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CHAPTER 1

INTRODUCTION

1.1 OVERVIEW

In this chaptar some problens associated with tha
growth of computar systems will be reviewed. These problens
are created by the increase in demand for a computar's
resources. This increass requires that a system evolve fron
one configuration to another; that 1is, the system must be
continuously expanded or upgraded to handle a largar

workload, Two guestions will be considered:

1) What is me2ant by throughput in a computer system and

how is it measured?

2) Can this m2asure of throughput be used to datarmine
the most cost-effective configuration of a computer

system at any moment in its growth cycle?

1.2 BACKGROUND

This project =2volved from a study .performeﬂ for the
Naval Education anl Traininy Information Systems Activity
{NETISA) by this author and Dr. Fred Maryanski. The purposa
2f the study was to determine a suitable replacement for a

conputer system waich has reached the 1limits of its



processing capabilities, The system 1is shown in Figure 1.1.

The hardware consists of an IBM 360/65 with 2.5 MB of
real a2emory. OJn-line disk storage is equivalsnt to 3o
IB¥-3330-type drivas. Twelve of these drives are devoted to
an on-line 3ata base sy#tem. Several tape drives, card
readers and gprinters are available for batch input/output
operations. Approxiaately 150 remote interactive tesrminals
ard 10 remote batch tarminals are attached through an
IBK-3705-conpatible communications controller, It is plannad
that in the fature over 500 terminals will be supportsi with
an on-line data bas2 of possibly 30 disk umits.

The operating system currently in use is O0S/MVI. One
fixed partition of 500 KB is used to support a
telecommunications monitor, EHNVIRON/Y (1), which is markatad
by CINCOM INC., This monitor (describad in Appendix 1I)
provides on-lines data tase inquiry/update capability for the
remote £erminals. The TOTAL data base system (2) is us=23 for
data managam=nt and BTA4 is used for terzinal access.

Approximataly 1.4 MB of memory is devoted to Dbatch
processing. An average of 4 batch jobs are run concurrantly
and the Jjob mix is varied between compute-bounl and
I/0-bound jobs, Jobs which access the data base hava their
Jwn separate copies of IOTAL so careful scheduling must be
used to avoid conflicts between the batch Jjobs ani the

op=-lina programs.
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1.3 INCREASED DEMAND FO# SERVICES

The NETISA computing center was faced with increasing
demands for servicas., In addition to the increase in the
nunber of terminal users and in the size of the data bass,
more batch and real-tipe épplications were plannel., This
increased demand had resultad 1in slower teraminal response
time and slower user turnaround on jobs of all types. It was
evident that a system with greater throughput was nead23.

In making the lecision to upgrade or expand, there are
few gquidelines available. Since the demand on =2ach
particular system 1is differ=snt, there are no formulas or
rules of thumb to 3raw upon. The decisions to expand must
address the siz2 and speed of amemory, nuﬁber and speed of
processors, disks and drums, number and type of data
channels, 1Inde=21, the evaluations upon which to base the

decisions may becom2 a major part of the cost of expansion.
1.4 APPROACHES TO EVALUATION

Ifwo approachss have been taken in evaluating the
capability of a given conmnputer systen, analytic and
'sinulation, In some systems the analytic method proves
gseful. Scherr (3) desigred a simple model of the Project
MAC system at MIT and Sm;ith (4) constrﬁcted a aodel of a
paged time : sharing system, Howaver, these models usually
lack flexibility and cannot be easily. changed to ra2flect
different system configurations.

