce a measurable leve l of

demands for system resources which are normally used by time-

sharing users. Two classes of users were represented in the

synthetic workload . The resource demands which characterize

these two classes of users are shown in Table IV.

Experiment 1

The f i r s t  experiment measured the performance of the DEC-

system-b during the execution of a workload consisting of 10

class one users and 10 class  two  u s e r s .  D u r in e  r e a l — t i m e  p r o -

cessing, the secondary processor of the DFCsyst e:T~— 10 is p: in-an l y

ded ica t ed  to  real — t ime processes. Therefore , t his expe L i : e i :t  W 3S

executed with only the primary processor act  ive t o  ap p i  o x i  ~at  C

the performance of I he syst cm as seen by t ins - — shar l u g  u s e r  s

d u r i n g  per iod s of t i m e  when re a l—t ime jobs are al :o executing .
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Ta ble IV

Sy n t h e t i c  Use r Cha ra cter ist ics

Class 1: Terminal  wai t  300 t ime u n i t s

Processor t ime requi red  = 43 time units

Number of I/Os = 10

Class 2: Terminal wait 300 time units

Processor time required 81 time units

Number of I/Os = 3

a
.4
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Fig. 11 shows the closed queueinq network model for

t h i s  expe r imen t .  Each resource is represented by a node

in the  ne twork . The number in the upper left hand corner

of each node specifies the  node type , and the number  in the

lower right hand corner of each node represents the node

identifier. Each u
~ 

represents the service time of a class

i user at the node. Each Pj~ represents the transition prob-

ability that a class i user will proceed to node j when he

leaves his current node.

The primary processor (CPuO ) is represented by two nodes.

One node represents the initial 3 jiffies (a jiffy is Digital

Equipment Corporation terminolociy for the system cloc k cycle

of 1/60 second) of processing time that a user receives wh e n

he leaves teletvpe I/O. The node is identified as the PQ1

node because the user is in the PQ1 run queue during thi s

time . The secon d node represents the remaining processinq

t ime that  a user  requ i res  when he is in t he  P02 r o u n d - r o b i n

run queue . Users  onl y enter P02 if their processinrr require-

ments are  not f u l f i l l e d  du r ing  t h e i r  PQ1 quantum time slice .

The service time of users at the CPU P02 node is i n c re a s e d

t-o reflect the percentage of time that the processor cannot

process users from the round—robin P02 r u n  q u e u e .  Thi s over - -

head is a sum of S y st e m  overh’’ad and I he t ime that the p ro-

cessor spends servicing users from the P01 run  q u e u e . The

system overhead is obtained from TRACK. Howeve r , t o o t t  . i l r .  I he

p e rc en t  a ( r ’ of I ime I hat the processor sp-’nus set vi  c i n c i  U s e r s

I rom the P01 run  queu • , I ho model m u s t  1 • r l I l T  as sum i r i ;  t hat c
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t i m e  is spent servicing users from the P01 run queue . The

service time of users at the CPU P02 node is then  increased

based on the service rate of users at the CPU P01 node pre-

dicted by the model , and the model is rerun . One or two

such iterations should produce assumed and predicted ser-

vice rates for users at the CPU P01 node that  are w i t h i n

specified tolerance levels. By including the PQ1 processing

time as overhead at the CPU P02 node , the utilization of the

~~~ P02 node can be related to the utilization of the CPU.

The quantum processing time associated with the P01 run

queue determines whether a job will complete processing while

1n the PQ1 run queue or will have to he placed in the round—

robin P02 run queue for additional processing t~~~e. There-

fore , this model of the central processor as two nodes allows

the measurement of the effect changing the quantum processing

time associated with the P01 run queue has on the response time

of users. For example , increasinq the quantum processing time

associated with the P01 run queue decreases the probability of

a job qoinq to the round robin P02 run queue for additiona~.

processing. However , it also increases t h e  overhead for jobs

which are in the round robin P02 run queue. Thus , one of the

cause and effect relationshi ps within the DFCsystem-10 can be

an alyz ed.

The r e su l t s  of t h i s  v a l i d a t i o n  e x p er i r r l e n t  are shown in

Tab le  V. The e r ro rs  e n c o u n t e r e d  in t h e  measu red  and predict ed

performance measures a re  less than 10%. Since t h e  overhead of

t h e  ;-;olt ware mon i t o n s  was no t  included i n the n-odd , I he r e—

sponse t imo e r r o r s  a re  surprisingly low .

129



~1~~- - _ _ _

S-i ~~o ~o ‘.0 N ,-l
S-i In ‘.0 ~I. ‘--i
1-i .

a~ r— I .-i ‘—s

.1 lO U)
0) 0)
-H •H
4-i 4-I
L5~4 4-4
•H -H

~~ .
~~~ 

.,-~a)
4.J N ‘.0 ~~ IN
0 ‘-0 N N N In e~-.-4 In ~~~ ~-4 0 N C>

0
0) C~ CX) In 

~~ ‘ r—1
1-4 N N ‘—4
01 N

U)
.4_I

XI) U)
11) Xi)

XI) -H -4
(1) 4-4 4-4

4-I 14~4
> H -H

.4-., 
~‘~1

0)
rH 4~i (I) N ~~ ‘

.0 0 1-i (N in
10 0) m (~) N ~~E-~ 5 (4) . . . . C>

H (U N 1.) 0 In ‘1’ 0
5-4 C) a’ Ct) ,—4
a~ ~~ N (N
0 ‘--4
x

iiiill~~iOi
1 30

I.. - —— --—--- - ———---- .-- — ---- ——-— -~~-—-—-~~~~--—--...- .- --- -_--- -



-. - ---. .- - —
~~~~~~~~~~ 

- -

Exp er iment  2

Ti-ic second experiment was identical to the first

experiment except that both processors were active . Fie. 12

shows the closed queueing network model which was used to

predict performance measures in this experiment . In this

model , the probability of a user being serviced by the pri-

mary or secondary processor when he is in the PQ2 run queue

is assumed to be equal except for a skewing factor based on

the different system overhead associated with each processor.

The results of this experiment are shown in Table VI.

The errors in response time for the class 2 users and pro-

cessor utilization are both higher than the errors for these

performance measures in the first experiment. This increased

error possibly relates to the assumptions which led to the

construction of the model .

Exper iment  3

The third experiment was conducted using the same data

t h a t  was ga thered  in the previous exper iment . This  da t a  was

applied to a model with a different organizat ion of the two

processors than the organization used in Experiment 2. Fig.

13 shows the model used in this experiment. Rathe r than

treat the two processors as separate nodes in the network ,

this model t reats the two processors as a multiserver s si- .ice

c e n t e r .  The r e s u l t s  of f - h i s  experim ent are shown in lahie VII.

The r e s u l t s  show that both response time and CPU utilization

ar e  better approx illla t ed w i t h  t he  m u l t  i ser  v et  n ode  t han w i t h

t he  two s in q le  ser ve r node  r e p r e sen t at  ion ol t h e  t w o  p rocesso r s .

1 31
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Experiment 3 can be compared with Experiment 1 to analyze

the effect that the activation of the secondary processor

had on response time for the two classes of users. The

measured and predicted average response times in Experiment

3 both show approximately a 280% improvement in average re-

sponse time for the two classes of users over the measured

values for average response time in Experiment 1. Althoug h

such a large improvement cannot be expected for most normal

workloads , the model could be used to study the cause and

effect relationship between real—time processing and time -

sharing response time for various workloads. Of course ,

tests must first be performed with an active real—time process

to determine if the time—sharing users are actually restricted

to a s:ngle processor when real—time jobs are executina.

I

Experiment 4

Experiment 4 was an extension of Fxpe’-iment 3. The core

size of the jobs associated with the two classes of users

were set at 1001< fo r  class 1 u.—ers and 80K f o r  c l a s s  2 users

to induce swapping. The measured results of this e x p e r i m e n t

are presented in Table VIII and Table IX. The u t  i li . -~at: io n

of the two processors p r e s e n t e d  in  these  t a M e s  i n d i c a t es  t h a t

app rox ima te ly  60% of the t im e  on ly  ore  runable ioh was n

main  memory . This statement is supported by the ave rage p ie --

cessing elapsed t ime for f -h e  two u -T e n  c l a s se s .  The a v c r a ( t ( -

processing elapsed t - ime for the two classes of u s e rs  is close

to the values prev ious ly  set in I - x p t r m en 1 f o r  t h e  s e r v i c e

_  _-

~ 
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Ta ble VIII

Experiment 4 Results For Class 1 Users

Mean Response Time 486.33 jiffies

Mean Swap In Time 370.08 jiffies

Mean Processor Time 46.64 jiffies

Mean I/O Time 59.65 jiffies

CPUO Utilization 39%

CPIJ1 U t i l i z a ti on 92 %

-
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Tabl e IX

Experiment 4 Results For Class 2 Users

Mean Response Time 480.22 jiffies
(one swap during
teletype I/O)

Mean Response Time 2329.41 jiffies
(two swaps———one during
teletype I/O and one
during processing)

Mean Swap Time After 361.91 j i f f i e s
Teletype I/o

Mean Swap Time A f t e r  I n —  1 8 6 0 . 2 3  j i f f i e s
Core-protect -Time Exhaus ted

Mean Processor Time 9 3 . 8  j i f f i e s

Mean I/o Time 19.05 j i f f i e s

1 38 
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tinme of the users in the nmultiserver CPU node (see Fig. 13)

Therefore , the data implies that there is little if any

queueinq of tasks at the processors in this experiment .

The jobs associated with the two classes of users were

always swapped out of main memory during teletype I/O . After

completion of teletype I/O , these jobs had to be swapped into —

main memory before they could be p rocessed .  The average swap

in time for class 1 users was 370.08 jiffies and for class 2

users was 361.91 jiffies. These figures included the delay

for core allocat ion as well as the delay for the physical

I/O transfer of the jobs to main memory .

In this experiment , class 1 users were never swapped out

of main memory during processing . However , class 2 users

were swapped out of main memory during 5O~ of all interaction s,

i n d i c a t i n g  tha t  t h e i r  i n— c o r e -pr o t e c t - t i m e  1-ad been exhausted

befo re  they could f i n i s h  proces s ing .  Class  2 users u s u a l l y

needed only a few jiffies of processinq t i m e  before  t h e i r

next teletype I/O when they were swapped out . Howeve r , since

class 2 users were in the P02 run queue when t hey were swapp ea

out , users  l e av ir q  t e l e t y pc  I/O and ente~ inn the PQ1 run queue
) I

had priority over the u s e r s  in P02 to get swapped back int o

main  memory . As a r e su l t , the ave r aqe t i me t h a t  i t  t ook class

2 u se r s  to get swapped back i n t o  main memory  to romp ! etc pro-

cess inc  wa~- ; 18 6 0 . 2 3  j i f f i e s .  The ave r aa ’ r esponse  time for

class  2 users when t h e y  were ~w,ipn e>~ out of ::iai n TeiTlory whil e

they were s t i l l  in the P02 run queue was 232~~~~ .i2 jiffies .

When they  were not swapped out t hei r ave rse r e sponse  t I ru e

1 39
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was on ly  4 8 0 . 2 2  jiffies , a decrease of 485%.

Modeling this type of activity with a closed queueing

network model is difficult. Realistic memory allocation
I.

cannot be modeled because queueing models do not allow a

task to have control of two resources at the same time .

Howeve r , a possible solution to this problem is to insert

a limited memory delay node and a disk swapping delay node

in to  the model between the terminal node and the CPU nodes.

By i so la t ing  the terminal and the limited memory delay nodes ,

the th i rd  type of stat e dependent service ra te  described in

Chapter VI could be used to model the effect of limited

memory . This could be done by restricting the flow of users

out of these nodes into the rest of the network. Unfort un-

ately, the time limitations of this thesis effort prevented

the investigation of this possibility.

Cone lus ion

The experiments conducted indicate that the closed

queueing network model presented in Chapters VI and VII is

a v iable  model fo r  per formance  eva lua t i on of the  DE Csy s tem- l0 .

The model allows a great deal of flexibility in modeling

changes in the hardware configuration , workloa d , and the

resource allocat ion algorithm parameters . The cause and

effect relationship between f-he PQ1 quantum time slice and

system response time for different classes of users can be

studied. There is also the possibility that a state dependent

4 
solution can be derived for the representat ion of the concept

of limited memory and its effect on system response t ime .

140 
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Future Efforts

The following are topics of studies which could be

conducted as an extension of this thesis:

1. Additional experiments need to be executed to com-

pletely validate the model. Although the experiments

conducted in thi s thesis effort indicate that the

model is a valid CPE tool for performance evalu-

ation of the DECsystem—lO , additional experiments

are needed for different workloads to increase con-

fidence in the model.

2. The swapping algorithms of the DECsystem-l0 need to

be studied and tested to determine a state dependent

service rate for the subset of nodes consisting of

the terminal node and the limited memory delay node .

3. A workload characterization of the DEcsystem-l0 is

needed to supply the input to the model to produce

results which can be applied to the actual manage-

ment and control of the DECsystem-l0.

14 1 

-~~,-,-—~~~~~~~~~~~~~~~~~~ —---__  -~~~-- -- -—



-4

4 Bibliography

1. Dodson , Philip 0. Control Data Corporations Cyber 70:

4 Procedures for Performance Evaluation. Unpublished thesis.

Wrig ht-Patterson Air Force Base , Ohio: Air Force Institute

of Technology, May 1974 .

2. Bell , T.E., et. al. Computer Performance Analysis:

F r a mew o r k  and Initial Phases for a Performance Improvement

~~~fo rt . R-549-l-PR. Santa Monica , California: Rand Corp-

oration , Novembe r 1972.

3. Datapro Research Corporation . “Di gital Equipment DEC-

system— !0. ’ flatapro : 70C—384—Ola—70c—384--03b. Delran ,

New Jersey : Datapro Research Corporat ion , June 1976 .

4. Digital Equipment Corporation . DECsystem-l0 Monitor.

Unpublished course handout . Maynard , Massachusetts: Digital

E~4uipment Corporation , (no date available)

5. Digital Equipment Corporation . System Administrator ’ s

Guide to the 6 . 0 2  Scheduler .  Maynard , Mass a c h u s e t t s :

Digital Equipment Corporation , September 1975.

6. D i g i t a l  Equi pment  Corpora t ion . DEC sys t em- lO  O p e r a t i ng

~1~ tem Commands Manua l .  P u b l i c a t i on Number DEC- lO-OS ThIA- .A- P .

Maynard , ~assachusetts: Digital Equipment Corporation ,

May 1974 .

7. Digital Equi pment Corporation . !)F(’sv stem— lO ~‘i o n i t o r  Calls .

Pu b l i c a t i o n  Numbe r D E C - l 0 - O M C M A — R - D .  M a y n a r d  r~as s a c h us et  ts:

Digital 1-qui pl ent C o r p o r a t i o n , 1976 .

142 

— - ---- --—~~~~~~ — --~-~~~~~~~~~-- --— ----- —--- -



~~i~t-~~~~~~- 1~~ ’ 
~~~~~~~~ 

- - _
~~~T

8. Helleman , H. and T .F .  Conroy.  Computer  System Performance.

New York : McGraw-Hill Book Co., 1975.

9. Svobodova , L. Computer Performance Measurement and Evalu-

ation Methods: Analysis and Applications. New York :

American Elsevier Publishing Co., 1976.

10. Kimbleton , S.R. A Partial Structure for Performance  Evalu-

ation. Ann Arbor , Michigan : University of Michi gan , May

1973. AD A0102l4.

11. Lucas , H.C. “Performance Evaluat ion and Monitoring. ’

Computing ~~~~~~~~~~~~~~~~~~~~~~ 3: 79-91 (Septembe r 1971) .

12. Bell , T.E. ç~~ p~~~~r Per formance  Manag~~ment Throug h Co n t rol

Limits. TRW-55-76-01. Redondo Beach , California: TRW ,

January  1976 .

13. Sekino , A. Pe r formance  E v a l u a t i o n  of Mul t ip rogramm ed Time-

Shared Co~~~~~~~ ~y~~ ems. MAC TR-103. Cambridge , Massa-

c h u s e t t s :  Massachuse t t s  I n s t i t u t e  of Technology , September

1972. AD 749949.

14. Drummond , M . E .  F v alu a t i orm and Measurement Techniques for

1 Computer Systems . Englewood Cliffs , New Jersey:

P r e n t i c e — H a l l , I n c . ,  1973.

15. Bell , T.E .  c~~ i auter Performance Ap~j~y~~~s : Measuremen t

Objçctives and Tools. R- 584 ---NASA /PR . S a n t a  Mon ica , Cali-

fornia: Rand Corporat i on . February 1971 .

1.6. Nut t , J. 0. !~puter ~
-~yst m i  Mon i t on n~j c~hi.iques - C U — C S —

0 1 3 — 7 3 .  Boulde r , C o l o r a d o : Un i v e r s i t y  of Colo rado , Febru-

a ry  i~~73.

I 4 3

—-a—--—- — - - -  ~~ - -



17. Fishman , G . S .  Concepts and Methods in Discrete Event

Dig i ta l  Simulat ion. New York : John Wiley and Sons ,

Inc., 1973.

18. McLeod, J. “S imula t ion  Is W h a — a - t ? ”  S imula t ion,  1:

(F all 196 3)

19. Cof fman , E . G .  and P . J .  Denning , Operat ~~gq Systems Theory.

Englewood Cliffs , New Jersey : Prentice-Hall , Inc., 1973.

20. Muntz , R.R. “Analytic Modeling of Interact ive Systems .”

Proceedings of the IEEE, 63: 946-953 (June 1975) .

21. Wong, J.W. Queueing Network Models f o r  computer  Systems.

UCLA-ENG-7579. Los Angeles , California; UCLA , October 1975.

22. Moore , C.G. Network Models for Large-Scale Time-Sharing

Systems. Technical Report 71-1. Ann Arbor , Mi chigan :

University of Michigan , April 1971. AD 727206

23 .  Jackson , J . R .  “Jobshop-Li]ce Queueing Systems . ” Manage-

ment Science, 10:131-142 (October 1963) .

