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ADSTRACT

Ferfocmance Amalpsis of a EST3/E Tiseshacimg Spstes

cam be greatly aided
Statistical Amalysis
sasy-to-use interactiwve

by the
PEOYT als
progran which caa bu used on

use of thea HINITAB
ALEITAD iz am

4 BSIS/E systes to amalyze data provided by the

"STATOS

This paper outlines soma
how HINITAR can be

of

usad
BSTS/E system performance datd.

actual studies aided by taa

gram will be outlined
AINITAUE cam @ a powerful
les.

1.0 INTRODUCTLON

The need for sSystes peclocsance
analysis of ¢ ASTS5/E tisesharisg
aysten is often avoelded or wseg-
lected by the systes mahager. This
papec will dissass the =z of a
softwace tooal, HINITAB, a8 an aid
ko ESTS/E pecfocaince amalysis.
The cesults of such &an amalysis cam
be mofe capacity, better fenstiom-
ality, redoced casts, and predic-
tion of future rcesource cequics=
BEnLI.

There are three technigess ssel te
amalyze opeciting system pecfocm-
ancel

1) Basic QJueaisg knalysis

2] Sisulation Methods

3) Data Analysis
This Tl-rll‘ will ecomcentcakte on bhe
techalgus of data analysis. This
is mot ss4nt to Laply this techal-
que is the best of oaly cheica for
RETS/E pecfocanice amalysis, bat
cather it iz 3 cholce based on
several assusptions. [t is assumed
the BSTIFE sfstem mARAQEr  has

Fristimiegm of tu o Edu s Compuinr Ly Soouly

Lah]

pProgras orf Sthars Sources.

the possible sethods of
to examine and aaalyze
Im addition, two
waw of the AINITAB pro-

to provide ezamples of bow
Accessary fof these stud-

little of oo expeciance in
systas pacforsance astudy.
assused the AyStes BARAJET
backgrousd in statistics.
assussd the spates BaR4AgEEC
perspective and
anderstanding the operatisy system
4z a whole. It is assused the sSys-
ten mdnager has a yood wnderstand-
ing of the hardwace and softvice
capabiLlity and limitations of the
575/ sypsten ander study. Thase
assumptions make the techmigue of
iata amalysis a good cholce Lor tne
AVELAge SFEten BaBager tryimg to
daderstand the &jsten.

msaking a
It im
has some
It 18
has same
seasitivity €or

Sijaificent information
operating systea®a
ba gaimed by analyzing aystes
activity data. The watilization
laval of a specific systea Fesoucce
of the throwghput of the eatire
gfstans can ba measured by analyziag
IEI“I activity data. Thers ace
thees staps to be Efollovwed whan
making &4 systeam pecformance study

based on systes activity data
analysisg

aboat an
rEorBARSR Zan

Sa g — Dacksiier FITR




Step 1 - Establish the objeztives
af the syates perfocmance stady amd
what systen activity data will be
cegaired for amalysis so that those
ob jectives cam be mak.

Step 2 - Pacfors the collection of
systes activity data from the opar-
ating systes under study.

Step J - Analyze the collectsd data
and fors coacleasions from this
amalysis for wuse lp evaloatism of
the objsctives satablished im step
1a

The objectivea of a systss paciocm-
ance study can be DuSSCOUS Bust
ba cleacrly and zopsisaly stated.
The juestlios "why is the system so
8low?" La sot an easy abjective toc
4 pecfocaance atady auss it doso
not idemtify a parthlcular acea ok
the ayetes whizh can Bba subjectsd
to data analjsis. & better juestion
to ask i# "why is terminal reaponaa
tlme =0 bighl'. This question
identifiof a &pecific area of the
systes whick cam then Be stulied
pechaps alosg with other celated
data (ssch as samber of jobs oa Ehe
systen) . By selecting am weasily
identifiable objective, the cholce
of wvhat systss activity wvaclables

to measuce besomes substantially
sasinc.
Systom activity data ocam be

ssasurced from three sources:
1) Humam Ronlitocinmyg
2) Hacdwacre Hosltoc
1) Softwara Nowmitor

The least complex soafce &0 uss is
human observation of the aystes at
work. An exaspls of this vould be
asing A stopeatoh o scdasuce the
thoe of a tramsactioa on the sys-
tam. ddvantages of human obsecva-
tion is that it Jome not jemercaite
intecference 28 the target systen
under obsecvatlos asd that it gen-
eralliy results im an easily wasaged
amaunt of data. It alao helpas te
provide some "Eeeling" foc what Ls
asccaring on the system under stuly.
i disadvastsje is oot all systes
activies are chservable by husan
BEARS.

A hardvace momnitor cam ba ased to
measure systea activity dita useful
im & systes perfocmasce study.
This is a wery good approach to
ssasure wtilization of a systes
component which may be difficalt ko
obsecvye by human or Software msans,
Alsa; no istecierence ils made Lo
the systes ander ohsecvation, A
disadvantage to tals approachk is a
macdware monitor is usually limited
to concurceRt obmervation of of a
Emall nuaber of vaciables 4t a
tise. This say sake it difficult
to draw apcucate oconclesiops for
solvisg poor ovecall system perc-
formanon.