Siaulation moiz2ls, however, can be juite flexible as
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shown by Scherr (3), O'connor (5) and Nielsen (6). These
nodels are also dynanmic and are better suitei to
investijatinyg a constantly changing system. WwWhile there are
nany pitfalls in tryinj to simulate a coaputer system (6),
simulation ssems to be the-best tool available at this time
to evaluate systam configurations and decisions can be based

an these evaluations at a reasonable cost,
1.9 ADDITIONAL PROCESSING CAPABILITY

Faced with a backlojy of batch and real-tinme
applications, NETISA decided to upgrade to a larger systea
and let the majof computer vendors rely on their experiance
to choose the correct hardware and software. A
multi-processor configuration was planned, This upgrade
would solve the immediate and long range probiems but at an
anorazous price. A wmore cost-effective solution might be to
extend the life of the existing system by off-loading some
>f the functions to additional processors. A simulation
study could be wus2d to evaluate these alternativess, The

following possibilities exist:

1) Put th2 t2lecormunications monitor on a front-end
processor, The monitor uses considerable CPU timz for
messagje processing, paje swapping and communications

overheai, In addition, the monitor rejuires 500 KB of

main memory which could be used for new applications,

2) HNove the data base systen to a back-end processor.



This idea 1is not new (7); 1in fact, several data base
systems including TOTIAL have been put on minicomputars.
The amount of additional throughput gained would depend
on how heavily the DBMS was being utilized and also how
efficient it 4as in processing requests. Studies have
shown (8) that up to ‘unc of the CPU time in a large
systea may b2 Jevotad to DEMS processing. This solution
seens very attractive when additional CPU time 1is

nzeded.

3) Both th2 data base system and the monitor coull be
put on a front-end processor. It would appear that this
solution wonld help the wmain processor (more mzmory,

less CPU demand) but possibly not help the monitor.

4) Put the monitor on a front-end processor and the
data base syst2a on a back-end processor., This may be
an effective but expensive solution, The use of
minicomputers could make this solution more

cost-effective, however,
1.6 OBJECTIVES

In this study a simulation model of the basic NEITISA
systam and the four variations describzsd above will b2
created. Each system will provide batch processing,
teleconmunications services and data 5ase management., The
paramaters on the basic system will be adjusted so that the

Systen resourc2s are saturat2d4 and the throughput of each



model Wwill be meaasured to determine the advantages and
disadvantages of that particular confiquration. This will
demonstrate how simulation is an effective tool 1in

evaluatin; possible system expansion and upgrades.



CHAPTER 2

THE MODEL SYSTEMS

2.1 OVERVIEW

This chaptar pressnts tne five models used in this
study, The first model reprasents the basic system which
will serve as a reference, The resources (CPU and m2mory)
of this referenca system are fully utilized.

The remaining four wmodels are variations of the basic
model. gach wvariation provides additional processing
capability by transferring some of the load to an additional
processor. The gain in capability will depend on the job mix

and terminal loaliny of the reference model.

2.2 MYODEL REQUIREHENTS

If these models are to serve as as a tool in an

evaluation they must zeet certain reguirsracnts:

1) The configaration should be easily adjustable by
modification of a few parameters. It should take only

minor mo3iification to changes configurations,

2) The moisls should b2 responsive to chang2s 1in
paramseters., It may be necessary to make siaulation runs

with various job mixes and aexmory sizes or number of



terninals.

3) The lev=2l of detail should be such as to include the
important variables yet still allow the model to rum in
a reasonablz amount of tize. This will require that
activities an order of magnitude larger or smaller than
this level be analyzed in a separate study or stuiizss
and the rasults bLe input to> the main simulation model

as parareter values,

4y The various algorithms and componants of the modosl

should be modular so they can be easily changed.

5) The mod2ls should gJive meanindful statistics on
gueue sizes anl resource utilization as well as overall
syster throughput. This gives additional information on
how the resources will be utilized in a particular

configuration.
2.3 GENERAL ASSUHPTIONS

In all the models the CFU's and operating systems are
assumed to be ejuivalent and comparable to an IBM 360/65
with 0S/¥VT. This assumption is made to simplify the modeal
and may not reflect an actual systen, Arminicomputer which
is nore cost-effective would probably be used for th2 front-
a2nd or back-end processors. However,rsince the proca2ssing
power of somz mini's are approaching that of large machines,

aspecially in 3 single application, this assumption is
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justified,

Fhe asmount of main memory allocated to the operatinjg
systems is assum2d to be constant. This is not strictly true
since a change from one configuratisn to another will
usually cause a change in the size of the resident operating
system. However, the change should ndot be large enough to
affect the model.