2 4 .  Go rdon , W .J .  and G.F. Newell. “Closed Queueing Systems

w i t h  E x p o n e n t i a l  Servers . ” Qpera t ions  Research,  15 : 2 5 4 -

265 (March  1967)

25. F3askett , F., et. al. “Open , Closed , and Mixed Networks

of Queues w i t h  D i f f e r en t  Classes of Customers. ” J o u r n a l

- - 
of the A CM , 22  :2 4 8 — 2 6 ( ~ (A p r i l  1975) .

2 6 .  Scherr , A. An AnaI~~~~ s of T ime-Shared  ç3~p~ t e r  Cy.- t eus.

Cambr idge , M a s s a c h u set t s :  M I T  Press , 19r7 .

2 7 .  Chien , P . P .  “Q u e u e in q  N e t w o r k  Mo d e !  of I n t e r a c t i v e  Corn—

puting Systems .” Proceedings of Ibm JChV , 63:n5~~.a57

(June 1975)

14 1



- 
~~~~~Er- - . ~~~~~~ ~~- - ~~ -~~~~T ‘~~ i:~; T T ~ T 21. T I7T ~~~~~~~~ i. T~~~ ~~~~~~~~~ 

-

28. Kleinrock , L. Queueing ~y~terns, Volume I: TheorY . New

York : John Wiley and Sons,  I n c . ,  1975.

29 .  Cox , D . R .  “A Use of Complex Probabilities in the Theory

of Stochastic Processes. ” Proceedings of the Cambri~ q~

Philosophical Society, 51:313—319 (1955)

30. Chandy , K.M. “The Analysis and Solutions for General

Queueing Networks .” Proceedings Sixth Annual Princeton

Conference on I n f o rmation Sciences and ~y~ tems : 224-228.

Princeton , New Jersey: Princeton University, March 1972.

31. Muntz, R.R. and J.W. Wong. “Efficient Computational

Procedure s for Closed Queueing Network Models. ” Pro—

ceedings of the 7th Hawaii International Conference on

System Sciences: 33-36. Honolulu , Hawaii: University

of Hawa ii , January 1974.

32. Buzen , J.P. “Computational Algorithms for Closed Queueing

Networks With Exponential Servers. ” çommunicatipp~ of

the ACM , 1 6: 5 2 7— 5 3 1  (September 1973)  -

33. Little , J.D. “A Proof of the Queueing Formula L =

9p~ rations Research , 9:383—387 (May 1961).

1~

11 5

- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~- —~~~~~~~--  -- -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - L~~~~~~~~~~~~~~

Appendix A

Source L i s t i ng  of Program -

‘

1

M

F . .  
-

-

146

~

.. ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I-

0.
I- Li ~~.IA —

z
o ~.i) 0 i.- -~
U ~~ i-I )- Li’ IL ~ Li Li Li
..c r~’ i.L m vs o ~~ z r -i ~-. —
Lii C O~~~ 0 Ci 001 - 0 ‘~~~~~~~~~~~~
0. 3 CI _j VI c~ I- ~~ IL I— 1- ~-i -I
.
~~ i— = 0 Li • C) Li 0 Z 0 Z VS ~
I— Ui 0 L. 0. Ui VI Lu C L~ I—i ~i Li. fr—i ~~
~ z ‘-I ~~) 0 0 •- U i] :  VS t~~ )-. .-4 • Li

F— F— Li ..J fr-I Z ~~ F— Ui ~~ 0 0 I— — —

VI ‘~~ Q. Li 0 Li _I D a- Lii 3 i-i -~ — a- -4
Cl. 2” ~~ ~~ 0.. Ci IL I- F— C’) Ui LA C -t 3
2 fr—I .J ] : Li .J 0 0 Ui Ia I 7 i,j ~~

‘ D~’ .‘
,—~ iu ~~ c:~’ C l :  I— 0~ 0~ i~-J 2 Lu c~ .-l 0.. IA —
ii ~~ 0.’ 0. 2’ _i • Cl Cl (I) ~ . .-4 t&I •
U’ Iii LI I ~~~ ~~ h~ (ii Cl U’ — I— ~~ LA
Li ~~ C Li . .-J Y 7 p-.. • C5.’ 2’ 7 I.-. ‘~~ — .-4 4

c C I  W i -~f cT4 -4 1’ a- 0.’ F - L A~~~~~~
Cl C) fr-I Li. = .-4 i—I Cl ~ii .-I Cl Ui (S~ ~ 4
F— C- Z 1 C) F— IL C) r vs ~)  .. 0 fr-I U) Cl

— I, I ‘-~~ X. I 7 2 fr-I ) 2 . ~~ &J 0’ .‘ L~ 0.’ CL ..J
Cfl VS 7 r ~~ Cl Cl C) .~J e— T~ : CI — Li ~~ i-i
Li ’ 0 Ci’ I— 0.’ Ii’ I-’ VI UI I— C’ IC% La ’ —. VS 0I —

... C) C .- L u I] : C i~ ~~ i—I F-- C)
Cl ~~ 

La. 3 F-i I I— I— 0.. .- 0’ 0 0 ‘ 3 0-
fr-.- 0’ • I-. I— I-.. fr—i Cl F— I— 0 I. U 10 F— ,r~ Cl

~~ I C/i i’ - 7 ~~ 7 F—I F- VI .J 7 C) — I—I — — -~ —
I— CL. ~~ 2’ = 2’ i—i ~ Q~ Li ~J I— Li 0 ~~ 

__ — LA ~~(II I~ I Y fr—I (/5 ~~, C, Cl fr-I S .-4 I/fr Ai ~~ ~ i
0.. 4—’ 2’ F— in U 1 Ci tO VI (I) I— Cl fr-i •- ~~ •‘

F—’ VI • C U (\ _.J ~~ I— 2’ ..J (P ..j c~ ~~ —4 Ui
-‘ >- ~—~ C” ~

, • I.’ (~~ 
g 2’ I” (5 ,,‘ ‘~~ ~~ —~ 

~~
‘

o 0. ci C,’ t,~ i—- ~~ a.. -
~ .i .. C ~~ 0

• C) Si I i — 2’ C-~ ii ’ .~~ .i Li fr—I 1 I, Ci .-a -I fl’ Cj -4 S~~
L (/5 45/ i.J )- V. C) & Cl C) Ci 2’ ~ (~) — Cl S—I C.) .- ‘

~~ 0 W~~~~~C - V L a Q. 2’ fr—I O V) Z I i — ZY > C i C l
a ui e - C 2 ’~~ S C C l  • C ) _ iLL. 3~~~~~Cl Pfl C) C) CY L’j LI. -.-
7 a iii ~~ 1 C) Ca. i—I Li IL Lii - ).i- Ci 0 Ui 0 ~ 4

~~~ 
C” Ci C) Cl ~

- 
~~
- r’ F-- C- ‘,J • I— VS ‘ . U  T rI’ ~~ a’

— ]: T L C i  Ci~~Ci C O  ) V I C I  U i C~~~0’ 0.-. — 2 ’  ~~
~~ 2’ 0 c~r, 

cp 0 ,-‘ .- F-- r ~~- >- .j 0 - -~ 0 Ui
Cl. ~i i , .5, . Cl ~ t~’ ) _i U. VI = i—4 2 ’ - __ ~~ S--I ~) ~~
C’ .5’ C) i V ~ F--- r Cl. “ I ._J C) I— —I — —4 .-4 V/I
Li 0 VI C_i Li • I Cl a’ Cl .. — ~, -~~ — i—i ~~~ ~~ ‘ ~~~ - - -

rs’ (V ) 2’ • ~j  2’ — C, C F— 2’ 7 ‘ii I - I — — — Cl. “ -I ~t ~~ I~~ .—4 -~
i~~i CL () F-I Cl 4-- L ’  2’ 0 0 0 F— Cl -4 C~ C Lii ~i
0. fr-4 0. C~ Cl (P F- I-I 4-4 ~~ 4-4 Z -t ~~1 ‘-4 ‘-4 Ci (V Ii II Ii II II

i & I X ’ ~~~2Ui 0 (. l C i  — i , i 7 1 — F - - 0 7  O — ~~~- . - ’ - ’ fr-I fl.
I 3 I 0 i LT >( L i ( ’~J I W C l C l~~~~~ ~~Q~~~~I•- .~j~~~ .-4 L’i I--
I— VI (/5 fr—I ~ (“1 F— 7 4— 0.’ 0 0 (/5 C) >- 0 - U C-’ Lii Li Cl ~ I’)

0.’ .i 1 0 C l CY 7 0  aJ 1 i C i L. 7 F - F - c f r —~~~ _ i o v ’ r > - F— Lu
I.) iii La I I ,1 if. S—I F— e I). cM s--i ~ (I 4 rr c r-’ C’ 2’ = 4— VI F--i
o Q~~~~v j c i i ac o~~~~~v’~~~’~~.i
Cii O fr-4 c1 • I Z ~~~~~j r O f r — 4 0 . s
Ci ): 5--- CO Li F— Cl 0 ~~ ‘ I-’ C_ CL La. Ci C) f r - I  = CL C- )( 0 7 T 7 7~ I—I

~~~~~~~~ 4 L ~
’
~

C )  C a C )  C )  C )  C C S  C )  I C... C) I C ) I Ci ) 1 1 a C ) Ci C ) C.)
C, (~) Ci o Ci C-.) t- ’ (..~‘ C) C)  Ci o ~~ c c c i  ( C) Ci C) C) Ci
C_i Ci Ci C.) C) C) Ci Ci C ’  C) C C, L) &‘ e s  L’~ L Ci C.) C_i Ci C.)

14 7

- -- - -~~~~~~ - — - - - -  



- T-i~~ ~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~ - - - 
-. 

~~i~~~~~~~~~~~~-~~
-- 

- 

—

VS
VS Z

U) Z 0
F-I 0 5 I-I

2’ Cl F-I 0 (/)
Cl Ci F- Li C’) O~~~Lii ~) Cl ~~~LiJ a’ 2’ U.0 a’

a’ F- I CO P—i F- Cl VS Li i-I C’) S-I
F— Cl F— • F-) I—I Cl a’ S C/S VI 2 ’ a ’Z Cl I Li — U) Li Li fr-I (V Z Ui 0 F-

Cl TI I— C/S C) I—I U) U) C) • Li Li • ~~ P—I U)
C) F- • (V 0 1/) — (/) 5 ,,. —I fr-- 5---I

Li • 3 CD • Ui 0 Ui Li ~~ fr-I LU F-— Cl C
I (I) 0.’ (1) 7 (V-I C/S ) I 0-  00. C l J
Ci a-’ 1aJ 4 ~~~Cl 3 0 ~~‘V I  I— >- —) )- . .J ) > -
5—I Lii C/S (V Ci C) + Z hi P.— LI I— Lu Ci I—
I VI • S La.. (0 Cl Cl-I • ) 0 0.. ~~ Iii I ~~ (V _i i—f
2 7 Cl 0 0 La.) (V C’) ~-4 F—I )— • Cl 0.. F— Cl Cl

Cl 0.’ 0’ Ci I Iii C/S F— I I >- S Lii C.) fr—I
V) •  _-i (V C l V I  (1) 0- (V T C i +  0- 7  F— — I CO
Li S Cl C’ I— C’ Lii 0 C) Cl )— Li U. 4--I Li • Lii s— Lii Cl
C’ ‘Cl F- 0 C) (V Ci LU U. C F- C’) I— 7 0 0’ 0 La. I CI I CO
o O-’ 0 C? F- 0- ~ - 5 2’ a—4 CO CI ~) 1) C) VI I— 0
2 VI 5— 0. 5— F-— Li Cl 2’ * U. C 0.’ I—I 2’ 5—I 2’ 7 0’

0 U. Lii Ci 0.’ 0 0 L~? .J ~~ (V c i—i Z ~l.U . Q ’  L a . W  0] :  U . Z  Cl Li Lii C -P-I -Cl F — a - C l  F- P-I
0 0.. 0 3  5— 0 5—i 0.. ( j .Z C ’  lii ]: 5 5  Cl 4—I T 2’ Lii

F- Cl’ VI 0 Cl 10 5— F- C) (V - Lii fr-I I—
CV III IV V i  7 CV 0 5— 7 Cl 7 i i i  F-I U) Cl
I ii 7 CO s—i ‘i LU Lii 0.’ F- )< (V • I jJ LII ~~ Iii Li U’ 4-.

CD F- a- ~—i T a) s— i— LU F--I Cl • — C I— 0.’ 0. C (V (V 5— CI)
-i 0 77  Cl CC’ (V S  J 5-I Li Iii Cl Cl ) Iii Cl 0. Cl - -

2’ Ci 2’ U! ~~ (ii F— 5 2  Cl 0- F-- 5— U? F— S
2’ I—I (a I— 7 (P If) ~~ >- ‘i~ Cl )- C ’  F--I ~_J CV I’- F— 0.’ (I) ‘

F— 7 7 Ii • 2’ Vt ’ Cr F- It I F- (a~ Cl Cl Cl C” I—i
S C, 7 2’ ~~ 1,1 7 Ci I IT) 0. F- )< CL. Li, ~~ 0. Cl 2’ La. 0.’
) I i  Li ’ I (/5 ‘ Ci ~~ S C) C’. 2’ Cl C) Cl I U S  5-4 CL C) C) C)
5— 7 (/5 fr—’ I J 7 Lii 7 2 Lii Cl lii S Lii C )< CS Iii fr-I fr-I

U-I Z fr-I Lu )< Cl’ 5—I 0. I—I S Cl F- Ci — 2’ Cli Ci i— ~~)( 1.3 )< 0.’ Cl a >( X F—I C) Cl Lu Li Li CI Ci Z F-I
C U)  C O .  I LLJ C LI Cl )C J C W C  I S— U. IOt a .  Z 4-I~~~r i,,i T t~l Ci S C  S C T~~~ L’C)C  F - C O  I ’ — 7 Q  ) l — C

(V (V LI S O C .)  7 5-4 2’ Ia. ILai
Ui C. Cli I Li Li 7 La, F-, J >)( 5 5 (0
I Lii T U~ F- 0- 1 Cl -r La I Cl Li CL Cl S S Li I—I Lii
F- (V s.. C” I— C) F- I ~~ C.) I I I I  TI S S -r i,, I

F- F — U) ’ - ’  F — 3 F -
S a I I I — —
S I I S S S I —) F
• I S I S I — — I

I I F-i fr—I 5
w (V (V Li fr- -
CI Iii w 0- Cl C’) — F- —O VS (/i )- F— Iii Cl 0-’ fr-I

D 5— VS P--i Cl
a-C ii ~~ a-C )( 5-4 F-I 0- 0- 5—
-Cl Cl Cl Cl Cl U) ) w z 5 - -
7 5 7 5 7 P-I Lii Li C) La.

( ( )  C )  ( - C U  ( ( S C )  ( 1 ( 5  C )  I s o  I~ C )  C ’  I)  C )  C )  ( i f S  ( u s  C ) ( i  • C) C ’  ( 5  C )  1 5 ( 5 ( 1  ( S C )  C S
C’ C_i Ci C’ C.) C) C’ C) C’ Ci C.) C_i Ci C) C) C) C’ LI Ci Ci C_i C ’  C..’ Ci (2 C) Ci C_i C_i C.) C_i c- t) C_i C.) C)
(‘Ci C) C .) C.) Li (2 (i C_i ( ‘ ( IC )  C’ ( S C  ( ‘ C )  C.) C) C.. Ci (~ C.) C_i Li Li C )  U’ C’ Ci C) C) C) C) () (~

4.,

148



-, - - 

- - _______

•

Lii
0.

Li Lii
7 0. 0..

Cl S C )  Lii )— ~~S Cl a C )  I F -
ti) • C l -  C S

75-4 Lu U.VS 7 0- ’  Cl ZV )
0 C) La.~ V) Ca l-i (VO Z 7  WI—

Li. C’ C’i 00  C) fr-I O Z  5-—  ~ - ( V
0 Z a-C Lii 2’ Lu C~J Li • 2’ V—I Cl Li

Cl Lii C Li .4 5-- Lii I La. CI (1) L00~ Cl’
Z Ci’ C) Li 2’ F- LI Cl 5— 5— Li Lii 0 LI S-I Lii Cl

• 0 2 Li Lii S Cl F— F- Cl CI I I— C CI
— F-I Li F-I 2’ ~~ — F- Cl (1sF- 0 F- C/) 2’ (1) C)
5— VI I 7 4-l w C/I F- (1) •Z 2’ IaJ (V U . F- 0
Cl Z F- U. (00. CI) Cl 5-I V—I a-C Ia.i 0 C/l Id 0 5-4 (V
F- Li C) a- C 5-I F- b-I Lii C/) 0.
Cl) 5 2’ C)’ 

~~ F- a-— U. Li S Cl (/1 Cl’ ~~ ~~ 2’
a-C fr-I 02~ iii a-C a-- Li. U. C) 0 — 2’ 0. 2’ VI Li La.
Cl CI 0 > Cl’ C La.. 0 5—I C) ~~ Lii Li Cl I 0
S fr-i 5-4 00 5 5-1 ~~ Z 2’ VS 0 7 0’ U. I- 3

• C/S La. — C) Z Li 0 5-I ~J 5—I 0 Cl)
• CI 2’ 0 I i  Ci 0. fr—I U. Cl C) (/5 Cl 5--i 2’

C/) ii ,-I C? W 5- Lii Va 0. ~~ (1 (/5 0 0. Ci 0’ Z C)
fr-I Cl 0’ 05 )~ C) fr-I VI (1) 2’ a-- Li Li 0 5- Li i—.

4-4 t i l  C-) fr-I VI Cl 2 0 Li Lii a-- 01 v’ s- C C) C/S
F- C)’ VI !LI CI Q.. 0.. 0 Vii F- 5 0. Li F- F— ~~ U’ I 0 Z • —
2 0 ~~ 0’ 0 C/) fr-I F- 5 5- a-— C Z F- 2’ Li —
La. F— a-C I U S  I- ‘5( 5- C) 5- C) C) F-I U,  U F Li)

C) Cl U. I Li (/5 CI C) La.5 2 Li • S a-— 0 5—I CI
U. Cl 5 0 F- C F- 5-I Ui VS Li Lii VS F- • La. ’ b—I 5— F- 00
Cs U. i . U  VS 1.1 ) I I Ii ) ~~ — CL Ci 5—’ 1

Z C/S F- U. I F- F- 0 Cl (‘U a-- C) Li a-C
Cr F-I C/i C • vs C 5— a-- a-— 5— 5— V - F--i hi I Cl
2’ 5- 5- a-- Cl) 2’ Cl Cl’ 5-- T Cr Li ’ F- S
C) U. 5— Li • a-- uS Z C C) • Lis C CV 2’ Cl U F- C CS —

- c0’ Cl Cl. -. Cl -r 0 Ci- • C) - La ’ • 5—I 5—a C? CD F- C) CD C) Li
C/I C CS Cl C’) U)’ F- I—I CV Iii Cl C’ — La. (/1 Cl ~~iV l  0 CV • C)
2’ Li 5— 0 F- Iii (V C/) Cl 0 0 La fr-i Z i-C Cl’ • 0. 0. ) 0
I C) ii NJ Cl 2 2’ 0 C’ 2 0. C) L’ (0 2 Cl Lii 0. 3
S J Cl LI F—I i-i Lii C’ Z Z >- Lii 5 0 5 C La ii LU )C
5—, Cl La. I - I J (/5 C 7 2 5—’ 2’ F- Cl F-a 5—a 5--’ — C’ L.iI _J C- Cl
CD ~~ 5- IF-I 5--I 2’ (/5 5- 5—I 2’ Lu a-C C/i C ~~ F- ~ 0 IS-i Or

5— Li. fr-4 iii C il’ LU Ca. > ~~ (5- Cl La = 7 F- 3 2’ —
Li i I 5— (5- ~ - 05-4 1 I 0 5—i 0’
I I I fl-

j 
~~q 5, ’ C) S—i ~~ U” I ~~ s.~ Cl 5

F- I I C F- I  X C ’  I S S
S ~~~ (‘) F- I I S S

-‘ S S —I-I -. I I I 5- I — —— S—I 5 fr-I ~) -~(V 5 .4 C\J 0. Z — —0 C’) Lii Lii a-- C) VP S—I
F- i-I 0. 4-— F- I- C) (V
C) 1i5 5—I Cl Cl LI S Lii C)
Cl CI 4-— F- C C)’ VS 0
Li. 2 1/) VS CI) 0 0 0’
fr-i fr-I 5-4 F-i 5-’ 2’ 2’ Z 0..

(~~ 1) C) ( S C )  1) C )  ( S C )  C’ C)  ( i  (~ C )  Ci ( 5  ( i C ’  ( , ( )  ~~~() C a  C i  t i C )  C L i  ( 5 1 )  ( ‘C ’  C )  Ci ( S C )  5

C..’ C) () C) C) C) C.) C.’ C) (~) C_’ C-~’ C’ C) C’ C~’ C C) (.’ C’ (‘C’ C’ (‘ (31) C.’ C) C’ C’  C) C_i C) (~) C_i C_i
C) C.) C.’ C) C _i C) (.1 C ) C _ i  C D L I I )  Ci t_i l) C) C) Ci LI C C’ C.) LI C) C) C) C) C.) C) (‘C) C.) C) C-) Li C)

L49 

-—.-.----- --. --- ..---~~
.—- -- — - -- .— -—-,.. — _. -- . - - - - - - -- - _ —- -,- -----“ -- -- -



- .5_ .— . - 
:_ -.__.._ 

~
—‘----—------

~
-- --‘