The CPU's are connected by a channel-to-channel ajaptor
so the transmission delay between machines is negligibls.
This seems to be 1 reasonable assumption since the DBNS
requests and responses are short and sent at very high
speed. A small amount of delay 1is included in the mod2l for

jueueinyg .

2.4 BASIC SYSTEM (I)

The basic systam is shown in Figure 2,3, Tt is similar
to the system described in Chapter 1. A fixed partition of
500 KB is 2allozatad to th2 comamunications monitor. This
monitor is model2d after Cincom's ENVIRON/1 and is typical
>f many teleprocessing systenms which are currently in us=s,
The anount of load that this wmonitor places on the CPU is
highly depanlent on the number of terminals on line and the
particular applications which are beiny performed. The
paramneters for the model are taken from the NETISA stuly and

appear in Chaptar 3,
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The data base management system model is a remory
resident, re-esntrant system which services both the monitor
and the batch djabs. The azmount of memory required for this
system is assuma2d to be negligible coapared to the batch and
monitor requirsmants. There are two channels available for
disk I,/0 and 12 1isk drives for the.data base. The channels
mnay be shared among all the disk units.

The batch system is allocated 1.5 MB of memory. Within
this area up to 15 jobs may be run concurrently and all jobs
have ejual priority when rejJuesting system resources, The
job mix 1is assuned to include both compute-bounil and

I /0-bound jobs.
2.5 FRONT-END MONITOR (II)

Figure 2.2 shows the first variation of the basic
system., This system uses an additional CPU as a front-2=2nl to
handle the communications monitor. All paye swapping,
checkpoint recording and communications overhead will be
handled by this CPU. Data base requests must be sant to thz
main CPU for processing.

The advantages of this configuration would appear to be
a gain of 500 KB of memory for the main CPU and adiitional

CPU time for monitor message processing and overhesad.
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2.6 BAZK-END DBMS (ITI)

Figure 2.3 shows a back-end data base system, This type
of system can take considerable load off the main CPU. No
3dditional memory is gained in this model but more CPU tinme
for processingy DBYS and disk 1/0 rejuests should be
available, DBMS ra2quests from both the monitor and batch
system must be sent to this back-end processor. The gain in
taroughput should depend on how much of the basic systazm CPU

time is used by the DBAS,

2.7 FHONT-END MONITOR/DBMS (IV)

The model shown in Figure 2.4 puts both the monitor and
DBMS on an additional CPU with only the batch system on the
main CPU, This configuration will provide 500 KB of
additional memory to batch but the gain in CPU availability
is not immediately clear. There will be additional
processing power available but whether it can be utilized
will dependi on how the CPU load is distriboted among the
monitor, DBMS and batch systems. The batch system must send

all DBMS reguests to the additional CPU for processing.
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2.8 FRONT-IND MONIIJOR, BACK-£9D DBMS (V)

Fijure 2.5 show#s a model which includes two additional
ZPU's, The s2coni CPU is usel as a front-end for the monitor
and the third CPU is a back-end for the DB#S, There will be
an additional 500 KB of memory available for batch ani =zach
major system will have 1its 5wn CPU. As in configuration IV,
the gain in throujgaput for the total system will depend on

the demand f£or resocurces of each major systen,
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CHAPTZR 3

IMPLEHFNTATION

3.1 OVERVIEW

The implem2ntation of the models will now be prasanted.
The general assumptions and parameters used will b2
discussed and one wocel will be described in d=2tail.
Measurements of throughput in the wmodels will be relatzi to

the real systeans,

3.2 MODEL DESCRIPTION

Appendices II and IV contain flowcharts and listings of
the five models. The systems were nmodeled in GPSS V ani run
on an IBMY 370/158. The programs rejuire approximately 2
minutes CPU time for 1 minute sinulation time, This figure
is highly dependent on program parameters. A simulation
time of 1 minute was used for all runs. This time is long
enough to g2t 3ood random distributiosns and a reasosnable
measurenent of throughpnt,

Bach model has three sections; the monitor, tha batch
system and the data base systam. A separate CPU scheduler is
used for each CPU 1in the particular system. The unit of
sinmulation tire is 1 msec, This was chosen as a comproaise
so that botk the f£ast CPU and the slow terminal coull b2

studied in the sim2 model, Th2 primary considerations are
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ZPU, zemory, and data base utilization and batch and monitor
throughput. A 17 ms2c time unit is sufficient to get 1 3jood
measurement of ceach of these itens.

All five proyrams are similar. The change from one
configuration to another is an addtional CPU and/or
additional memory and a deléy in sending data bas®2 reguasts
to/from a back-2nd1 or front-end processor. Therefora only
Model II, the front-end monitor, 1is <chosen for detailed

2xplanation below,.
J.3 COMMUNICATIONS MONITOR

The monitor <could be modeled in detail but a paging
system 1is very complicated and difficult to model and
probably should be evaluated in a separate study. Wz have
used parazeters obtained from the NETISA study to make a
simplified model of this monitor. However, it should be
accurate 2nough to give good results., The monitor can be
regarded as a batch system which executes one job (messijye)
at a time. Tha ~jobs nave a very small CPU requirement
(comparad to r=2al batch Jjobs) and a high I/0 requirement
because of paging and data base requests, All
communications overhead is assumed to be handlel by a
programmable controller and not reflected in this model.

As shown in Appendix IT; terminal messages
(transactions) are generated at the rate of one m2ssaje per
terminal eavery 40 ssconds. There -are 100 simulatad
terminals, The m2ssagzs are assigned the following

paraneters and jicued at the input to the monitor:
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1) Nuabar of context blocks needed to swap in. Thase
blocks holi th2 non-re-2ntrant data for each teraminal.

An average of 10 tlocks is used.

2) Total CPU processing time needed for this message.
An average of 10 msec or 400 msec is wused in sasparata

Tuns,

3} Total paje swaps neaded during this nmessage
processingj. An averag2 of 1 svwap 1s used bhut this is
highly dependent on whether the terminal usars are
accessing diffarent parts of the application program. A
Cincomn study (1) shows that in data base
update/retrieval with 1037 of the application progran in
memory, th2 correct paye will be resident 904 of the
time. A NETISA study (9) seeas t> confirm this low

swapping rate.

4) Total data base I,/0's needed to process this

m2ssaje. An avarage of 5 is used.

5) An averije output ma2ssaje length of 200 characters

is used with 3 line spe=d of 4800 Baud,

All the above parameters wer2 obtained from the NETISA
study.

When a messij2 gets control of the aonitor it must swap

context blocks anl do page swaps. A sSeparate swapping disk

is assuaed for thes2 operations., The message naust then hold
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the CPU for some compute time and perform the assignad
number of 4ata basz2 I/0 's, In configuration II, the monitor
must s2nd tha DBMS requast to th2 main processor and receive
a reply back. This reyquires 2 msec transmission tim2. The
message transaction has priority over batch when requssting
a facility such as the CPU or DBES, This is done to insure
fast teraminal response tine.

When the message has been processed, a simulat=2d reply
is sent to the terminal, the message transit time is
tabulated and the transaction is terminated. The numb2r of
messagaes processed in a given time serves as a measurs of
monitor throughput,

The monitor can be viewed as a program which requires
the following systam resources:

1} 500 KB of main memory;

2) Some small amount of CPU tire (<=500 ms2c) per

message;

3) A large amount of disk I/0 (data base and swapping}.
3.4 BAICH SYSTEM

The batch modlsl is not written to simulate a real batch
job stream, It is intended to naximize the usage of systenm
resources and provide a measure of the potential throughput
of the wvarious configurations. Parameters are adjusted on
the various runs to corraspond to different job mixes (i.e.
compute-bound or I/J-bound jobs). If parameters from 3 resal
systeﬁ wers available, they cnuld also be used.