~~~~~~~~~
- -.- -- . .—..— 

~
. -

-~~~~ ~~~~~~~~~~~- -- - . .  -. -

_I
Z Cl

C) w
30’S-i Lu VI 0. i—I
It ’ Cl C/S i-C — Cl’ I— a-- — 0’
~~ 2’ • Lii Li Lii 0 F- F— Li 0’ Cl
5-4 hI (ii 2 (ii CI U. Ci If) I— C C) Cl —

U . C ’ O T  F-I F- ZC )  
~~ 0 ~~a’ Li Li- 0 5-

0 C s—I C s--i 0 O’ C) OZ  7 0’  0’ H.Cl 0. CD LII- 2’ W I~~~ ) 0’ W F — ~ a-C CO  0’
~t
’ (/5 C. C/i Lii 0 0’ 5— Cl 0. (/5 ~~ (/5 Cl Ui 3 Cl •
0. 2’ Lii 0 0’ 5--I Cl S Iii 0’ 0’ 5 5 5—
0 S—I La. I 3 3 CC / S  ‘ (V ii. Lii W iii • Z 0 ’
2 S- - I— ii Z Li • C O  ) (~~ (/I w z . —  C O

LI~~~~Uu Iii (VF- I L~J ~~~UJ I Iii UiX
Li) F--i F- ~J 5—I C_i S Li o-’ Ui (/5 Lii La. 0’ 5-- Lii C) S F-
Z VI • (0 (0 Cl S—4 I W Cl 0’ 2’ 0.. 0 a-- Cl 1 0 Ui
C) J fr-I 7 0. CD 5— C’. Li C) a-- L u)  F— 2 Iii Z
) Iii U fr -I C U) Ci 0’ I F-4 F- (/5 _J F- a-C S

(/1 Ci I 5— • (P L~ F- 2 Cl F- VS • Z • 5—I 5—I ~~ 2’ Cl I— iii
0 5 - 0 .  Z ta.J I C 0. Z - .  C lO~~~ I— _J F—i S S

C 7 V--I 5- Cl F-i F- 5-— I 5— CD 5— LI Iii fr—I Lii Li ~~ ~) — Lii F-
7 CV Cl Cl • F— C CS • Cl 7 0. Ii C/) C) CD C ) C/S F—

5— ~~ F—I 1) 5-— 5— (/5 5— (V I S—I ) 0 2’ a-- CD Li.. ._l LU Ci) Cl 2’
Cl (V 1/i VS Cl I—4 VS • 5— a-- ) 0. -4 5— CI F— Li - I— 7 0 Cl 0 I—I _i fr-I •
I C) C/S C i-C I S--I Cl 5— LI )< Sit S i-C C) C) —
4- 3 LI Cl I— J Li F- 5- U) U. (/5 a-- Li Cl 5 5- 4  Cl U. VI 2 Cl 0 C/S Li - -

F- I’— C/i S Li) I F— CI) .-J 0- 0 5— 5 5 5-I CI 7 0 2 0 LI J UI CI
a-- 5 , 5  Cl a-- C) 5— 0. ~~ b—i a-- a-C 4-4 4.— . F— — 0 5— 5 , 1  CV Cl Ci 0
F- 5-— Li F- C) 5—I Cl C) F- (“ Cl _J UI ti Lii 2’ S—I I C Ci 0 Z
5—i C / ’ I V I  5 - 5~~~~ C) ’5  C Z I  fr—I C L i ! r C I  0 1/) C ) F - 2  2 )-C

I. I I— fr —I ..J i~~i ( 5  — fl~’ Li C) — C) • Cl) ( 5  5— CD s--i 2’ 0 ~~1—I I ii. s-—a ~~ C/5 C 0 s--i ‘.2 ~~ s—s 7 F—s 2’ 5— Lu (/1 5— U. 5-— (a. ’ S
C f r — D a--- r CT - C’ ( f C ’  It (S (/5 .) Cr’ ) 

~~ V I—
Cl I— Cr ~1’ ~~ 

— 5-4 C) (~ 7 a-. CD ~~~‘ .1’ ~V • .-c 5-— 4—I ( I—
C 7 C. () ~~ 5- C,. I) L a .  5— (V C) L Li 5-- - 7 5—’ Ci • i- VS 2’ Ii i  C/S
Ci I-i C) CT C’ i--- -~ (~ I ’  1 , 1  7 V C C — C/I Cl CV 0 (/5 F- 5-I

• iii 0 (5. VU F— ~~. Cl I (/5 V--4 Cl 7 I. F- IA) I i )  (V I • U  F-I ~~ Cl C
0. (/5 Li a-C (V Cl 2 C/i ~I S F- C 7 Li Lii Lii C LI 5- 3 C) (V (/5 C/i a-C

L, ’ b — Ui 0.. F- -c  1 4— C) 100 ’  P— )- Cl~~~~~2’ S — U )
Li C’ Cl C) Li ~J Iii C) I F— ‘Cl Cl 5— 2’ Cl F- Iii Cl CV La.
~~ ‘ 5-- 7 U. I I I a-— C) I Li ’ a-a C’ U 7 (5’ ‘ii CD
5 - -7 t / I - #--I C F— F - F - C D . .  I I I I •C  7 0 4 - I  (V t/ i

I I I—~~
)
~~ I-i Ci Cl~~~~~~I — I I v s . ,  0

4 I ‘1 I (-5- 5— I I  s ’s 5 ,  5—i

S •- — — s C I T  7 C C/ S
I 2 TV 5-- 4-1 2’ - .— — —fr—I S—I 5-—I 5—I S—S — S (5’ 4- 5

— — — — — -, 5 0 Cl S—I
5 0’ 0’ F- Lii — I

Cl Cl CD C.) S-I
o S (S. ~

— F--I — C 5
C)) Cr 0.) CD Lii S
O 0 0 0’ 5- 0’ IL-
Cl’ 0’ 0’ 0’ Lii 4- Cl
(5 0. 0. 0. S/S 2

C~ C ) ~~~~~~~C -  C~~ C 5 ( . ( S C ’ ( -  ( S l i t ’  I I) f 5 I ’ f ) ( ~, C ) ( ~ C ’ ( i C ’ C S ( 5 ( l , ,  C ) ( - ( ’ ( ’ ( 5 ( S C ) C )
(i C i C C C C~~ C) L )I ’ C ) C D C ) C) L’ t’ C ) C ) C I ( ) C ) C ’ C ) C C ) L’ ( (.) ‘ C i C 5 C i C ) C ) C i (2 - C
C_iCi C_. C ’ C i C ’  C~ 

( ) CI C.) ( ’ ( i Q ( )  C C ~~ ( ) C) ( I C  C~~~C) & ’( .  C - C S C ) C ’ C )  C) C) C ) C ’ C ) C _ i C.)

‘I.

1 50



r- —
~~~~

‘—— - --- -
~~
--

~~ ~~~~~~~~ ~~~—j — . -- --.— —~~~~~ 
- - --- —-- —‘- —~~ 

—

~~ 

E ;  
!~ 
!~ !~ 

hE:
lit Lii Iii I UI S— S UI 7 — F— CV Iii 7 5— l~~(P C / 5 0 F - C D C -  F - W C 0’  Z C U.

2’ 2’ Cl (V S-i Lii 5- a-- VS 5- La. Cl
F- 5—- ‘ ii 5— Iii Iii C/i CV Cl (/5 (/5 Iii — (V ~~ — C/S - 72 7’ 0. Cl (4 5—I 2 ~S Cl 7 (1’ (11 7 —I —
UI Lii Li) LU a-- Li Lii Iii i-C Li • Vs — (V Lii 0 Lii (V
C CD C) C/S C) 5— 0. c_i 0’ 7 ‘Cl C/S (/5 0. Li F- 5- 4— Li
2’ 2’ 0’ LI S—s Lu s-i 7 C) 7 tu a-- u’ .

~~ 4-— Cl (/5
La. ’ Lii (P Iii VI Cl CD ~~ I CS .- Iii Ci F- D F- 0 5— ~~0. 0. Ut (Ii Lii S-I 0’ 5-— Lii 0 5— Lii Lii 5- (/5 Z C/S i-C
V i i  1 .1 5— D F- I. l.a I l a S  C. UI (/5 7 C’ — I-I ) I—i Cl
C CDCl  C C ) L- (/ i 2 T >-  C/S i-— C V I  — Li.. .7

• (V La. 0’ 0 I U 5— F— 0 C/S - C Z U C 0’ -
Iii fr-i 5. l Cl) (/5 Iii T DC _J • 5W) 5- — ( )  

~.5 1,1 C)
F- 5— I ,J LU 0-’ 2’ 2 C C.) 0-’ LI Lii Cl Iii 0 Cl I I— CD
~~ L Cl Ci (V C.) li i C 5- • 7 ii _J 5--. CD — 2’ Cl F- C) 0
F- Cl 5- 5-4 tj~ 5- (.-

~ 5—I I— 4—i 5--I — Cl F- 5— 5-4 I’  . 7 Cl 7
Cf C) (P ~~ C) D’ 1) CJ~ C (a .  ~~ Li- Li- lii C )  4— — iii Li~ SC

~~ (-V 7 0’ 2’ ~J Iii U’ CD (/5 Cl S—I I i—s Cl 5W’ F- I—’ Cl
(/5 C)  LI L u l l .  Lii ‘ .5 Cl) CI 0 5- 7 Iii F- 5- lii Cl — 7
I~J 5— 2’ C/i 2’ V C) S (-V C) C) Z 0 (0 0-’ C/i 5--J ~J Lii —
5-— Cl 5- Z 7 i-C VS 0 Cl V F-- i_i V F--s ~~ 

(.~ (/5
cZ I I S C Li.) Cl 5-I 0’ LI = (/5 C VS C_i fr-i U)
e~ (/5 5 5 5 I F- F- S I C.’5 0 Cl) C) — 7 5-4 ~J ~~~ C
I—i Lii 5 I Lii F- Cl C — F— 2’ 5— Z 2’ Cr — — C (V~~C) 5— 1 5-4 VI fr-I F-I CD U. 5W) C) U’ F-
Z C .-4 (Si 5W) F- I (V — CV 0. i-C (/5 5-4
5-4  CV S i-C Cl Li’ 5W C) Cl a-- 1 .1  C) — —

I 0’ r VI F- .— 5— Ci I— Li) C/S - -
I — C/i Cl C/’ Cl 7’ — CV
I — — .4 I 5 7 5— F- Cl 5--’ 5— 5— LU S -

I . 4 1 W  2’ D ..Ut ): - 0 ~~~~~.-l S ~iJ Iii 0. • C lI .V  2’ Z —
— —a- ~. O 5 -  I 0.- Z~~- Z 0 ’  —
S—i — 4- 5— 5— 0 S-I Cl 5—I Li (I) U. U.
—~ 4-4 Ui Cl C)’ (I’ Iii VS
0. 5-— 5 Cl’ 7 ~

j  _J (0 _J ) CL J _J Li I
U U- 4-4 0 .0  i~ i J i C, _A V a-- J _J C))
C) Iii 0. 0 (a.- Cl. Cl Cl (5 Cl Cl F— Cl Cl C)
fr—I C- 2 La. 0 Ci C 0. Li 5 5-4 ci C..) 2’

.4

(- (5 (5 ( ‘ C )  ( 5 ( 5  ( > ( , C i ( 5  ( ) (S ( i  C.) (5  C i  C )  C: C )  Ci () (5(5(5
C )  L~ C S  C’ C Ci C C-’ C ’  C) CD C Ci C_i C-) C~) C-) C) 1’ C’ C~’ C’ C C.) C) Ci Ci
L ) C ) L ) C L S C ) C . i C. ) C . C ) 0 C - ) C~) C -) ( ’ C ~)L .  0 C C)  O C _ i C O  C-S O C.)

44

151

—~~~~~~~ --~~~- -— - - - .- - - - ,- - -. - ,- . - . —.--.,-.



-
- 

~~~~~~~~~~~~~~~~~~ ------~~--. - --. . . 
----- —

~ 
.— . --. ------ . —. -- . - - —— -- -.. --.- ‘.--.

U)
U) Iii

P-Li F-
Cl —

(Ji C F—
5— 5— VS •

— C lV S  5-4 2’
C/I i— #-4 — 0
LU V I .  5W) fr—I
S.— fr~4 Pi) Li I—
‘Cl 5-—, C.
I— .-I 5.i P 5—I 5—i
C/S Li~~F-I C/) VS 0’

• 0. 4—i 4— U) UI S—I
— F- 5—I .- Cl 5-I 0’ — .

~~ 2’ 5-— — ‘s-I ~) U)
‘s-I C (/) Li a-- (/5 5W) (/5 Li a-C C)
— F- 5-4 5-’-~ F- S—I i-C Cl F-- Lii
(/5 (/5 P S- -I S—S — Lii Lii Cl C) F-
2’ 2’ (“j V) ~J USC F F- 2’ —~ - i ’

0’ 0 isi S-i —s 0 . :
C) F- CD Lii S—I LU 5-i U) 2’

F- Cl rv Cl (/5 . C) — C) 5— S—I (/5
ii 2 F— V Vi 2’ VS 0 Cl (/5
a’ o (/1 lii 0 2’ La ’ Cl Cl’ 2’ 4— Li Li
• I—I S—I C Cl’ • — Cl. 7 LI V Cd’) I 2’

F- ‘- 2’ 0.. C/Wi Y a-- 0’ (I’ Cl X 5— F-
0. C -‘-4 5- Li )5 -  0 ~) Z C l  ci
U’ 5-—) ‘U — _J C Ci I—I La. 21 5 2’ ,.J
CD S-I S.— Iii Cl Cl) .- (V .- Iii fr—I Cl’

— —1 Cl 0. 2’ 21 Ci VS Lii (V (V
0. Cl 5-— a-- i-I 0’ uJ 0.. Cl LU 0-. 00
Iii S C/S F- (0 L i  0. CD C). Ci Li UI Ci
0 0’ 5—. a-C CV It — 0  VI ~~S I—I (/5 0’
5-i 0 .- Cl Cl 5— 0’ Z 0 ~~~:) Cl’ (V

— 7 (/5 7 7 Cl — CD IV Ci--’ 5-4 5 0
(/5 Cl’ — (~ S La. ’ S—i 0. 5 .5 — C-) Li.-
Lii U. LU C/i LU 0 CD Cl 0’ . VS C]) ci •
F- t (/) Lii ~T (~) 5— C 5— — III C) Cl Lii
Cl F- ~ l0. 5- U) 0 ’ F-  > 0.ii 0. F-

2’ a-- 0. i-C F-- 5-4 a-- l i t  Cl 5—I
C/ Lu ’ — F- I!~ Cl — ~~‘ I - C” F- 4- Ci
5—I F- ) 5—I 5— 5— 7 5 5-.. C) D S—I C

— C C’ — C C/S C) .- C CV — • 1 5— t i _ I
fr~ ._i C S  (/5 J C ) F— ..~ C~I~ 5-— Cl’ )  (0
Iii ELi ~

) ILJ SC  Z — (V U )  Cl
F’- Ci 0’ C C) I 0 F- C) C)’ Cl C) CL’ 2’ 0’
5- _i 0 0  _J I- 0 (/5 _J Cl & C) 05 -  0
(/5 Cl 2’ 25 Cl V C S Lii 7 — 5-—
I—I 0 — -  0 0’  —- Cl  C-) (T’C) O’ 0 ’ (V  C))