The n0d21 j2na2rates 20 batch jobs (transactions) which



23

are placed in a job qu=2u2 awaiting memory allocation. The

averaj2 job size is such that approximately half of th2 jobs

ire

on the gqu2u2 and half in memory at any time. This

results in high atilization of available nemory and CPU

resources, Each job is assigred the following parama2ta2rs:

1) Total CPU time needed. An average of 250 ms2c par
job is us23, This figure is very small compared to a
true batch environment but a large nuaber of short jobs
can utiliz2 th2 system resources to the same degree as
longer jobs., Since many short jobs will completz in the
1 minute simulation time, the number of jobs complatad

will give 3 gjood measure of batch throughput.

2) Total memory nesded, An average partition size of
300 KB 1is used. This number was experimentally
determined by varying the job size (i.e. dejr2e of
multiprogramming) until the @axisum throughput. was
obtained, This partition size was found to be optimunm
for both I/0-bound and compute-bound jobs.

A r2al batch job stream would be more
unpredictable than this and again real parameters could
be used if availabls, Uowevar, since we are trying to
maximize the use of the system resources, this mathod
will provide very high memory wutilization, 5o00d
comparisons <=in th2n b2 pade betveen configuratioﬁs

with different amounts of memory.

3) Time between D3NS requests., This parazeter was sot
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t> give 50% or 85% I,0 wait time for different runs.
These figuras are typical of actual batch installations
{10) with 50% being essentially a compute-~bound job and
854 an I/0-bound Jjob. I/0 wait time is defin=21 as

follows:

total I/0 wait tinme

]

w(%) ——————————————————— X 100

total 1,0 plus total CPU time

4) CPU time slice. CPU time was allocated to thz jobs
in units of 100 msa2c. This figure is typical of many
operating systems and it was found to give wiximum

throughput for the models.

After memory is allocatad to a batch job, the job must
conpate with the other jobs for access to the CPU and DBMS.
When a job has finished, 1t re-joins the job guauz for
re-execution, The numbar of jobs processed in a given time

serves as a measure of batch throughput.
3.5 DEMS ROUIINE

A common DBMS routine is used for all jobs in the
system, The routin2 1is re-antrant and brovides simulated
access to 12 disk units. These units have an averajs s22k
time of 230 asec and transfer time of 2 msec. Two channels
waich can be =zultiplexed to the disk units are also

simulated. The disk units are chosen at random while the
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channels are chosen according to the smallest channel guau=,

Fach DBMS raquast raguires 1 disk access and 10 msec of
conpute time., Th2se figures are chosen to provide a certain
load on the system so ‘the advantages of the different
configurations can be seen‘clearly. Actual values for these
parametars woull 1epeni on the data, file structures,
applications and buffering technijues., However, sinc2 w2 are
modeling a somewhat hypothetical system, we can feel frea to

arbitrarily s=t parameters as long as they are realistic.
3.6 CPU SCHEDULER

A separate VCPU scheduler is used for each simulated
CPU. Urhis scheduler gives jobs the CPU on a first-cona-
first-served basis. The monitor has priority over batch jobs
for this resourca. An average of 1 'msec is used for overhead

2ach time a new job is initiated.
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CHAPTER 4

RESULTS AND ANALYSIS

4.1 OVERVIEW

This chaptar presents the method used for establishing
nodel parameters anl tha results from the various simulation
tuns. An analysis of the data is made to explain why one

configuration is most desireable under certain conditions.
4.2 TEST METHOD

Model I 1is used as the reference model. Assuming that
the resources of this system are fully utilized, which
System, II through V¥V, would give the mwmost additional
throughput? Th2 following steps were followed in making the

simulation runs:

1) Assume some fixed CPU overhead for all CPU's. The

ramaindsr of the CPU time is available for useful work.

2) Maximiz2 throughput on Model I by varying parameters
for job size and time slice. Use the same valuzs for

the other models (i.e. assume same job size mix).

3) ¥ake sinulation runs using the following paramatars:

(1) 50 I/0 wait, 10 asec CPU time per message.



21

(2) 50» I/0 wait, 400 msec CPU tize per message.
(3) 85% 1,70 wait, 10 msec CPU time per messaye.

(4) 85% I/0 wait, 400 msec TPU time per message.