P 5-- 4— 0 5— 7 C — LI Si lii ~~S
4- 0 Z Cl 0 Li.. Z .. 0 CV _J Q. C/i 0 C/S —
DC 5-- La.. 5— 5— Ii. ( , t  5— 0. c$ i-- ~ a-- (/5 r
Li — (/5 7 CD — ~ F- V i-C C
Cl) _j  J DC 7 0  7 C~’ 5- F- CL )( Cl ~~‘ ~~ S C/S
7 Cl Cl Cl s—i 5--i 4—i 7 C_i C’ i-C Cl S Ifs .4 Ci 7 ‘5
5--I E F 7 ( 0 5 —  i~) V Lii i_i iii S .. ‘s-I .. ~~ 

j  (/5
P Q~ (V . .  (V 0 - C  Cl. o - — 0 C ) . -~~~~r ta. S I 0

F— C~) 0 La~J Cl CD Cl S a-C V 0. .4 iii csj .~s — o:) 5-— _j
Cl Z Z C:) S 5—i F Li Lii a-— La. I 0 ‘— i— : Ci
F- 0 a’ 0. F— (/1 — 0  U’ Cl .-fr--I (ii
VS _) .J 2’ J I— J 5—I _l J t~i ) 0 ~— 5-- 7 i-C F- (/5 _J 0.
V ~ J -J V (/5 _i ~~5 J _i C i-C - J 5—I (V C\i Z 0 ~ 1 0 0
-Cl Cl Cl C Cl 5-4 Cl (11 Cl Cl 0 Cl 0 00 ’  0 ~~ 0 ..J Cl 4- 2’
S Ci C) 7 C) CD (.) F-I Ci Ci 2’ 5 5--i C’ 2 U ‘-... C C) C) V LU

‘s-i .4 .-. ..I Cs. ‘s-I
c 1 1  c - ,
.4 .-4 (‘~C , C J ( )  C ’ C _ ) C ) C i ( )  C) C. C.J ( ) C . ) ( )

0 C-) Ci 00  Ci C Ci C) C) (~) C) (i- C-)
C - D O e S  L)C’ C_i C_ i ( ’  (_i C.)L)

1 52 



-
~~~~~~~~~~~ J ’  ‘~~~~~ ~~~ _i. -~~JT ~~

—

~

--— T~~
T- ----’- - 

~~~~~~~~~~~~~~

0 1
0

— ‘s-i 45
‘-4

Lii — P. 0’ — .j —p-~i — Li 1 0 Iii I
.4--I Li Lii F- * S— 0

Lii C/) 0-. o * 0 —
C s— i a-— ..o 0- * 0’ 0 x- :
0 — 5-- — Z S * Li) (0 5— (/1
2 5 5 W ’  V IAJ X W O  * ~~ LIW
V a - C  C 0 .C  IC_ i  VI S — S I  i - - V S
Cl Lii S a--. S F- — 5— 5— VS Cl
F C .- F- (0 0 Z U. I—

— 2 ’  W V 0 . .  Z Z  ~.J 0.. 2 ’ Z  Li
(1) 5-4 Ci Cl Li ) 4—I . _J iii a-- 4—i i—I I U-
(V .. 07  CD 0’ Cl’ Lii 0 5 F- F— 0
Li i-C Z 5-4 Cl Z Li. 5— a-C 00
VS — i-C (1) 0 5 i—I - Cl lii Li 2’ 0’:) (/5 -Cl 0’ .. F- C/I 4— 0 7 5— 5— 5—i Li)
Z Li S — S ) Li 2’ 2 5 2 ’  0)
0. Ct frI V Lii C) CS Cl . lii U.) C/’ S

0. a-- ~.i:) Lii 0’ 7 0-’ 0 F- C/i (/5
i - - F -  CJ Z I—J Cl 5—I I (0 t.sJ ’U V I Z
5— s—I —. S—I S—i VS F- (/5 0’ • 0’ 0’ -Cl :- , .- Cl’ ~~ - P- VS C/i I—I US 0 0. 0. F- —
CS VS (5 CV — F--I Lii Iii , I X (/5 Iii lii V
CD 0’ CV Li Li — Ci I 1- 4- F-- Li 0’ 0’ La. C)
2 Li CV VS Cs N) I~a.J 4— 0.— C/i U) C i-C Z 2’ 0 Z a-— (/5 C/) — —Li ! 7’ S .7  U) La. F-i F— F- Lii U) (/5 2 ’ :
P. F-I VS — V 0 Cl 0 Li 5—i CD 0. Li 0 (ii

I a~ .. 7’ Iii Cl 7’ F- 5— 5— 7 — CD ~ — C. s—I 0.
C VS Cl ’ C 5 4-5 Cl Vs 5— 2’ 5- V F- a--
S—i U.) 7’ 0 — CD Ci 0.. 0. • I— 7’ s—
‘a-. C) F- 7 Ii — s-V S—I 7’ 2’ 21 il’ Ia. SI 5—i
0 0 Lii i-C V — 5 . 5  Lii F— 5-I 5—I S—i C (5) C/S — s-i ~~s i t  2’ 0’ Cl 5— L, i  VS I (P P (/‘ Cl ‘s-I Cl’ (/5
(/5 — — S 1- - CD 7 F-- S—I It ’ Li ’ U’ Cd” t I Cl’ F-- 55 F-~ Cl

5— — CS CD DC CS’ Cl’ I Iii Li — C~ La. a 5—I VS F-
Cl Cl I i t  C) 7’ ~~ C/) (a . .  Cl 4- Lii a-— ~ 5.. .. 2

CD F- 5 . 5  CS 7 DC 5 C F- * 0 a-— CD F- 5 CD — CL —
(5’ VS CD 0 Cl — Cl Ci 0 * 25 5— 0 4-4 7’ 5-4 DC
CD. DC — 7  — 7 Lii Lii Cl Lii * S—I 2! 7 CV — U p—
Cl Cl. DC — - 0. 0’ CV .J * U- • (A V — Li C/S o 5 .4

ax F - - C iS Cl a-- Cl La. * C U’ .- ,—4 C (‘1 ( i S  Ci Cl’ I’) F- ‘..
F- — C ’ F 0. W I--- F - I C  : ~~ C/S — r i~j I.ss Lii : ~~.
Cl (.54-4 a-- Cl ) C_i C) — CV (/5 (ii C) Ci 5— 7’ VS o — :
Ca. 0 . .CD 4- Cl C i-C iii Cl C o • CD 2 2’ — Z) C) V
2’ a-- Cl” C) DC 2 5 7 il C’ Ci’ 5— C) Ci 1— 7 7’ 0 Ci Lii
5—I 4— Lii 0’ Cl • S—i 5 (0 s--I 7 2’ — s—I (0 DC Li S-4 ‘- — ‘s-I .-i 0.

DC ~-. CL • 1,5 F- 7 — —) La. Ci • Cs T • C’ ‘s-i -~ a--
5..I C Cl — — Ci Li S—I ~~~ S- 2’ Ci — —~ — “‘ .4 F- — ‘s-’ .-.. o sf— —. F—
Z T S - Z L S W 0  25 Lii .4 S -. Ci F-I~~~~ v c\J ’S.:  U\ 5—I -. ~~~~~~~
5--’ ~/5 0 Ci 0 2’ S—4 . C~ — S- Li (/5 ‘s-4 C’~i Li) u’ ii - — It (Si ~~ , U) ‘ii 55 — - 

- -
F- (V s—I P - - I O O D C  F -S  ‘i) . 5 Li..) -“-~~~ )C L ) - a-( ~~~~~~~~~~~~ Vs~~D — V S
7- Ui .~~V Z 7 C l  7 ’ C T  F- F- - Cl. I A F - U -~~~~~O F-C) J L ) F - U . 7 U S L a . i — F- C l
CTS VS a1 7 ’ D C V T  00 . ’Li ’ LIC V C l 0 F - 2 ’ L t~~~. . 4 W C l C > 5 - ( V F- t.a.~~C l F -  ‘llj
0 7 ’ 5 a ’ ” i C l C l  C V U ) s— 5- 75 0 5 —  C S T L JS— — s--- F S-. CD ( D T L i S - - 5 . t C F - - - r
( 5 V C k .  )~~~- 0 .  0 - S O C / S  5-.i &~ C
7 5 C l C 5 - 4 La.i 7 ’CV V ( V O  it ’ U .  UJ 0 U- 0 l a .Ck C 5 W ’ Y lC’ L a . 0 2” V )CL’ 0~~~C / S F X C L . J V C  O S 0 . (P  2 L  0 0  C V L 5 - L 5-~~~~U . 5 - ;  ~~~L 5 - C ) 5 - 5 -~~~~U. :
.4 C’~.l s--I C-. 5W) ‘s—I (\ ‘s-I

C) i~ C CS Li-
.4 .-I (Si (Si fri P’S

C S C~i C )  C S C ‘ Ci C S  C S C’
Ci C.’ 0 Ci- C.’ C’ 0 C_i C) -

.
C) Li C-) C) C) C-) C) Ci C)

.4

153

L



4 P
P.

C)
CD — ( / 5
(Ii a-C u)
‘s-I LA P— —

CC)
0 Ii)
5-— Li 0-

¶ 0 5 5 5  — a--
0 00  CC) F-
(0 2’S-I UI 5—I

:~~~ a.
— “ 0’ a-— 0’ ‘s-i .-,.
— )< SiJ 5— Li II .-s-
5-— (1) C/S 5--I (C) 7’ LA (0
Cl — — 7’ • • Z
~— : ui s--i 5< — CD 5—I
CC) U) C S I Cl ) ‘s-I • 0)
DC CO  7’ 5 •La. (/5 4-4
Cl 0 - 2’  — 5—i~~~ Lii 0’

— ‘s-I CD Ci
: — -

~ is ( u S C  0 CC)
• — DC — ~ 5 C ) . 4  2’ Lii

5— DC iC 4—I • i—i 4 Ci
(0 Ci — — ,- . b— ’.. 21
• Lii 7’ C V —  Lii Cl)

S-.. L,i Ci — LiC) (ii Li)
VS S-. 5--. 5-4 ‘s-i C/S ’s-I ~~ 5-I
Lii ~~~Cl — • 4-. 4-
F- C/S Cl’ CV s-s sf\ Li 5—I— Cl Ci I Li — — — P 0)

‘s-i F— i—I — CC) 0. 0-’ -. C) S—I
C/S F- DC ‘-‘ Lii Iii 5—I s-i (/~ 0)

4 5—I VS N— C) C/S Li. Li Cl
— S—I .- .- — 0. i~~ 4—i a)

• fl, ! — ~~ S i t  • I— C)
5-_I p (/5- ~~j  (ii N) S—I . Cl CS )( S—I 0’
— — 0. Ci 5-- 0. S—I — ii) S 5—I ‘..o .~i 0.

— (I) 4- C) s—i C i -  5- — 5 C) CT) P. . S—I —

5-I 0’ i—I • F- Cl — :  Lu • LA s--i .- 4- 0) Z
— Li - .- VS tV: I r L~ SI —‘ 5—i C C

— (I ’ (/5 5-’ S—I C .- Si) 5—’ — CD ~( 5— P. 5W 4-I
5~-a. CD 7’ Ci Cl 0- 2’ DC 7’ CD F- P. i-c 0 S—
— — Li ’ 7 (Si Ii t I ’ S  C’ U’- C.) P- IC. -  Cl — 0 N— Cl’ s-i
(I’ P’~ C/I ‘— — VS 4— — CD — . I I 0 ~~ a-- • 0. Cd)
Ca. 5—I 7’ 7’ C.) Li: S s—i Ci 0-’ (0 — 4— 4- 2’

C/i Li • 2! * i-C Cl 7’ U’ I— ‘— .4 IfS C/S 7’ Lii s-i Z Cl
Si.) (1’ DC VS Cl a) Cx’ C/S C S C/S 0- U. Li) ~~ — — UI S Ci — 0 CV
0 ) Ci + (P Cl’ 5- 75 C La. - 7’ ‘Cl 4 Li - a-- Ci - V. 0. 5-4 55) DC 5-4 5-.
i - - Z r ’  UI I.LI O i: 0 . :z  Cl I— .-4 — Li) V -  Z U )  F-
#— — C/) s— vS s— • c-i V — : (1~) o w — ~~~‘ . • • 5-- o • 5-4 —
I—. — Na. CD ‘Cl ~~ : F- 5— DC — Ci’  2’ CS Ci Ci C C) Lii 5—I Li — 4- VS a-C

5—I I—i I,  5— 5— — If I, I ~~~ 
-
~~ Cl C) -s-—I Ci Lii ‘s—I 7 C’ 5—’ i—i 7 Ci

— • (/5 (P i-C • Ci —4 Ci a-— • 2! 4—I s-i • U. P — P. Cl .4
s--I — DC 7’ s—i _. CD - 5. ‘s—I 5— ~~ — ~“ ‘s—I — Cl’ —. ‘s- .

Ci Gj 5—I ii) ‘s—I VS 2’ a’ ‘. 5. — Ci — S-. — Ci Ci 5- 5-— 5.
55 .? (Si II 4 5. -~~ S- : ~~ II Ci ‘s-i i-i — s--i II ii ’ ~~ ‘s-I ,~~ ‘S-

— 5. ii Li • S- Ui Li t • S. Li (I) Li) I-i L~ ~ i — 4 LA U) UI — S. Lit I~ t — 5.
s—l iD — V S D i D — V )  I ‘- O — 0 - ~~s--i — — 7 ’ 0 . Q )  •7’ 7’~~0 — 5 D  I iD ’-

— F- V Li Z F- 7’ 5— — F- S—i 5— LA 5— ii. 2 5,1 5-— Li 2’ 7’ F- 2! 4- — F-
U) Si cx 0’ 5-- s—i 5.- Cl s—I L i :  C S~’ U’ ~~ C i—i CS -~~ C I)’ — I—i 5—i ii i .~~ 5-i Lii Cl
P i--- 75 ii Cl 5— S— 75 (55 5-.-- 75 Cx’ tSr’ ii’ C) 75 Lii I— s—I 75 s— Ii’ (55 5.— 5.— 5— 5-- (5) s— S

s—i ()~ V F- 2’ ~-I fl’ C I—I (S .,) C t.i .5 0- cx Z 5—I CV 2 -Cl 5—I Cl’
O 0 ’ O D V I O C V Q”  U 0 - O V ) L C W O U - O L a .O L . C i, i 000 . 0 0  5.-i Cl’0

CV ~~~L C~~ ()’ U - s - C s —~~Su. s - i C S 0- ’ 0 C)~~~~ Li L’ CV

C LI - ~C) 0-I Ci t r - ii C CD Si) I -

4- 4 ..t 4 U) LA If. CC’ t~~ aC) it
C)  C )  C S  C S  ( 5 ( 5
C-D- O Ci- C C _ i C_i
0 0 0  C) Ci C_i

I
1~ 3 4

- -‘—-~~~~~-—,— - —- ~~~~~~~~~~~ — .  . -~~ - --S --



CV si) — Lii F- 0
(I)  C) (/5 ~~ LA (/5 s-i 0. Cl
h I  U. Cl C) • h I  LL VS 0. Ui
CS F- CS-’ C) Ci S-i Li 0’
0 (/1 5 .4 00  ~ VS Cl Ci

2’ W U . F -  U. Z LiJ ..J CD
S—I C) CD 0 - O S  — s--I

Cd) 5— ‘s-I — s--I 2 (/5 (/5 Li CD
• S—i )-- u 5P .  Li 5-- — C)
_i 4 F— C.’) Li i-C — Lii 7 Li. CC) a-C —
Lii b—I S--i UI (5 4- s--s ~~ 0 5—I 5- * s--I
~s r ..i C’ — 0 (\J — F- 5—I F- C/S UI ~~ C
O ‘Cl 5-I 0 VS Z S-. C) UI 5— CD CD a- — (0
75 a- ID 2’ 1.1 P — (5) CC) Cl Si I Cl • C) C) SC

C C CD s--I Ci Cr’ ) ..J 0 2! CV —
w CV a- 0 0 55 ‘s-I Q. UI C VS 4-I DC 0. * ‘s-I - —

0. C~ 5- 2 — It S S 1 Iii I I 4-I 2’ Cl 5 •
0’ — — (A C’ ~~ • C 7 CD S C 

-
2’ c i i i  s--i — . 0 7’ s--i (a-’ (5’ s—s U. — 2’ •

C’ I5 5—’ C’ 2! — C F- s—4 — (/1 p. 5—
7’ I— -i — C ~ S — ‘s I  )- — $ ~ t ,  7’ 5— a — I__I _j
C) 5.-. DC 7 — ‘ U. Cl s--i C 2’ C r Ii rs s--i — •
75 P-I P-~- Ci S — - S--I 5—I (V I~~( Cl C) — a-
Cl C/_I VS C/S — U’ i—i Cr —4 s--i 5—I F- j a- ..i 2! s--i —

- u Z : it’ - 0 • * — .~ 5— ~~~ 
-. S. ~~~ ~~~ — 

- -

Cf CD CD C Li D (/5 ~) 0. DC CD (/5 5—i (I’ U. (IS C) s--I Cr U) 0. 5-4
Si’ s-- C ‘S fl I— I i  — 0 Ci Si ’ CI 5.5 — : 0 • 5/i — C’ Is’ U’ —
v) F - z s—~~~~ 0 - C~- a -  — s--i C - C V c - 5 )r’ cx UJv~~0’ s-r rV O c
C S—. : 5 - — C OO  • 0 0 .0 0  C x 5 - T Z L .  0 0 . 7  0 -4-
5— — • 0 0 2! CV — • -* 2’ .- Z Ct’ • • 5— i. - F- 0 F- CV 2! S —

— V DC C I. Cl. S 5 ~ I—I 5— 5-’ V S1~ CD -‘ 1/) b—i 5— O. 4-5 — Cl
5j ~ s--i C’ 0. C’ — — • — Cl — • LI F- Cl s-I P 75 Cl
C) — ‘s—I - - S ‘s-I C) —. DC ~~ 1/) s--I S I IS S I ‘ 1 , 1  • Cl (S S i Cl) s--I 75 75

$5 a’ S. (55 — ‘s—i .~t A S S—I T DC Z~ I .-~ 75 55 • Cl 75
it .- : S-< ii C) U. r— s--s II F- 5 5 — - • —. • 5— 5— C’s 4— I— C Ci I: L )  Cl

7 Si — S. — ~‘ N— CC’ • S- Lii S-I 5— 5—i Ci .- --i Cl 0 ‘ii I CS’ Cl s-i Iii Ii)
S i t  it i-C • 5—I .— ‘.0 7’) CS Cf S—I — • 7’- .-l Ci) 2! (.5) U Li SI ) 55 ~ )
75 Ci’ — F- c— : Ct’ p— F- 2’ 0 ~~ s-i ..—s 7’ s--. si  7’ Cl (V I—I _j (5.’ CD 2~ C/’-4  ‘s--I U’ C s--i I - I  SC) C I , I C I—i It’ Ci — — s—I — If S—I C Cl Ci -Cl C) Cl s—f m
~~ ‘s-I F- 75 ~~. (5) N-— C 75 F- s- 5—. 0- a’ C — S— 05- — Cf !il X J _J ‘s-i 75 (5’ 75 5— Clo S - i  (S S. C cx - I—i Cl - -S~ ~ -4 0 Cs z 0 s-—i i i  _i C) = _J -j ~ 75 7’
~~~0 0 0 N ; Z C .L I 0c l 0 0 ) C l 0 c 5 C / — 0 0 s -  1 0 0’ s - i S-- C C l 0 C l0 C l Q U .

cD 2’ La. S--I : C ) C V U . 2’  ‘ 2 0 0 0 - C D D C L S 0 . D C  S~- (/S C _ JC l  O C I O L ” C S I f C . 45-4
‘s-I s-—4 C’-

IT Ci .4 L ,  Ci- C
P .-. P.- N- a ’

( I C )  ( S C ’  ( S C  ( S

C. C-.) C.) 0 Ci Ci C_i
C’ (I C) C_ C..) C..) C)

- -. — -— -- .-.-- . --—— ~~~~~~~~~~. . ---— ---- -- . . - ~~~— -- , -  .—



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —— --- .- --.-‘-- —
~~~~~ ——~~~~~~—--—-.—~~~~~~~~~~~~~~~~~~~~~~~~~

- . - — —
~~~~~~~~~~~~

-- - - . --  . -

a

: LU
-J
5-4

LU t~.5-
Cl 5—

0.
C ) .  Z
i: S—I

Cl
C_i -Ui UI

CD 75 DC
(/ 50  P-
L i Z  S.~~~ —
C) z
00’  0 5—I . 5<
Z O  — 5 - -  VS AJ >—
U. — Cl • ~J Li

Z DC F- v s:  Li F- “ t s.I
Ui 0’ CD Cl Li IS ~~ Cl S—I >
Li 0 ‘s-i CD Cl 55 5—I F- IS — S—I
2’ CV S. 5— C.’) 4- C/’ :
5— CV — Si F- (/‘ IL! C )  S—i CC’ C_i
w LJ :  0’ S—I It1 CS. Li I Si 55 Lii
C) S 0 C ’ ) — 0. (/S 0.

ZUJ 2’ — O F - U )  V) Cl V) C/)
LI S—I ~~‘ 5— VS 2! Li 0’ F- h I  UI
5— Cl Iii UI (Is (V Iii 5— CV -
-Cl Cfl Z CD U. Si ( / )U . C l
0’ I—I (15 o 0 (,~) ~~ 0 5— :

U..- Ci) 2 Cl 5-I CI)~~~
L ’ S 0’ 5-— 2! CV s-- r’, CV
C _ i C )  Cl S—I — Lii  S—I — titi U. S—I

C/S 5-i Ct’ (V 5) t~~I a- U. .- 5— a- C) .-hi _ i> o . -  i~i r L r o:  C S
(50’ Li D >-5) F-~~~~~0’
(5  5 , 5  5-— C S (‘5 5— 2 CV r cli 2! 5 , 1  CD
2’ (‘~ Cl 4-4 DC UI 2 ’ DC ID 2!

— CS > C Cl C C Cl S Cl
2’

55 ~~~Cl &iJ
_i S.—I U~5 — 5—. 2’ — • 5—I —
• 5— 5— u—i 5~ i i-C C’) CV 5-’ 75 ‘S

C C T 5 — I  U I C l 5 ) -5--I
_j _J L’> C/S LI 0 7 5 5 ) —  ( / 5 7 5 5  —
— ~.i I—I 5—I — Li 0’ : ~~ s—s :
DC Ct-’ C - F- — C L DC I i ’  I—i DC C ’ DC

S—I Cl — 0 I cx 2’ DC UI C 2’ Cl UI
2! 5- E 5 — C C f  T F -~~~~ CV

: S C  : Cl
S—i 5- .1 1 it’ p. p p — p — — l i t
: 0 u-’ ,--i s-i L A D C C D U ’ D C L I V’ 0 ’ ( A X I U )0’

— — C) ‘ S . — C, C, Ci c-s ~~- T 5— C’ C’ C’ 5-— 5— (5) -‘
1” 5-C 75 CD 5 5 a-C C) s--i It’ ‘s—i s--i 5— 5) 0’ ‘~ - s--i 5) (5’

S . C l — IS. Cl~~~~’ . - I S- C I Q -CV
.- —i 2’: U. s--i UI I-I 55 Lii ‘ii Li • S. uJ • ~ 7’) 2! Lii • S- 7 7 Lii

i t F -  - ----~~ i Z )  5 ) 7 ’ 5 )  D~~~ i t — 7’ s - -I t0 C ls- I— 4— > Ci 7’ IC) — 2’ 7 2 7’ 5— 2 — I— C 5—- 2!
<5 •—~ 0 s--’ ~~ St 4—I s-i s—~ 0’ cx sr u •i CS-’ (V U. cx 0. Ct’

5— S C’ S. S. 5— 5— s--i • 5— F- F- s’ 5-- T s. s— r : ~~ ~~ s— 75 5) 5)
s—I ~i it S. — = s—i 7 2! 2! S— S—i - 5— 5—i (4 • 0 F- s--i L 0 5— Ci - -
r~~Q U .  N - 5 C D 0 0 C 5 ’ O O O L SC Y C ’ I C V C ” - ) - .iJ t’ C)I’
:‘~ il. : s—i s--i (0 o o s .- c cs ~j  U. ~ ..- U ~- - :  o ~~ U. s-i : CV U

-i C’i F’) s--i s- ‘I (‘--i
15 Ci ~ ‘ C i L  C.. SC C D L
0’ Ci C) -i s-i Ci C) Ci C’ Ci C) 

—
‘s—I s--i ‘s—I s--i C’ Ci ‘s—I s--I C”) 5’.)

s - 4 , i  ~,- ‘s-i s--i s-i
S

153 

,-*-—~~ -- -—-.~~~~- - -~~~~-~~~. - . -.~~~~~~~~~~~ .— .- - -.



~~~~~ - - - -~~-- ---- .- - ~~~~~~ 1 -s- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .—— __

.~~~~
i_ ___

• 0’
0. 0

0’
5— 0’
Id Lii
CD —
C) C.15 C/S
2 7-. Z

p. Y U i  0
(/1 5)0. 5—I W S -
0’ F-)-  5 - - I C
U ’ Sil l— . OF-
C/S C V X  2! UI
5) • Cl 5-) 5) F- F- —
7 a T -- L U

— Cl. • F - C - 4  IS—  *
F- Lii UI -~ ‘—4 UI I— (/5 *
2! •C0~~-U) I a
U. ‘s-I • 0 VS S—i — 5— 5-— Z —
• uil (5 7’ S-C — CV I’— Lii Si

U’ (Is I, ’ DC C N)  Lii 0’ s--’ > p.
5— 7’) CS Cl S DC C/S C) ._i S—I 5—I
Cl DC 5-I 75 — (ii 5) U. 5-~ (0 —
F - C l  . F - C s D C  01 Ui
(JS75 (/)L & I Z 2 C l  ( / 5 C C  C__S
S—I — u S  C” U. 5—I 7 5 , 5  0) 5—I

— 0 ’ S — S--i — 5 ) O Z
CV Lii C — — Ui _i 0’ S—i 0’
OV )F- (V — ’--- CV C C V  UI
F- 5) U) LI ii Lii 5-- > (/5 (/5 --.
C) 5< 4 -  U) 0 . 0 4- -  Lii S—I s--i

Cl • D— ( 5 D C  us -r 4
S C” • F- 2 Cl 75 5— CD 5-i

S--i • Lii — SC DC 7 F- LU —• Iui  S--i I -  I Cl C — I S S  J * ‘s( (V
l , 5 0 S — I 0 . ST L jj  C / S F - L I
(. ) 7’ (1 5-- — C I . )  C C — 5—I F-
5-i 2’ 5- - ’  5— Li C’ C) C” ~— _J C’ 4- Li’ — C)

5-C — 5-C 5— 5-— 2! 0 Cl 5) 75 — S— lU C
CV C Cl 5-- DC 5- ~J Ci (V C — U.
.~ S 5-C ~ F- Isi  Cl Ci 5) (0 - 0 F- — 5-i
(1) — Ii I S. (/5 C’ ~ 5 Cl C~) C 7 CV F- (Is
• (j) C 1- ’  s—i C — Li. ~J C’ S-I U. C’ 1/) (/5 5-i U) * *Lii C) 2 0. 5—I Cl Ui Cl’ Cl (/5 Li Li Li

— Ct 5—’ CD .‘ 1 . 5  C: ~~ U. Ii (5 Cl + Cl .- ~ r—.j
5-— )- — 2 ! .--. — 0 7  5— DC S—I CS 5-- 5— 5— UJW

- I— 5— DC ‘s-i 0 LI 5 . ~~ 0 F- F- CV 5— 5) 5)
7’ 5—! C Cl LII Li .. 5—I 7 C Li S ‘s—I 75 IS 2 5—I I—I Lii __J .J

— 1— 75 5,) CL 5/’ 5-4 I I  5— 5) CD (IS C Cl
Li C” C! — 5) 5-- UI I—I F- U) (1 s—I 55 p a • P ‘sT . . — St > >

(V DC Ii i DC 5-— Ci C 5) 5) — i-V s--s s--i s--i s--I II s--i __ s-- s--i —~ .-— Li. Li.
I - I ‘ t - Cl C 5-’ CS’ L i  C’ (/1 CT’ —‘s -5- s-—C Iii

VS 5 7’ 7 Cl 7’ CV 0-’ 1 )  s-i s--I II 5—I 55 s--I U — IS SI SI Is I— SI H
s—i 5) - C — 75 i-C 0 05 CV (V _i - LI 5) - Li LI S I IS Lii Iii C

C J 5 - i  (f s-i C f 5 ) 4 - I I 5) — 5 ) 5 )  5) 5 ) s- - ’ J S i F- s - - I5’.j

7” - (5 (/5 7’) VS 75 i i  VS 5— 5) 0 07 ’  uJ 7 2’ (5’ CV 7’ 2! Lii Lii CC) Lii Lii
O VS 5-- 2’ F- (V — _ C’ s--. CD 5— ~-4 C’ 5.’ C’ 4— S—i s-i LI C’ I .  ~~ I-’ - 5—I :s = to s—s —. 5)
It’ ‘ iS 5— lI C) U (5 (5’ (/5 C.’ CS h I  C.’ s--I C’ F- -ct Us 5’) ‘1 ‘— 5— ~~‘ (‘~ CT~ 4- F- ~

j -4 C’~ s-J J
C. C S D C I  .~~~(f5 5 j J 5 )  S—i S--I L C 7’ I— ;’ 275 7 5 7 ’  I, 2 C C  S S C c x

O C l u - - ’ U . D C O  T I OF -  U . C U . 0 0 5 0V ) C O 5 )O O C >~~~~~O > >
( / 5 7’ 7 5 ( 5 )5—i 5-I 0 F-~~~~ (.- C l  5-I C s - i O C S 5- i 0 4- C ) C _ i 2 CZ C5 ) ( _i U . U .0 J L LU

‘s-I 5’j .-i 5’. C’)
CD C Li- t LI’.
‘s-I “ Ci)

( 5  C )  ( D C )  C )  C )
(., C _ i 0 C_ i (3 0
C) C) C) C) C.) C)

157

- ---- .--. ---- fl - ---—‘- - -- -. - -—-- -~~~- -- -~~~—- ----~~



- ~~~_x 
- 

-.---—.-- 

~

--
~~~~~~~~ ~~Ti ” ”  v:~~~~~~~~~~ - - -S

lii
5)
—S
C

U.

0’
(Ii

UI
5)5)
-42!

>0’

F- U) U)
U’

Cl
0 0
F- F-

IS IS 0 0
C)) (.~1 ( ‘S

P4 C’J W U. Cv)
W (&5 D Li. -~~ U. a a
-S ~) J s--I U. ~* U. a a

4- CD —4 5
C C >  F- .-4 .--- ‘s-i ”

C (/‘ (I’
Li. t.& 5-- s--i — 5— CS) a + CV + CV

* 4- a DC C’ St Lii l i t— a CS) St Iii C) St U. — (1) C/S
N) C’) s-~4 (0 0 CS) (0 — — CS s-_I 5) 5)

(ii F- ‘-I 7’ St 2! s--4 ” -- Z ‘— 2 !
• • 5) .- 5—I — Lii — 5—’ UI Li
~~ I’S _) C’,j C) 5—I — Ci) 0 • 5 S—I — ‘s-I + F- • F- •
UI 7 Cl ‘s-I (0 75 F- 5- C’( — F- C Lii -Cl F-
• •>  • 7’S • F - L l- . Z C L  2! + C x F- _I F- ( 0

Li. UI I — Z Lii U. LU S—i • St Li~ Lu. Li (ID • (/5 • St
a — V CD C) 7 - — (51 DC Cr S—I 5-4 CD
i—i 5-I SI • CV • IS • — Lii s--i 5 5 Ut 75 — — —
— — S • S • s--I * ‘s-I St 5— * (5’ 5) II s--i 55 ~~ ‘s-i t S
(5 (5. (55 ~~ ‘ a C SI a 77  — —
)->- DC s--i S Lt t SI LL. DC s-i SI iJ L— U. 5< s--I — Lii — W s - - 4 SS —

. • U .U . LJIJ • 5— C / ) S t U . L IUJ Li Iii I I — ~~5-— U i 5 ) 5 —  J LtI U\ - -
C 5) Lii i - J 0 C i~~~ -.—I~~~~U.~~~~0 5 ) C L - . - iSt ’ii s - - s S t U . D 7 ’ C S ) 5 ) I S  C 5 ) C 5 i ’ -~~~ _S CtJ

7’ 0 CS 2! Iii 5 7 2’ 7 ii S— 7 7’  Z 2! (5Th F- 2! Lii 5— Lii 7
i~-i C - 0 , - 4 C) 5 1 5 )  51 C’ 55 5-4 5-i s--I C’ I 5 N ) U ) S I 5’~ 55 5 - 4 - 5 < 5— s-s 7 4- F- ‘- 5-— 5—i -t S—C 4- 4— F- — ‘— I I  cr ~ i-i .-. v-( s—s 

~~~ C 5— 5—
;~~ — - - - F- ---- 7 5 — U .  C Z F - U — 7 5  U . 7’ 2 F - 7 C T 5 - — 7F - — -I F - 7
C U U .Z L 5 ) U U . 0 U .~~D Z0 U U . 0 U . 5 ) O U0 0 7 0 Z 5 ) V-U. 0 V’ L 0 ( 1 )0 0
L t—I 4 - i U . S - I 5-I U 0 L L C : U . C~~5 I U C S 5- I Z C U . C ) C ) LC i s - 45-. S--I L) s-I 5--t~~~~ CD 5--I Ci (0

C’ s--i PC 
~-f Li” CD

N) 4- s-i- 4- 4 -  .f 4- LI-’

- I
p

15P

-~~~~~~
- - — -~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-.. --- - -- -- -~~~~~~~~~ ~~~~—- -  ~~- .- -— . .~~~~~



— ~~~~~~~~ ~~~~~~~~~ — _=~~~
---‘— - - 

~
----

~~ 1~~~~~~ T _ _ _ _ _ _

C/S
• UI

5—
C
5--.
VS

0
UI5-—

~.1

S--s w

(/55)
0
CV Li.J

a)
-4

Cl C
(_) S

CL’ F-
0 5 - 2
Li. LU Cl

SF-
05- C/S
Lii Z
F-S- CS) 5—I
C CC)
_JT (I~55)5- 7 lii

‘A C) 0 5—
4- .JC~’ 4-4 Cl

5-
7’ C.- C Cu
5 C Psj 5-4

(/5 5 , 5 5 - I  S

C L L J > J  a
(0 5)C l - c i  ‘s—i

— J U ) T  —
-~~ CV 5—4 V > t.sJ O 2

UI Li..
CS J C l
~~- C lii P~
F- Z LAJ T —

s-s O C S ’ S— (Is
4 - C ’  S

s--I • F - Z I i J  F-
lii Iii C) F- 5-ILiJ
5 ) 4 _i  Z I C  ( L 5 )
= • 5)- t) -J ~~~7Z

L i . C 5 )  5—4 CV
5-- ) ‘U t) - 4 5 - 5 )
Z 5 ’ — 1. S .J _J 7 F- CS
0 U. T U . C l  C l0 L U Z

5- O C )  C ) C ) C &~~Ij J

C

C t (. 1 C L  C -  C )
C ) O C )O C )
(iC)(5(i t)

150

~ 

— -



~1~~~ 

- 

— --- .=-—- : 
— - - -

~~ 
- --V — - -- --—-----

~

—---—

~

-- -  

~~~~~~~~~:~~~~~— :~~~~~~~_
— -

5-
C C/ S

S- S T
S Z F - 5 )
a -Cl C/S
(U F - U S
0— (/S LLJ VS
5-- Z&Li
5-- 0 5 ) 5- -
5<
Cl (/55 -— a

s--i 75 2- C U) s - 4

L i —  •- — 0 +
F- C/I C)) 5--I 4- Lii
Cl Iii C’-J Lii 5- 7 .ii C) -.