U} Keasure relative performance by the number of messagsas

and jobs coxmplet=d per unit time (1 minute).
4,3 SIMULATION RESULTS

A tabulation of the simulation results is given 1in
Appendix III., A summary of each run is given below. The

throughput is normalized using Model I as a reference.

(1) MESSAGE THROUGHPUT JOB THROUGHPUT

I 1.00 1.00
1.1 1.23 1.02
III .04 1.50
Iv 1.83 1. 31
v 1.49 1.51

Simulation run (1) used compute-hound batzh Jjobs
requiring 68.9% of availatle CPU time and with the data base
system requirinj 2b.2s. The monitor CPU usage was very low
at 14, Systam IT showed 1little increase in batch throuaghput
since the monitor CPU demand was small. Even the additional
500 kB of memory made no difference since any adiitional
jobs in memory war2 waiting for the CPU. Monitor throughput

increased slightly because of the additional CPU dedicated
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to message processiny.

System I1I provided 50% gain in batch throughput which
shows the effect of removing the DBMS demands from the main
processor, Systams IV and V both had significanrt gains in
t hroughput for batch and zonitor, In System IV the front-2nd
CPU utilization was only 45% so the monitor throughput was
very high. Syst2n V showed the effect of the d=2lay 1in
sending tha monitor DBHMS reqnasts to another machine., The

monitor throughput decreased significantly.

(2) MESSAGE THROUGHPUT JOB THROUGHPUT

I 1.00 1.00
11 1. 09 1. 27
III .997 1. 26
Iv 1.30 i 1. 38
¥ 1.27 1.77

Simulation run (2) used compute-bound jobs reguiring
5S1% of availabls CPU time and the data base system 20.14.
Phe monitor usage w#was increased to 25.8%. System II ajain
showed only a small increase in monitor throughput. The
reason for this is that the monitor has highest priority for
resources so an additional CPU is not too advantageous. Th2
batch systenm did respond with sore gain however. Systeas
ITI and IV show2d the importance of putting the batch and
DBMS on saparate processors. Monitor throughput on Systen
II1 was affected by the delay of sending DBMS requests to

the back-end procassor, Incr=2asad throughput for batch was
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obtairad on all aolels aspecially HModel Vv due to constant

availability of the CPU.

(3) MESSAGE TEROUGHPUI - JOB THROUGHPUT
I 1.00 1.00
II . 940 ' <373
I1I .940 1.10
Iv .819 1.29
v 1.03 1.43

Simulation run (3) used I/0O-bound batch jobs reguairing
only 26.4% of available CPU time and the data Dbasz systan
reguiring 62.3%. The monitor CPU usage was again low at
about 14. None of the systems showed a significant gain in
monitor throughput. The reason for this is that the monitor
was I/0-bound by the data base sSystem. In fact, in Models 1
through Iv both th2 monitor and batch are both I/0-boand by
the DBMS, Data basz utilization of the CPU indicates that 60
to 90% of available time is wused for processing DB4S
reguests. Only System V with 3 processors gives som2 reliaf
under these conlitions and still the DBMS processor is
utiliz=d 97.5% of the time. Moraz processingy powar for the
DBMS is «clearly needed. Possibly a nultiple processor

back-end DBNES could be used. (11)
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(4) HESSAGE THROUZHPUT JOB THROUGHPUT
I 1,00 1.00
11 1.20 1.32
III 1.07 1. 16
IV . 944 | 1.28
v 1.00 1.84

Simulation run {4) used I/0-bound batch jobs regairing
18.4% of availabls CPU time and the data base system
requiring 4%2.4%., The monitor was set to 33.3% CPU usiag2, The
results are similar to run (3). Both the monitor and batch
systems were I/O-bound by th= DBMS, The DBMS again rejuired
between 60 to 90% of CPU time. '

System II showed some increase in batch throughput
probably due to extra memoryvy and thus more Jjobs in main
memory. System V also had a large batch throughput Iu=z to
increased memory and increased processor power. Non2 of the
systems had significant gains 1in monitor throughput since

the monitor was usually waiting on the DBHS.
4.4 COST EFFECTIVENESS

The models presented will vary in cost depanding on
several factors, It was assumed that wheh the monitor was
moved to another processor that the 500 KB additional aemory
would be available to the host. Thus.the front-end would
need at least 500 KB to run the monitor. It was also assumed

t hat the memory us2d by thes DBMS (TOTAL) was negligible.
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This may not ba thz cas2 with other data base systems which
use 200 KB or more.