F- (1 p 5- Cl C ‘Cl CS) a
(1)5- 5-- Cl P-- 4— 2! 5)
5--I 5- Cl 5- 5--I VS 2! 5< —

4- F- C/S _J 2! a C s--I
U) S (/S S—I Cl 0 s-—s 75 Iii
CV U) DC S C (0 .‘ - F-
Li UI Cl 1)’ 2! VS C/S C
U) CD 75 CS’ 75 - I  Li lii F-
5 )0  — L i i Z C ( i J  I — F -  US
22 Z (5. 4- as Cl Cl a 5--I a
p a (S)~~~- a III 4- 5- 4- 4- ‘s

TClT C/S C/S P
0 Cl Lii 75 5< Li 5— P--i UI 5-I I-I In +
( 5  4- F- CV C 5-I I~~ 

p — Lii a S
75 (15 Cl CS) ~~~~~~ (/5 _j (/5 a a F- 5) a
(V 5< 5-— 7 — (/5 L ’~ Cl 5- s--I s-i Cl —‘
C) P~ (~~ s--I 5— F- ~ (/5 — 

_ 
5- Ct —7 75 5—I ‘s— t s S  C (V ‘s—I ‘s-I (I) (4 (1’

P S 5— 5- i 0 Lii ‘ 5—I 1 ,1  (V
4— L~: ~~ 5— Cl DC 5) 2’ -r 2 7 — (/5 Ut
2! 0 Li C F- Li C) 5— 0 0 a 5) (/5
U 0 P— 5— V C _J Lii C ( (/5 ‘s—i (/5 C/’ C/I 7’:,

C l SL  7 5 7 5  UI LU Lii
5< (/ 5 5-’ 5—’ C’ F- 0 5’ (~ 5— 0. 0 (54 Cl ~~ S—i C — C- C 0 7 )- 5- >- a

7 5 7 5  — UI 5- 7 2 ’  2 L i  5— S— — 7 5 *
Ci — Ci) Li 5< 2 S 4- S — 5-4 CD C’ ) 5-4 Li I
(5 ,) ~ s-. (5 5 ,  5 5 ,  5 5 4  - p 5 4  PC) (.~t p p~~ , ‘ 5—. 5
7’ 5—4 Iii 7’ 5— (5 0 2! 4— U. —J — C’~J — II • S I 7’ P

St Li 5- ~~- - 7’ 5) 7’ 5—I (/5 C’S (I’ -.-i .-s s--I US
5 , 5  (/5 2’ 5< 4— 5—’ 1) 0 C, ~~ 75 75 55 75 ~~~ a s--s —-s SI 5-
7 5—I S—I 7 Cl 5< Li. S CV 5 Cl C F- ‘s-I 5’J 5) .I ii SI ~~ s-I 55 5—.
s—s — — 0 75 CV m m s- Cl I—I S—i Cl — iii I,. — (~ i 55 5 5
5-— C’) ‘ i.J S—I 75 0- 0 5) Lii 0 5— Ui 0 II II -i-i IS ‘ s-I 5) — • 5) C. 5) 55 t 5) S I
7’Th.~~Q V U ) — L ’ J Z (15 5 0’s—s C V 3  ~~~CY 5 & I 7 , - 4 5 < s -  —

C F- 5-— 7 0’  (5 5— (5. 7 .—‘ i’ —4 ~-.‘ L 5— 5- S—I ‘- r- 5— 5-4 • ‘ ,I C C’ CS (1
(V Cl 5— 5 U Iii 4—I Si  S J (/1 5) ~J ~J 75 75 ‘s-i J .I -‘ 5 - -  i ’ -  ~~ 5— Ii C’ I S 5-4 75
(S 5— 5< 75 (I) St C S—I (S J ii iS (V C F- 7’ 7’ - s— 7’ -

- - j  ~~ ii
5)U)s-1 5--i 5)(JSZW  I C l O  C CC CO C OV S ’ -_ ’ c i  5J~~~~s—~~4-~~— Q U ) F -
(/5 s—s 5 CD 2’ S-~I s--s CV I— Lu. F- F -C) C 7 7 7’. C) 5— 7’ 5—I ~ C) ~ C 5 - -  . • ‘~ U. .ii s—s C 5-i 5—I

s--I C’) s--I C’)
It
C’)

(_ ) C ,  ( 5  (~S ( 5 ( ~)

L’ O C) C) C) C.)
CL’ C S (5  C) C.) C.)

I h O



_ _ _ _ _ _  ~~ ~~~~~~~~~~~~~~~~~~ : - -
~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘C
UI
C)
2!
S-I
-J

5-
2!
U.

* C) C)
(Cs IA

a C)
‘s-i 0 0 C)
S F- 5- C’) s-I
CV
0 0 0 0 0
2! (0 (0 5- 5-p
5< a a 0 0
Lii a (0 (0
0 - C D  V V
7 p.-- ‘s-i V 4- V (53 a a
4- — — a
Si 0 - 4  4- 4 s--I - 5 ~~ ‘s-i 4- V
— F- Li V V (ii Cl
2! a F- V V a I— ~~ + U) 4 (/5
C’ C V Cl ~ — C U. CV

s--i ( 5 &~ V F- (1 0. V 5- a Li a Lii
75 — US 4—i s—s — (/5 II s--I C/S St C/S

-4’ (Va  C’) 5-I V V C’) 5—I — 5 )  — 5 )
0 5< Ut VS C/S (ii a 4- Z 4- 7

a 7 Lii F -• s--I s--I I—I 5-4 I— • 01 Lii Li
s--I CS C F- Cl 1— 75 F- • F- •
— + 7 F- (0 + I + I F- C” (4’ ‘s-I Cl 5 5 Cl F-
0. 5-4 (/5 • (/5 • 0 F- ii 5— (0
5-I Iii S—S 5< 5< 5< 5< 5-I 2! .4- C/I • C/~ •
V 5) • a 5 , 5  UI UI Li a C) — 5-I s-i S C)
(1) I 0 55 St C) C) C) C) II V a a
s-I Cl Ut V 2 2’ 2! 2! V — SI Lii Li II —4 II V II

• S a — S—i 5-I S—i S—I s--I a — s--I CS) C’ — — 4-
S I CD IL. V C’.i U. U. V ( ‘‘  —I a 7’ 2! a s - S  a ‘s-I a

5< V Lii + V Ssi 55 5) 5-4 s--I ‘s-I .4) V ‘~J ‘s-I 55 5)
Lit — ii (1) 11 1i 5— II I I C) L i J Ss IS 5- I 1I1 C ) j J  ~~~5 - U 5 F-
5) 4- 5) 0 ( 4 1  Cl 4- 5) V C’) Cl 5) C’) 5) -~ 5) Z SI 4- Cl 5) 4- Cl I 5) s--i 5) (41 - - ,

Z ’ -’ L I 7 W Z L i J F- 5( 5< Z X XV W F -V  ( 1 )7 . - i  ? ( )  :j S ’ — 7 ’ W F  - (1.3 7
s- iQ~~~~~s--I 5) s--4 5-— ffl h i’ S I J 0 5 - - — i ’,S U J  s - (/~~V~~~~ s-- ,---s C)5- I C S 5 < S — ( s — 4 F - V V C D F -s--I O
F - 4 - J F - _ i U C l i — 4 0 0 F - 4 - C I C I I C S - - i  ,(‘ C 5— 5 i 5--- S-— 75 L&J~~1i---’ 4-- -~~~I--4 O ’ C F- I—
7 V C lZ C l F - - Z 7  2 7 7  S— — IS F- -  7 .~~~C s — — 7 F - — S 5  F - Z
0V ) >0>I A~- V S U . s - 4S-I0Cs-i 5--IStU )Ii- O U ) 0 V0 0 Q Z V ’ U. OV ) LL 0 (1)00
C) s-i &~ C’ Li.. 5-1 5-I 5—’ Li. _i (0(7’ U. .ii V 5-i s—i _J 7’ I—’ Ci V ( 0C )  7 S—I 4 -  4- () 4—I 5—, _i C’ 5—i (7’ (0

CT C C’ C CD CD - - I
N) 4- (C- ‘O P-~ a’ a’

$

16~L

-- - -- —-.-—- , --- -- -  -- - —- -- - -- --



~ T r- yS~~~~- 
~~~~~~~~

-
~~~~

--  
~~~~~~ 

- 
~~~~~~~~ ~~~~~~~~~~~~~~~ 

-:~~~ - 1_J TTI 
— - 

- -

a
s--I
+
UI
ci
0z
5<
Cl

- 1

(/)
Lii
I—
Cl
5—
VS
4-
p

S C’)
75

(-‘ s--I

2!
0 0
(00

75

(/ 50
L iZ
CV
s- N) s--i CSJ IS

5—S (/5 IV 0’ Iii SI
7 5 0 0 $ —

s--i • 5 — Z Z S - - -
Iii W 5—I Li H
5) + _j ~~ ii U IS 5)
Z .~~~ z z
5— V - J T S T S - - 5)
Z II — _i iii CV CV Z F- 0-
0 U . C lF -O OC )UI Z

(7’ V 4—i C) 5-4 2 2(7’  CV ILl

C’
C) s-
4- ‘s-I

S

16.-~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ——~~~~~ — -  -~~~~~~~~~~ --- - -— - - — -.~~~~~~~~~~ — - —



--I,

C) -

UI
25- a

4-
a I

5-4 5) C/S C/S
— (5 (7’  Lii (U * *(ii —.3 C)
CV 0 0 a a a

5— Ci 2! 2! (‘J 01 (05
5— 5— + + 75 75 UI

. 5< C U )  Lii Lii CV CV 0-
75 p Cl 75 S—I C’ ci 0 0 0
5)5- 75 5- 0 0 Z 2! Z
Ci C l aP  — s- 2! Z p — 4-
a’ F- U) — C’) 5— I— 5< 5< 5< 5< 01
0 U) Sal  C’) Lii 5— 5-4 Cl Cl Li.i UI *
(4’ 5< 5— — F - S—i ,J 75 75 0- (5 (U
0. Cl Cl F- Cl _~J 5—s — Z 2! CD
• 75 F- Cl F- S-I a’ • VS C/) 5-I 5-I 0
(V .1/5 5— C/S a’ Cl Lii Lii a Lii 4 IL. Z
~~ (15 5-i (/5 5-5 Cl a’ CI 5— s--I 5-. — — 5<
sS~a .5-c m oo CS — C l  75
m 0 N) Cl a — C) CV 2 5— CV U) 4— CV CV 75
0 7 UJT 5— a CV CV C/) 0 UI (/5 ‘) 0
(5-’ 5< C--3 ’-’ C UI CV 75 5-4 Z CS S—I 2! Z (/5
0. Cl s-I 75 t— 0. C/S C) — 0 .- Z Z C’) Iii

75 f / i  CV (/5 5-- a S • S 5-I Cl (/1 2! a 0 0 5- - ‘
75 —5- I  0- s-< F- N) 5 75 LI s--I UI • C) C) C) 0 Cl
CV 0. — 2 !  Cl 5< Lii F -F- S 5— (15 75 F- F-
7’) ~ 4 P~ 7 75 Cl Ps) CV (V Cl UI (4’ * * a (/5
Z V 5 < 0 — T 5 - 4  (/) 0 0 5 —  F- 0  SC 0~~~ 5-I

i - i  • L i .  2 1 / 5  C l 7  7 2! Lii L’) Lt- —
7’ s—s 7’ — ‘s-i 5-i S- Is ~ p 5—s 5— p Cl Cl C s-i a
C. — 7 P ( 5  U. — Cl F- (1) 4- (15 ‘s ’  5- 5- -  7 a 4-p (4 5-5 (fl 5- PC J Cl 5 p S — 75 4- — (/5 (/5 5-4 (f~ C’ —
F- C — F- 0 Cl 5< 5) 5— F- 75 .- 75 Z 2! Li. 5.1 1— CV us
2 C/S Cl CV 5- UI Ci C/S Cl CV 0 Ck’ 0 0 — 5— Cl Lii
U . C l S iJS— 0- VI C) J 5— 0 7  ‘s—I C C’ C) (V ’ s - I 4 - C l 0 C’ J 7 5 J
— F- 0. C/) s-I Z Cl 2! U) 7 2 !  ‘ - 2 !  Cl F- (0 ci C)
(15 5- 5< — 4—I C) ‘ii 2’ ID 4-- 2’ II II 7 5 4 -  S (1) I C’ >-

S—I 4- F- Cl ~~ - Li C C) C/I 2! 0 C’ s-I a CV () s-i
5/5) • 5-5 

- I— Lii 5-4 _l C) (15 Lu. Ci a ~~. 0 5< 5< (/5 C 2!
(4’ ‘s—I P — Cl iii a 5< 2! (0 CD — ~~. F- P 5< 5< CV li_I Li.. • Li —

Ii i  Ii’ 5— 5— Ci Iii 1 , 1  S—I S—I N) CT CC) N) S . )  Ii I 0- o 7’) I I  • C) N) —
75 ‘— iii 2! U) 5— 0. 0 I— Cl C/S — . I— — 7” 7’ 2 2’ UI 0 — s--i (/5

7’ I~i 5< F- 5- 7’ 5) (/5 (/5 4- (PS (/5 (/i 2’ a 2’ a 4 5-4 5 - 4  • _ S 2’ (/5 115
‘ - 5 F- CS) -Cl 5< 5— 5—I 0 7 C) 75 s--I S—I 75 75 5—S 5< 5—I 5< Li. _J 5 75 SI CS
Z ( / ) Z Z E - C l5< LL C V s - I Q~ .-4 C’J 0 1 5  C S ( S )  U. L.I Lu. ’7’ CV 5< 1 S F -  0
S-I 5-4 P 0 — 75 Cl a’ C IS 55 s Cl .5 ti — CS 7’ CV IS II h I  U) 4-4 5—I 2!
5-— .‘jJ 5-I (V 7 5 &  5) L1) -J 55 IS L1 2’ C D W ! , J~~~~C V Z~~~~Z O .
5)U)Ci c / ’C ( J S ) ii U) 5—5 _l (Sf C l 5 < 5 - Z  &‘ - S f 7 C T T S--5 5) 4-  5 < 5 < 2 C ’ L j J S C D I S
C (4 5-- 7 75 CV 0. (0 Cl ‘s-I (\~ 5— (1’ L I  I S 5 - -  5 Li. (7’ ~j ~~~

. I I  s-I C) j .~ -
O’ ti, F- U’ a Sai s—I IIJ V~ LiL 7 5 7 5_ . h l p ’ S)  as-~~~~— 7 ’—  C0U.7C31 .-4 CD
r U ) s X O U ) VF -  4—I (~~~~O’~ (VO 7 2 70 . -l J 7 C p - . C 7 ’ 4 . 0 - 2 Z~~ .- _. )-- ..h 5)
5 ) 5 ) C s — 4 C V 5 ) V )Z T O O  C 0C l 0 S - i s - i 0 - C T C C )( Y 7 C VZ 0 . s - l5-I U. L u . O C O V )
U ) 75 C 0 .Z 4-4-  F-7t i .  2 ’ Z C C U .j 0 . C-C 7 ’ O C V U . C  U .Q- U. ._J 5 - -~~4- 7 C iC) 2!

s--I ‘s—I
CD
(‘4

(._) ( 5  C__ S C )  CS
00  000
( L ’ C ) C 7 ’ C i C )

II

16~



- 
- 

- - ---a- ç~~~—.- — ----~-- —--

s--I

5)
1/)
2!
+
Lii
C)
0
2!
5-C
C
S C)
p 

~~ - S.
VS
Li * .  * a  0
5- a a 5-
Cl - 5 <  aX

a F- 5( L) X L )  C
CD (05 (110 (ti C) C’ IS
5) S-I (5 2! CD
C/S a 2! 5-I 2! 5-4 4- a
7 a ‘s_ ~-4 — S—I U. a

(41 — _J F- J 0 ‘s—s ~~C/S 75 ,+  — Z  — 5-- F- ~~
Sal  CV — 75 Ii. 75 2! 4 —
F- 0 s--I a 5) 5)Lu. 0 C/S
Cl 2! I i i  ) 7’ * C) s-~ — (V
5— P F- t” r- .
1/) s--i Cl (/5 4- C) — 0 — ~‘ (/-
5- ~ — —5 5- Of CV C’) a (V — (/5 —- S — <14 W +

CV 4- S—I 1/) Ci 4- 75 s--i 5— ii 5
s--I 0 (0) C/S Iii U) 5) a + 0 75 4 CV 75 -Cl F- S

2! Lii LU 5— W * Z s--S 7 (4’ CD (5’ 4— Cl F-
F- 2’ 0. (5. Cl Cl — — 4- — 7’ ft 7 0 ‘Is F- IS
Z 0 5-- 5- 5-- > 0 -  CV W S C Z W  5-4 V5 •

(7’ 5— 4-— (/5 F- 75 * i—i ~~ ii - 5< P S—I

• — 5-4 CD I—I i—I SC 5-I l~i~ ~~‘ —1 ~~ 5< ~_1 Iii SC • a
N) .— C’) 0- 5 5  5— ft (I’ Cl 7 5 Cl 7’S hI C’ SI ‘~1
“- 7 75 75 — SI — II 7’ • 5—’ 75 5-4 ‘s • > i—i CD ~~ 2 7” Lii ~ICV CV III VS ‘s—i s--I 2’ s-i LI CD C IL Ii. 7 U. 2’ S a —
75 0 0  F- 75 a a 4- 5-4 55 F- — 4- ‘ 4 -  ~~ C’)
Cl 2’ = 5-I CS s--i 55 5 SI 5 s--I II s—i II II II 7 _J IS I _i 5< ~~ ‘U
Cl Cl — UI • lii — LU II SI a ItS a sjl (V — (5’ — (1’ — 5-—
Li II SI SS Lii SI —5 s--i 5) CD 5) ~) C-) 5) 55 ) ~ II 5) ~~ s--i (~ - .—4 C) £ C’) 0 75 ‘~‘) Cs) Cl
(5’ CV ~iJ 7  7 L i Z 5 < S C ’ s -  — 2 1a) t~i~~~~ t~i 7 C V I i i 7 ( V 7 L~5 F -

(5. s - I  (5 5< CD 5- 5-I (5) 55 5-I CD 5- ~ i W lii 0. C’ 0. Ci S—I 0- 5) ~ I 5) 7 C) 75 7 0 i—’ F -V)
_i 75 7 75 J Iii CC) CC 4— F- 54’- Cl 5-. CS) C) Ii 75 ¼0 S-I 2’ 5— i—s _J _J 5-- -1 0 2’ ~J C 2’ ~J Cl S—I
~-.i Li Y ~~

‘ —5 ‘~) F- 2’ 55 0- 7’ 5— 7’ a~ Z Li) )y’ ‘it 7’ Cl ‘~~ - i  7’ 7’ Cl Li 2’ -‘ 5— —

C 5 — O O CZ O V S O  0 . 00 U ) O S - i4-~~~~S-- C Cfl I -- - OU)~~~ ~~~~~— 2 > — 0 L u . V S U .
LI 5-I 7 = (7’ 5—i CS) 5-4 7’S ~~ (5 C) CS 5-I C) Lu. s-.j 5( 5—s CS) 4-i S—i (1) S—i U. C t~ Li, s-- (2~ Lu. — Ci S—I s-I 5-I

s--4 r’~ 4 -C ’ )
CD CD CD CD
C-) -t LA F’—

164

L~ -



a
as
5)
‘I,

2!
+
Cs)
*

C) LU
CD CS - -

CD C
0 -t 4- 2!
5- 5-C

~~) 0 Cl
0 5— 5— 75
IS

O 0 (0)
a (S (S Li
a 5-.

a a -Cl
a a F-

a ‘ 4- 4- 4- CD (I)
(/5 — — ‘s-I S--I

~~ a 0’ 4 Ct + Cl) 4- P —— — ~‘ Ii ’ ‘s--i C’) (5’ (4’ a
Cl. (1 ‘ij U) a Sit C. — h i  Li C) ‘s-i
5-4 5-.4 5) 5) 4- (11 v’ (/5 5-- —

017 — -i _J — 7 5  — 5 )  CV
(I)  C/S UI s--I c_f Cl 4- 7 ~-2 ’ 0 Cl

‘s—i s-—i 5 4  5-I F- • Li 4- Lii LU (S 75
Cl 5— F- U. ,tJ Lu. 4— • F- • a’

+ 4 + + F- IS Cl 7 ~~ Cl Is-S Cl F- 0
(/4 • 5— II _) II F- _J F- IS CV

5< 5< 5< 5< S—i Cl- Cl 4 (/1 • VS • _ i hi (5.
C’ LI L.i Li) a J 5-I — — S- -I S—I CD P
C) 7” C) C) 55 5< Si 5< 5< a p 5-- N)
7 7 2! Z ~~ — II Li UI LU S I ‘s-i II ~~ s--i SI F- —
5-4 S—I 5--I 5—i s--I — s--I C) 4 C) C — — 5—i (/4 -, -
IL Li. j  5t~ C’) 4- 2! 72’ a 4- a 4- S I a 75

+ ~~ UI IC s-i 0. S—I S--s 4- L: )4’ lii 4- s-I • 5--
IS II CD L I U II 5— I — (LI CS Li) (5. s-- — F- Lii — C— ) — Lii 7’) Li LU b—S LaP - -

~f ( ’s J C l  S) CSJ 5) ~‘.- 7 5 C Y 0-~~ 55 .-4 ._f 75 .-. Cl 5 s--i 75 . f 5) 4 - j~~~~~ 5)
5 < 5 <  7 X S C~~~~ hj F-~~~ L j Z - I  7 . 5  5) W 5 - - 7 U J 5— c’ ’j Z 2’ . 77
~-I ‘ .5 0 5—i - . 1  L - F- fJ~ ~~ CD I— S—I CD 5—I 75 II C) SC S— (/5 s-i 4— (15 ~~ Cs ~~ s - 5  C’) C) S—I ~~ I—I
O 7 ’ C - — F - 7 ’ O S S C l s - 4  a ’ C l F - I I5-- F- (1 a’ h i~~.5 s--i s—~~~~~4- .-‘ Cl 5-- 5— I-- 51 _i F-
7 7’  Z Z Z  F - ’ - S I  — 7  Z 0 0 .O C F - — Z 5 - - 1I — 2 ’  SI Z I I —~~ .J Z
4- 5-i 0 CP- -4 4 - - 4 5 1V~~Lh- O U)0~~~~ O 0 ( V 0- C V 7 U ) I L 0 V~~U . 01/5 75 0 0  Li. .x 0
Li ~J L(’ C) U. _i 51 5-4 4-4 -J 7’ S—I C) 51 LD C 0. CL 0. 5-4 s—i 5-’ C) 4—i 5—i J C) — - C 51 7’ C-) 51 5--s C) C)

C) CD C’ 7’. CD CD
a) a’ CD ‘s-I 01

4- 4- 4- p4 ‘s-i

165



~
- -

- ~~~~~~~~~~~ 
—

~~~~~~ ~~~~~~~~~~~~ ~~~~~~

- - -

~~~~ -

-

~~~~~~~ 

- 

~~~~~~~~ ~~~~~~ 
‘

I

s--I
+
CU
*
5.5
C
0z
SC —
Cl
75

Lii .4--l O tU S-I
-
~~~~Z CD Z~~~~~Z

‘—4 II~~ r’ Il 5-I Of
F- s--i F - _i 5)
=O~ 0 - 7 _ i F - C S
O 0 . 0 ( V 0 - C lLXJ Z

CD
LA
-I 4-

~- 1



___ ‘
.L~~~~~~~~~ 

~~~~~~
- - - -

~~~~

- 

~:~~~~r~~~’-_- --

P P ti.I —
0. :

5< Lu 5-— *
— UI Cl. F- *

Li 7’) 5— 5< (/4 2! *5— 2! 5— Cl u Oi~, *Cl S—I P 5< 75 0’ 5 - i O W  *
F- P — ‘Cl .- 5) I— 75 (/5
Cl F- s--i 75 Lii C/S 5)24-i 2
5-4 Cl L i — —  C) -Cl a ’ O F -  C
- F- (/4 a Lii 0 UI Li 4-4 5--I
(/5 (/1 5) UI 7’) 2! 75 Cl 0’S- Li
CV 5-1 >1 0. 0 — )-( Lii 5-— Cl (1) 0
Lii Cl C l 5- Z aC l  W 7 5 V ) S’-U Z U.
(1’ 75 75 5— 5< Lii 75 C-) F -5-I S—I 0 —
5) — — > (  Cl 0. — 2 CD CV LI S—I
2! U) Lii Cl Li Cl 4- Cl’ (LI + o

(V CD 5— (5’ 75 • I 5— Lii CS 01 CV
C? LU C — _i~~ ‘— 1.5 (V CS F- 5) (4’ 0 * CV
Cl (t~ 7’ 1/4 .5 Cl — (/5 CD Lii ‘S F LI

75 CV~~~~~~ r~)5) Lu. .J ZLi UJ C + 0
7’ S—i Cl Lii CV — Li 5-C CV (U Li I I Li 0 CV
o — 75 (1) 5< lii NJ ~~ LU C) _i F- F- 75 2! a
(V I i i  (1) — 75 Lii C) S--I 75 C~ C) F- ~( 

- -
(5. .- ji 4— 2! CS) C/S — 75 Ii) — 0 Cl Cl +

L U s -~ 0 • 7 s - 1 i 1  (/5 5)UJ Z Lu. 75 5—
p— C >- F- - 5 < 0 .  7 5 ’ S S i l C S C l  0 P 0 a
~~~4—5 F-~~~~ CD — Ui s-_f~~~~ >- 0 7 5 ) 0  U) F- 5)
5-- > S—I 0-’ 0 4- 7’) 75 5< F- 5-4 5—I CS 2! P 5— LU Z 5)
r— 0-- — 5 . 1  (V iii CD — Iii 5< (V Si) 15’ 5) F- — - 

-
o - s  VS VS (5. VS Z LI O - .~ Cl a’ _i I Li? CV ‘Cl 5-i 5
(5 (1’ LI 7) 75 >1 s—s 2! 75 ~~ - c_f C) If) F- F- — p

— Cl 5< — 5< Cl 5— 5—5 p 75 7 —5 5) (/5 F- ~~4
LI C) .5 a c_f 75 75 (/5 1 5-i IjS 0 5-I 0 (

C- 4- 7’ 75 5- 75 — .—7’ Ii ’ 5— ‘S Li. — 5— 55’
.5 5-. .- . (5 P a C’ 4— (1 CV i— C’ It) a CC’ CC

= C. F- I,i 5-- - Li,. 
~~ 5- Cl -~~ I 4- C) Cl

C-” p (1 5 , 5  (/~ (S I— I i i  1) 5< I C/) 75 I t S  • I— — (V ~~~
7’ 5-- 5-- 7’ 5< 5-- Li-I (S 5’- c_f 7) CC- CL is’ * (V 0, CS

(5 I— p.5 F- C) 5- F -75 C), ’S hi Lii 5-- (ii * Cl 5< CV
C- .~~ )< O. 7 5 ) < 0 F - 5 < —  _ i 2 I C / 5F-U) * 75 (/5 4- LI IC VS 0—

Cl. Cl — Cl 2! 5< Cl CL Cl 5--I I— 5) 5) * (I) Cl) W 0 LI
4— 5 ~~ (V T ~ 75 Iii C. ’ 0-’ 7 I I  C Cl 4 4- 5) a (5 SS
(7’ 7’, 5 - 4 . 5  P P 75 -7’ Cl Ci U C) U. : cs CV s- s-s —2 5-
- — ,-t — )  5~J a p Ui Li I CD 0 Cl C) 0 O.~ F- _J + — Cl 4— a
U. 7’ C. (/4 LU C) Lii Li C — 2! C/S 5) Lii 5< 7’ _ 5-s ~~ (V F- 5-s a 5)

-‘ - I CD C) CL C) C’ i—I 5 J iii 1 , 1  CD ‘C- 4- 5-- 5< Cl C) ~~p -)
~s - Z ) #-- <i’ 2 , -O7 LLJ  I’— I j J C ) C V ) - - CV ‘s-I —— — C ’ W 7~~S— — — —(5 5< ‘-- 5< F- 7’ >1 7’ 75 ‘~ 7 5-~ CC’ 5-~ ((5 s--i IS 4- 7’) CC’ 7’ 4- lii ~~

- - -~ Cl 5-— Cl 5< 5< -Cl Cl 0 5-1 5—s (— F- a 75 CD 72 0 — F- P

0- 5- (/5 4-~~~~ s- U C S  CD I a  5-I (5’ 5--i 5 5 C l 5 -4
—i — — s—s 0 — 75 75 S-C 0” C/) 75 lii I — ‘~~ c_f I I S) ii (LI IS CV — F- —
- 0 - u I  — #--1 a ’— — C i . 5  7 5- i i u J O O U -  ~p’ s—s w n 5 ) — 7 5 ’  II C - — 5 ) V S CY
5) 5-- CS CC) (P Cl Iii F- (.5 75 (/5 I 0-’ Cl 0 -Cl — F- 0- ui 7’ 7 LI 51 0 I—i Cl
C~ 5— C) 1 2’ 5 5— ry’ 5—’ — 5— 7) 5 ,5  2 Lii Ii) ~~ C’ 4- 5< Cl CD I— 4—I ~4 Cl 5< F- CD Cl,
(‘ ‘ ,j  s-i j I 7’ .5 .5 s- (5. ((5 (/4 F- 5’ ‘-‘- LI Li I 5-- C’) Cl 4— 4— ‘- Li ((5 ((5 I!~ SI

~~ s--i I U.’ ~~ (5, ~i 
- LII 4- 0’ CV - - I CV ~~ ‘ (V -J II 0 C C-— Z 7’ 0 CD 0 0 0

5) 7” c_f )/1 5-I (5’ (/5 hi 7’ 7 0 ii C) 75 0 ~~ C- 0 Cl 2’ 4— C) (/5 0 0 4— 2’ (5’ 0 CV
,;7~~~~~# - - s 7 ’ 0 . S — 4C V S F-  4 — U . I L L F- L. ~~~L i . C C-~~~~~54 5 ) 7’ I C r7 ’ 7 S -- - I 0 . 0 .C 5 ) C V

4 - 4 - 0 1  .-5 CsJ N )- . t LCS
-I

- -

C) C) C’ C) Ci (.5 C~ C)
C-) C.t C) C.) (3 Ci C) C_i

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~



“~~~-~T ~~~~~~~~~~~ ~~~~~ _ _ _ _ _ _

• 
p

(/5
W I
5- 4 4-
S- C-,
s-i z
LI LI

OW
5)

4 — a

s—s
11% 75—  — It)
to F - 5 <  I— —

a ‘S I t )  7’)
• — 0 2! ‘ -- a  5— W 4-

7) 5— LiS~~ 1’) a’ C L..
_J Is—s CD O C D

4-I LI 0 5— .— C? 2 .-I
— -Cl ‘S IIi ’S CV — p
W I—I 7 ) 2 ’  --4 5<

a C) F- — Lii Lii 7 * IS .t
LI 4- CV CD s--i 7) L I’ S  5-4 01

IC) c~ Cl r—~ r’C 7) 5) .- 5<
-~~ S 5- (5’ CV + C i t  0 5) 

_ 
—

I— LI C LI 5) (5’ 5) CD

C) i (5’ (1) + 5— a Cl III ~~ 4 p 4-

F- CC Cl 5< 5< CD 2! 7) 5— 5-4 •-
a 4- (5 5< a 0 — iD 5—. C a — 1(5
,—~ C’ (5 ‘S Ct (I’ ~~ ‘ : .-4 .-4 5—’ .

5 5  F- -5- . — 4- 0” (5 7’) CS p (5 CD

- I CD I ‘ .-4 I—5 4, 1 ,5  F- .5 5< (/5 S—I F- —5
IC a - — (P a (/5 (F) 75 ~~~ s--s — ID U
5) (‘S 5) 4- Lii 5<’ 5) 7) 0 s--i 4- C) (/) LI 0 CD

05) 5 < —  4 - C ?  s— — z  2! ‘S L i J 5 <O  C? Cl
F- — • 4—I Cl c_f Is- I 4 75 5< Z (/5 s-Li C/S > 0- —

C’ LI LI Cl 5-—’ F- • $ —‘ (P .‘- 5< I - I  (P ,i 0, — 5<
-‘ 0 * LJCl  LI Cl Lii (/5 Cl 5— (is Cr. 1 i : 0-’ 0 • 5) 7’ ~~ 1—

• ‘S • 5—I S—s 5—I ID S—s F -’ S  LI L~~i Cl 7’ o— 1 0 0 CD 5-4 0 LI ‘-
ID F- F- 5— (/5 • ‘--C C 7’ >C 7) Li- 2! 7 5) CC)
C” (4 ’ s (~‘ SI • s—s s--i 4’- 5-- 5/ ’ 7 C) S--I S S — II 5) 5-1

‘-1 (1/ 5--i Cl Cl 0 a 0 4— D -‘ 5— .- s--I .- —
(5 — I). 5 5 (5 — UI JI 5< SI 5-’-’ S—l 5~-i a 5< 5— 4- a s-—I a 5<

• (5. — • - - 5< S—i 5-I .-I 55 ,—4 -—4 7” ~~ -

C) 55 5— 55 a 55 P a ‘ii a ‘-4 • IS 5’— 5< -~d LI Ii p I~ 
•. ~~~ s--i

L i 5-- 5) (.4 5—I Iii 5< IrS 5< F- CD lii 5< SI ii Ss J — 5< 5— S—s 5-’ Ui 5) 5 S—I Lii ‘5<
• LI ~j LI — 75 LI ‘-‘ 7) 7) — Cl -~ 7) 4 LI 7 ~‘ — 75 7’- )~ s 7’ 5-i — 7) s-C) —

C l C C l i — IZ C l F - 70 7 U 1 4-- Z 1J J L I  • 7 l .- ( —2’~~ - .J 7 ’ C ) 5 )  L I 7 — 5 - -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4-I D -j ’ C l ’ ’ C -  L’\ s- 5-—4 .’4 C D C l 5 — , sJ c_f

I— 7’ 1— LI F- F- Cl F- s—i I-— Cl 5-5 5— 5— Cl 4— 5< F- ‘ i i 4— 0 r- - ‘ - I— - II C” ~~ 4— 4— 75— 5 ‘S S—I 2’ CV Q. 7 — 7 5— — IS 7’ I-- C’ II — 2’ (7’ s—i ‘ ‘~ — -7’ 7’ 0. 2’ ~—‘ CL
(LClt..Cl P-0Cl).IC)L.- C)V5 Li- 001/)5— ( L 0 7 ) C S ’ 0 C l 0 -’ D 5 < 0 O~~~~~0 5 < 0 C V Q
S- O s - 0 7 5 ( . ”Q CI Ci s--i C 4-4 4 - i 5< ’ S C ) 5 - I 2’ 5 < 5 - IC7’ S - - I 7 5 L i -

—‘ C”
5(5 CD CD L~ 7’ ~~‘- CS C

t -~j- I~L~’ it ’ s-C’ (‘-~
_ P-~ o’ a~’

lb S

— - --. — ------ “- —- -.--‘.-‘-----‘ —----.--‘.-- - ‘-- -- --- -‘- - — — Li



T~~~~Tr 
~~~~~