The «cost of these various configurations must be
considered relativa to the cost 2f up-grading the original
system. It must b2 noted that if one of these proposad
systens were impl2amented, th=s main system could still be
up-graded at a later date,

System III would be the least expensive of th2 four
systems presentszi. Systens II and IV would be more
expensive becauss of the additional memory and System V with
two CPU's, two interconnection channels and additional

menory would be most expansive.
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CHAPTER 5

CONCLUSION

5.1 SUMMARY

The sizulation results show that the addition of a
front-2nd or back-2nd procassor may increase throughput of
the comaunications nmonitor, the batch system or both
systems. A particular environment must be consider=3i in
order to detarmina2 the bast configuration. Given below is a
sunmary of tha rasults for the four environments used in

this study:

1) Compute-bound batch, I/0-bound monitor---Mor2 CPU
time is n223d2]1 for batch and removing the DBMS to a
back-eni is the best solution. If increased monitor
throughput is needed, the monitor should ra2sides on the
same machine as the back-end DBMS. Configurations
III,Iv or V could be used, System III 1is most

cast-effective.

2) Coampute-bound batch, compute-bound monitor--- More
batch throughput could be attained with configurations
II through IV, Iacr2ased monitor taroughput is attained

with IV or V. Systeas II or IV are most cost-sffectiva.

3) I,/0-boand batch, 1I/J-bound monitor--- Confijuration
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IV or Vv would give some additional throughput for
batch., Nona2 of the propos23d confijurations helps the

monitor. Systen IV is most cost-effective.

u) I/0-bouni batch, compute-bound monitor--~
Confijuration II would help both batch amd monitor with
Iv and Vv increasing ktatch throughput, Systens II or IV

are most cost-zffective.

5.2 Extantions

In this stuly a large and camplex coaputer systam has
been simulatsd, Becaus2 of time and efficiency restraints,
some assumptions and simplifications in the models ware
made, Although ths results seem reasanable, one may wonder
if thaes2 results hava m2aning in the real world. How could
the accuracy of the results be evaluated and possibly
ioprovad? Thers are four areas where more study could

improva accuracy:

1) The cost-2ffectivenass of all conversions shouald be
studied in detail. all planning, hardware, software
and maintesnance costs should be considered for =2ach
confijuration, Estimates of time needed to implement
and useful lifetima of each systeﬁ should also b2

included.

2) A nor2 careful study should be directed toward

battlenecks in the system. For exanple, the monitor
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paginy disk utilization was 60-70% in the moda2ls. The
use of a faster disk or drum wnight give the sane

results as an added processor with less cost.

3) An actual systeﬁ should be studied in datail.
Measurements should be made in bdth hardware and
saoftware to detormine  resource utilization, qu=aue
lengths and other parameters which cbuld be used in the
nodels, Subsystems such as ENVIRON/1 should be studied
separat=2ly and input to the model as a set of demands

on system resources,

4) One or more of the configurations shoull be
implemented and additional measureaents taken. The
neasured results should be compared with the simulation
results to test accuracy of the models. Only by actual
experimantation such as this can the validity of the

assunptions bhe tested.
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APPENDIX I

ENVIRON/1 DESCRIPTION

Al.1l GEXERAL

ENVIRON/1 is a communications monitor marketed by
CINCOM INC. It is written in IBM 360 ASSEMBLER and
requires a minimum of 200 KB of storage. The program
uses BTAM to access remote terminal or printer devices.
The programmer writes device independent application
programs which permit terminal users to access on-line
files. An interface to the TOTAL data base systenm (also
a CINCOM product) is provided.