_
~~~~~~~~~~~~~~~~~~~~~~

‘

~~,• • 

- - .-—. —.— 

~~~~~~~~~~~~~~ 

- -, 

•~~~i .-
~~~~~~L~

_ •c ~~~~~~~~~~

SC
CD
s--I
5<
5< P

1 p p  Ui
Id 5< W a ’
C) (/5 IA e r
C) LI (-15 0 5 )
Z s--I z z

F- 5 - 4 7 5 a
75 I—I F-F-? ’ )  T O
(3 ~-i s—I’S4- O W
Cl 5-4 L I2 !  —
LU ‘—‘ Ui:

Cl I D L I  LII
F- Cl 75 a 4 - C V
Cl 0 7 ’U J ’S 5< C l5 <a

CV 0 7 ) 5)  W
C/S (5. CV Id 0 5) U ):  Li
5< CL 5) CV a a 5< -7’) a
VS I C 75 • 5-I (F) a U) 5< 0 II)
Cl 5— 75 5— — t .i US Cl C) 2! •
F- ‘S 5— p 0’ C) • 4- 4- a CD

2! Id ‘S 5< 4- -.5 0 CD 4- (F) 4- I • -

W a -  0- 7 4 -  1 . :  Cl L I L
0 LI 5-- LII s--i (F) (5) — Li C) LI 0. CD

4- 5 5< Iii (5 s--I CD 5- .4
CV LU 5< CS CV 55 —I CV 0 2! 5— P - -

I,) 5)5< 0- 5—4 - I iJ Z7 5  5-4 5<
a’ ti C/S 7’ S ’ - Z  (S~ 0 — - ~1-75 5) Cl ILl 5-I * a -i — .4 01
7) C I— 7 )— C ?  5 < 0 1  7)> ( S ; 5 <
7 (‘C CD ‘iF — 5< 2! — ‘s —

LI 5-— LI I ti 5< 5) ‘—5 CC) P CD
C) Cl ID -LI 0— p C) CD 5< 5-i a 4-
Iii 2! ~i 5-— tIS 4 S—i 4- Iii 5< P 5) p
5— LII s--i s—I CD 2’ 4 - -  Iii -~~ •- F- 5< .- LA —

C) 7’ p a L’ (LI 5—i S—I __ Cl, 11’- : ~~s •
I.’ T LI S-i U’ ‘)‘ 5-I (7’ 5< 5— Cl • Si ’ U - 75 — t~’CL Cl — • ~ U, ~5’ s~ - 5—i s--i 0 C) Ct CL I’S LI 4-
5’ ~~ LI CD 75 5- Cl Cl LI 5-4 ID 5< 5-- ‘ Cl Li.
LI Cl s-—S Cr’ (/4 75 S~— 5-i -4- s--i — 0 U, U! 5-— C’) —

~
7’ > U , Lii (I) VS I i)  CS (1) _i 0, C) 0’ CL. s--I

p I C l .J CI L J C V C C a C / )  0-’ v)~~~ 0 , 4 -  V S I s -J 5< I ’ (/) SC
I — L I a . 0 7 50 (~~~~ ) W  Lii Lu~~~ — LI~~I V~~5— Is-J L,J >(

5-— C C’ U S 7 ’  (2 5-- 7’ F- 11. 0 — C (P C’ (5 5< C ‘-  Cl C’ — CD
: w o s--i - F- : C? U’ C) • 7) C’ 5--C — r— 5- - :  F- 4- 0 s--i
— CV = ,- p 5-c 75 5—I - P 75 CL Cl 2’ C) 4-1 2’ - ~i 5<’ .- 5— P 7’ p — - • -

5< >‘~ 5—I -i~ CD 5) 5) 5< 7) Li I 5-/ CC’ s—i 5< 5-— (1) S—I t
I — S—S s -- i  5—S P C.) 5--I T (1’ — SI .- — 51 5—S C) m I p 5—5

a s--s : .—~ a — a 5< (5’ s-—I a 4- Ct’ 4- 7) 4- .4  4- a P a 4- i) s--i a —
4- 5< — (51  5< •t 5< 7’ L~’ 5< ID I ~ 7 a C’S 5< 5’ 5< 7’ 5-- •t 5<
s--I 5< 5< II —S CD —4 5< 5—I SI —5 5< 4-I II 5) II —I II ‘ t’ t .f~ 5< 1. 4— I’ ‘-C’ e’
s--i 5< Ci v-I .‘I —5 5< LI s--i 5< LI - I II — — s--I ,-, 5< 5-4 s--i s--I— 5< —~ 5-4 — 5< Iii — 5< ~—4 5) — ‘s- ~-4 LI 4-’ S—i Iii 5< 5 5—4 ~-i .- 5< LI — ‘s- U, 5< - - -

s-1’ 5).2 ’75 s - 0 7 5  4- ~~~~s-~~- ’ - D 2’ s - D 5-(/ )  t o —
z — s - - : r — — 4 - 2 ’ — 4 - c C D — F - C ’ Ju s - ~~~L I 2 ’ 7 ’ 5 <~~

--- - J 2 ’ — s - -- z 7 ’ - - - 4 - U ) C l o~~~~#--
5- 1 I I 4- 1 Cl S—I ii ~~ Iii ~‘) 1,1 Cl 5 ’ ’  75 CL - -~ i—S Li” .1 ‘! ~~ ii s-i 4.-i S--s - Cl (1’ 5— ~ ) (.1
5— 5- T 7’ s- -I F- Y S— 5— 3’ .—s 5— ~~ I J  ‘ S -~~ ‘ 5-- 4- II s-—S ~~ 5— I—’ ~~ 5— 5— 5— 75 -cC s-—S F- 7
z 5 -: )~. )  s—s O 7, ,—1 0 , F-  S-I i S-- 7) L(, C 2 ’  a :- .- : t;  - C’ LII.. S—I CV
0 C V 0 2 ’ O C Y O O 0’ 0 c- X 0 C ? 0 C l C7 ) O 5 < 0 0 \ ’’ ~( O S C - 7 ’ Q C, 7 ) O O 0 C V O
c.~~~~ U :  C~~7 5 U O 7 5 L L: C7L ..: : S- - I L  ,. ‘ (7 ’ c 5 - ’r’ L’L ’~~~~ I,L L)c~~~~ u :  : C’~~~~~L

s-’ s--. 4 - C ’)  4 - C ’
C) 4- 5.- (~‘• L C- (~ C) C’ C- - ,
s--i s--I —4 s--i s--i s--i s--i l\. -- L .0 tO s-C)
s--S s-—I s-—i 4- 4- s-—4 s-—i •5 s-—S s-—i _~ s-—I 4- •

1 ~Y’ 

—

~~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _  

ij ~~~ 
- —

~~
-. —

~; - —.~~~~—
---,-——--- -------

~ 
1~

*SC
5-C CD

a CD .4p 4i) —4 5<
5(5—4 — : CD

I
.41 u,I C? P-i
-.‘_ .__ m Pci

:o  U.. 0
5<7) 2! F-
:0 (

~~: w
C D —  75 0

C L X  5-4
5-5- W C ,  I—
F- CV -.i a

4- P (/5 5< (/5 a
5< Sc -s-- ‘-4
VS LU a C) UI 5< 75 CD

a s--I C L :  I — :
5 - 5 -  IA 5< 5 - 2 !  • S

5— • 5< 4 - 0  US C/ I
I 5< S—I 5- ILl Li)

5< s--i : 5< 4- a Cl F-
Cl (/) a U.. 2 C/) 0? ’ )  LI Cl
tdCl C/l CD 0 C l C l S— I  —

4-- (LI 4- 5-4 5-— a’ — C) 5)
5- F- i i :  LI LI —
CV 5-- 5-- 5< 4 II— 75 Cl (5 5-4

ID F- 4 a 01 02! (5 Os--I —

2! 5--i (~iJ 5) F- Cl i—s 5) LU
0 ILl - CD — 5< P LI CD LI 0 5— CV
5-5 (5 ~ ) 5-5 5—I C) 75 C’S (ii
i— CS s--i S C CD F- 01 ILl Ci 75 2’ (/5
-4 2! 5) s--i LI 7) Cl F- LA C?
P—i (1 P P i—i C) ‘—I Is-i CD (/5 F-
5—I U- 5— a IC_I F- Lii F- 5— 4- Ct) UI 2! •LI C —‘S • 7’ 7’ a CV 0 Iii
4- 0 s- C) C- 7’ 4- It ’ 7 C’ ( IS 7’) (57”
5— 2! C ’ S  5-4 4- 4 7 2! (5 s- • Cl L~L 0 F- 7
7’ 7” ‘—‘ Li (‘I 5--i CD S i t  5-— LI UI C)

5-4 LI CD a ,,J S--S 3~ C/~ 5— C) 5 . 5  0.
Lii ,— I”) 5-5 s--S (1) 4- Cl 4- CC) LI I,i, LU (5 0 u-I U) •

It CD Cl (/5 5— • (1) LU 5— Cl (Ii 5-4 ~ (I) l,i~ 7’) 5-F VS 0 0 (ii C’
Li 7’) NJ Iii • 7) 5< lii CL. 4--I 0 l’-~ Ui • F- 5< Iii I 0 (1) Lii a 75 CV LU
(5 2’ s—. 7’- 7’ C - 7’- 5-- F- 5-S C’ C’ 7’ C’ (1 F- 7 Cl 7’ s--I LII 5-— •

LI 0 w 4- o ~~ LI : LI 0 I~J 4- >— : F- o w i— F-
F- P S - I  2 • P P 2! 5-I 5-S p S-I 2! • p P F- s-s- C/S 2! • 75 Cl P—I a
5-’ 5< 4-- 5-—~ s-I- i— 5< 5-- 4-4 -1 ‘—. )< 5) CV C’ 5— 5-— • 5)

C’ “) — a S—i — p 7’ Ci a 5—4 Cl C_S C) — 1. (/4 P Ci —
s--i s—s a — 4- Ct) s--i : ~~ s—i ~~~ P ~~ s-—i U 4- • - — s--i 5-4

is- C) 5< P — IC) 5< II IC) 5< — — CC’ 5< CD 5< rs- ’ _1- 5’ 75
5 . 5< 5 <  5I 0, P — C )  ~S It (1’ 5 < 5 <  11 (1 “ C) 4 - 5< C l I,  It a C i C iF -  S I 5-—
s--I 5< CD 5- 4- 4- a 4- 5< CD’ 5-- 4- 4- 01 5< > 3’ ~-i 01 ~~ S-S CD a 0-”

LI I  — 5< s--S S—I F- — 5< (s-i 5-4 5) s-- S UI Ii ’ P5 <  s-i 5-4 5—’ s - 5 <  i . t  • 5< — 4—I — 5< 2! CC) iii 5) 5) Cl
75 t o —  — w , C ’ — 7 5  - 7 ) 7 ) 4~~~- s- i J t O 7 ’ ’ s - ) — IJF- c 5 t o —  0 1 L I  — ( 5 -
7’’—5— CiC)’— 5-— CD1 (45-7’7’’s- 5-- C i C ’ s - -” S - - 7 ’ ’ - 5— T Ci ,1 5-- t/S 2 ’ C i s — s ILJ

5- 5-— 7 57 ’  4 - 7 5 —  7 4— .-i - -4L I4- -  4— 5--- 7 5 C’ 0 1 7’  5— 754- I—~~~ ’ C’~ 5-4 5-- ~~ r~’) b—’ 5-- 01 LI —
7’ s--i 0’ C — s-—~ 0- 7’ 5--’ 7’ 2 S—S Cz 0 s-- 5-S 3 7 S—I r F- I J ‘ S—S (5 7’ 7’ S—i —
0 0 - ’ C Z C) U , C l O O O OF - O O C V OZ C U  r Y O O ”  0 . 0It, () ’ C 7 00 0 p — U,
~~~2!U,: CD5-~~~~U , o C_ S rz o ( 5 2 ! U, :  fl s - ’ 7 5 L i . C ) ” U~ 7’s— s3L~~ (5c’o7’s—4

4- 4- 01 s--i
C) t Ci L_S C) — (I. C’ C 2

—C) P- - I”-. a~ CC’ CD (1” CD C) s--I Ci Ci
s--i 4- 4- 4- 4- 4- s--S —S C’) (s-i P-I C’)

[7(1 

-- - -—.- -—-———----~~~
--• -



P 
~~~~~~~~~~~~~~ -

~~~- s-~~~~~~ T~~~ 
‘ ‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

P

C/I
7)
0
5-I
CV
Cl
>

C,,
Lii

a I (/55< a
5) F- 5)
P F- s--i P

5-4 a CV — f—I
— t~s 0 CY —

IjJ • U- C D L I  F-
Ci U,0, CV

* s--i LI 5- Cl
s - U -  75 W i -

5-I 75 LII
5) t .S .-4 5-— -15< CDp 0. — 5— VS
i—i >-~~~~ LI -4 5<

5— 1~ U) W 5 —  (P-
4- S-i r’ j 7 C’s : (A —
y •-~~~~ 0 ~~ 2 ! —  C_- i —
Cl 4- 0~ ~ ‘ 05<
C. l C D  VI 01 0.C) C’ —
LI - 5) s--. Li (/5 4- F- 4-
CD — — Y C~ (.1 ~~ —

— (t i 4- ((‘ 5< C D L I
5< 7 a

Cl 7” 2 !5 -4  ~~ Li’
a S—i s- -S ts- , (5 Cl — a CS •
5) — I, 75 5~~I • 5<

~ L I C)  7 Ci Is-J
5—i 5-I 4- LI fr Iii C/~ Li) U,
‘- F - -  I VS UJ C )  Lii . 1  7 5 —
LI 7) 5< F- Li • 75 0 CV 0 5-4 )<
Cl — C Z C~ I ‘ 5— 2 )— Ij I a 5— -~s--S — 0 2! : a F- • 5) s--I
0. ~ 5< • ~ i— : s—i — -

5< 5—I J~ 
C) S-I 5-C Cl Lii a U) 5) CC)

4 ui 5- s--I a — a Ci 75 5) IV 4-
a : 4- 5-I - ~~ C’) 5--i 4- — LII a P

SI Sf’ 5< Ci 5< (4) Ci 5< S I ’ 5— 5—I Cf-S Ci 5<
(‘I C’ -I- 5< Iii SI CL U—’ 5< F- SI — 7) ~C) 

CC’)
a P-i s--i (\I 5< CV 5-— Ct) 5< 2! ui • 4- 2! C’) s--i

~~~ t~ j — 5< Li P 5< 5-- 5—S 5— • 5< U’ (1) 5) C’ CV’ — UI p .-s-. ~~~
7)

~~~
’ ) 7 )

~~
L ’ F -  h i i 0 ’ V J 7 Cl

5-4 2’ — 5- — 5— Ci C F- ~Ii 0 C’ SS 0. Ii 7’ — 5— 7 2’ 2!
— 5-4 Ui Cl 5--I ii Cl 5< ~~ 0 UI Cl 0 (1, P-~ J s--I UI Cl 5-4 5-4 (~LI 5— 5— 75 i— 5— 75 C/) 4’ - 2’ 5— 75 0- (/) 1’ Lii CD (ii F- F- 75 F- 5— 7)
5-~~7 5—i O 7 5—I (5’ Cl 5 - 4 C l U i L i I  75 7 5 Z 5 - 1 - F Z 7 ’ F - C )
5 - O 0 0 C Q ’C F -0 U 0 C V _ S~~0 5-I U- S--~~0 C V Q 0 0 ( i J7 C
7)Q7 (LL)3- u- : C #—43U, : :

4- s--I C’)
I C Ci C) C) I 1% CD CD C)

C’) C’) CC) -i It’ 1._S Lb F— ~)
P-i P- I 01 01 (‘.1 01 Ct C’) C’)

a

171 

~~~~~~~~~~ _ _ _  -~~ - -
_ _ _ _ _



- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
- T~~~~~~

’ 

~~~~z~~~~~-- -

Appe n d i x  B 
I

Sample Program Out put

—Ii

17



!P
IIP ~~ r ’ .~~~

’ 
~~~~~~~~~~~~ 

-- 
~~
“ ‘~~T~L ________ — T ~~~T’TT~~~ T 1

”

~~~~~~

.

Appendix B

Sample Program Output

This appendix contains  a sample run fo r  the closed que—

ueing ne twork  model presented in Appendix A. The inpu t  data

for this test case is listed below . The output of the pro-

gram begins on the fo l lowing  page .

1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 6
1 2 3 4 5 67 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3  ~56 78901234567890

5 2

10 10

3 1 300 .  300.

1 1 3. 3.

2 1 45.79 89 31

2 1 4 2 . 1 0  8 2 . 0 9

1 1 1 3  1 3

0 _  1~ 0. 0. 0~

0 .  0 .  4789  5211 0 .

0 .  0~ 0~ 0~ 1.

0 .  0 .  0 .  0 .  1.

.1 0.  0 .  0 .

0. 1~ 
Cl . 0. 0.

0. 0. .4789  521 1 0.

o. o . o. i.

0. 0. 0. 0~ 1 .

3 3 3 4  0. 0. 0.

1 7 3
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Append ix C

Users’ Guide

The program preserLted in Appendix A is a closed queueing

network model for time—sharing computer systems. A descrip—

t ion of the system being modeled is requ ired as input into

this program . The following is a description of the data and

the format of the data that comprises the program input :

1. NODES -- -  the number of nodes in the model.

ITYPES --- the numbe r of user types in the model.

INPUT CODE --- READ(5 , lO) NODES, ITYPES
10 FORMAT(2 1l0)

2. NODETYP(l) --- the type of node I.
1 - - -  FCFS node.
2 - - —  Processor sharing node .
3 - - -  Infinite server node .
4 - - -  LCFS node .

IDEP(I) -- - state dependent service rate indicator
for node I.

• 1 — - -  The service rate for users at node
I is not dependent on the state of
the node.

2 — - —  The service rate for users at node
I is dependent on the to tal number
of users at the node. This type
of state dependent service rate is

• applicable to node types 1 , 2, and 4.
3 -— -  The service rate for users at node I

is dependent on the number of users
of each type (1 - ITYPES) at the node .
This type of state dependent service
rate is applicable to node types 2
and 4 only.

SERVICE(I ,J) --- The mean service time for a type J
user at node I. J = 1—ITYPES.

Jr
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INPUT CODE --- READ (5 ,50) NODETYPE(I) ,
DEP(I). SERVICE ( 1,3’),
J = 1, ITYPES

50 FORMAT (2I 10 ,1OF1O.5)

DEP(I ,l ,K) if IDEP(I) = 2 — — — DEP(I ,1,K) is the relative
serv ice rate of users at
node I when there are K
users present as compared
to the rate when one user
is present at the node.

I NPUT CODE --- READ(5 ,56) ( DEP(I ,1,J)
J = 1, MAXUSER)

56 FORMAT t,4)/8FlO.5))

DEP(I ,J,K) if IDEP(I) = 3 —— — DEP(I ,J,K) is the rela tive
service rate of users at
node I when there are K
users of type J present as
compared to the service
rate when one user is pre-
sen t at the node .

INPUT CODE --- DO 58 J = 1, ITYPES
READ ( 5 ,56) (DEP(I ,J,K),
K = 1, MAXUSER)

56 FORMAT(4(/8F10 .5))
58 CONTINUE

3. For each type of user in the system (1 - ITYPES)

PROB(J , I)  --- The probabil i ty that  a user of a given
type wil l  arrive at node I a f t e r  depart-
irig node 3’. I = 1 - NODES. J = 1 - NODES .

INPUT CODE --- DO 75 I = I, NODES
READ ( 5 ,70) (PRoB(J ,I),
3’ = 1, NOD E S)

70 FORMAT(8FlO.5)
75 CONTINUE
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