Al.2 PROGRAM DESCRIPTION

Figure Al.l shows a block diagram of the ENVIRON/1
system. The control portion of the program contains
device handlers, a task scheduler, interface to TQTAL,
program loader and checkpoint recording software.

The application programs are coded in a language
called TEBOL which is a dialect of COBOL with
additional capabilities for telecommunications. A
special compiler and link 1loader are available for
compiling and merging TEBOL modules into one large
re-entrant application program. The program is divided

into 512 byte pages and stored in a program data set as

37



ENVIRON/1

Figure Al.l. Communications Monitor
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shown in Figure Al.1 The program data set is much too
large to fit in core and 1is paged by the control
program into the R~PAGE area. All on-line terminals use
the same re-entrant program and thus the programmer has
a single terminal concept.

The non re-entrant data for each terminal is
stored in 512 byte blocks in a file called the ROLL
FILE. These blocks are also demand paged into an area
called the DMB/PMB area. The number of these blocks
assigned to a particular terminal is varied dvnamically
depending on the application being accessed.

Al.3 PROGRAM FEATURES

The menitor handles all commumications functions.
All transactions are logged on tape and periodic
checkpoints are taken to prevent loss of data.
Utilities are provided for rollback and recovery and
maintenance of the program data set. A screen mapping
subsystem is available to facilitate formatting of CRT
displays. A supervisor mode exists for checking line
activity and individual terminal status, taking
termingls on or off line and broadcasting messages to
selected terminals.

The application programs may be written in TEBOL
or ASSEMBLER. An interface method to core resident
FORTRAN or PL/l programs is also provided. The programs
have access to three types of disk files in addition to

the data base files.
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APPENDIX 11

Generate
message

4

Assign:

1) Context blocks
2) Page swaps

3) CPU time

4) Data Base I1/0's
5):Msag: length

f
Seize
monitor and
CPU

WP
Read

context
blocks

L

Process
message

\
Do
Data Base
1/0's

Release
monitor

Y

Send message
to terminal

Terminate

COMMUNICATIONS MONITOR
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Generate
20 jobs

Y

Assign:
1) CPU time
2) Partition size

Y

Request
memory

r

Process
data for p&——

100 msec

¥

Release Loop
CPU for until
time slice done

Y \
DO
Data Base
I1/0's

b

Tabulate
job
statistics

Y

Release
memory

BATCH SYSTEM




Join DBMS
. queue

Y

Get channel
l or 2

—

Get disk unit
1 to 12

¥

Do DML
processing

{

DO disk
1/0

DATA BASE MANAGEMENT SYSTEM



ABBREVIATION

CPUM
CPUB
CPUD
CPUl
CPU2
CPu3
OVH1
OVH2
OVH3
CPQl
CPQ2
CPQ3
MONQ
JOBQ
MEMU
MSAG
MTIM
TRAN
JOBS

JTIM

APPENDIX III

SIMULATION RESULTS

MEANING

.LPU utilization by monitor.

CPU utilization by batch system,

CPU utilization by DBMS.

Total CPU utilization.
Scheduler task switch time.

Average CPU task queue contents.

Average monitor queue contents.

Average batch job queue contents.

Average memory utilization for batch jobs.
Total number of messages processed.
Aﬁerage transit time for messages.

Average time message held monitor.

Number of batch jobs processed.

Average processing time for batch jobs.
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ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
COPY AVAILABLE
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ABSTRACT

This  report describes a simulation study of
alternatives to upgrading iarge computer systems. A model of
a system with a telecommunications monitor, a batch job
stream and a data base manager is presented. The parameters
of this model are adjusted so that the system resources are
saturated and the throughput of the system is then measured.

The use of an additional processor(s) to increase
throughput 1is considered. Models of the following
configurations are presented:

1) Telecommunications monitor on a front-end processor.

2) Data base manager on a back-end processor.

3) Telecommunications monitor and data base manager on

a front-end processor.
4) Telecommunications monitor on a front-end processor
and data base manager on a back-end processor.
The throughput of each of these models is measured and
compared to the throughput of the original system. The
advantages and disadvantages of each configuration are
discussed in terms of cost-effectiveness and increase in

system capability.