4 softvare somitor is a good astaod
to uss toa @measSufe STStes ackiwiky
data im larje amodnts and vith a
largs sumber of cofcurremt wdria=
bles. Slace the softwate sonitor
russ on  the systes onder stedy,
somn loterfecencs Ls yenecaced dec-
ing it's use. This Amterfersuce
can cangs from megliable {amd
therefore figmored)] to ezcesaive.
b advantays of walsg a softvace
saEitor is it's ability to be

alther eveat dcivem oc clock
drivesn. QO4ta about systes activity
can be rCecorded whem a cactainm

event occurs (& LUSLIN) or aftul a
given period of tiee has elasped
{avery 10 miostes). A sijsificant
advantage i that 4 softwace moai-
tor can provide ie's oetput data im
4 very easily amalyzed focm.

Thia paper JQiscusses data prisa-
cily obtaised with 4 softwace muni-
toc. Tone most aseful softwaces moa=
ftor on a ASTS/E aystea i3 the
TSTATUSY groytas, assuming the
STATS optiou was selected at systes
geascation time. This progras pro-
vides data in threws very ACEAR]
CPU, DISKE amd TASE utilizatioa of &
BESTS5/E systea, The YSESTAT' pro-
4Eam cam alss be used to provide
systes activity data, prisacily job
ociented information. It is posai-
ble to "homebrev® a program to pro-
vide data for ayates asalyaia Eoc
Suca itesms as event recording and
tacminal cesponse tima. Aima,
accountiny deta provided by the
ESTE/E ayaten mhosuld not be aver=
looked a8 & sodcce of data for
potantial amalysis.




The apalysie of the collectsd data
is the sost fsportast otep im a
systemn pecformance study. The data
sust be analyzed in sech a fashion
8o the resslts atre preseatable im
sagily usderstocd and manageable
foras. Graphleal oatput is &
bighly desicable form of owtput
because it is sasy to sake comcla=
slons from and bas good potsatial
for providiag imsight cregacding the
vaclables seasiuced.

It is at this polst the
progran should be msatlioasd. This
progras has wany features which
lends Ltsslf to easy asalysis of
systens sctivity data while cesmain-
ing an sasy i3 ase Lool. HINITIE'S
opacatibn in 4 timesharing mole on
a ESTS/E system enables the system
manager to cosplete a perforsance
study without having to use & dif=-
ferent compater aSystea to anslyze
the systes activity data genacated
by the BSTS/MA systes under stulyy
both data collection amd amalysis
can oOCEl OB the systea amiar
ohsacvat ioa .

AINLTAB

A topic to keep in mind when ama-
iyzing systes activity data is the
cepeatibility of the process. ]
poEt-iap lesentation study may
ceguice a cepetiom of the entire
study to validate the cesulis of a
pacticular addition or change that
was recosmedded by the ocigleal
study- MINITLE cam be of valae in
capeating an analysis of post-im-
pleséatation dats sisee the sane
coamands cam be used to analyze the
sacond set of data. This allovs
the sama apalysis procedure to be
::llﬁ“-l. for masy diffecest set of
Eds

2.0 AINLTLE INTRODOCTION

BINITAR is a statistical amalysis
progeas with wesase of lesarsing,
Elexibility, and moderate capabili-
ties as some of lts feataces. In
the sarly phases of data asalysis,
AINITAR provides plotting and
rejression appmations that cam Fac-
eisk coasidecable insight &o the
naturs of the data under analysis.

HINITAE allows &he

stas EAERAjeL
im a short tecain

sassion omn
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ESTS/E, ldestify and guantify tawe
statistical relationshi ia the
data ander study. Equally, AINITAS
will also idemtify ¢ lack of any

statistical relatiosships.

AINITAE Ls & computsr projcans
desigeed to keep all handled data
in a single storage Area in BEEOLCY,
called & WORLSHEET. This workshewmt
is arramged im COLEANS,; idestified
as €1, €2, €3, etoc., with “rrl-g
length Cows. Bost MHINITAE opeara-
tions wse data stored is & particue-
lLac colusn of colusas; the "AVERAGE
aF COLUAN C1' comsand woueld prist
the awerage of the dJdata values
stored in columm C1. Im addition
to waslly sanipulated colusns of
data, HINITAB also sspports foresat-
ted and unforsatted sethols of data
Leput/onkpat to sieplidy data eatcy
and printed cutput.

HINITAE comsands ace wary sisple
and follow sentence-like formats;
USTANDARD DEVIATION oOF COLUNE C1°
amd ¥PLOT COLUWNE T3 wersas C5' ace
two good examples. Both coamands
mean the same thing to the com-
pater and the perscn issesing thesa.
Sost commands cam ba abbreviated to
the flicst four chicactecas of tae
command werb, swch as *PRINT COLUAN
£2" raducieg to "PRIN C21. How-
evel, the self-docamenting matuce
af tae full command =spallisng is
probably worth the sffort im byp-
ings By addiag the above features
to the fecilities of RSTS/E timsm=
hacimy, HINITAE becomes an attcac—
tive seans of asnalyziag RSTS/E sya-
tes aotivity data.

A Esw wordas on Lthe lisititions aad
accuracy of MAINITAE om a RESTS/7E
aystas are is ocder. MHINITAE, wec-
slom TH.!, requires & 28K swap max
&fd rCiinE snde the ETIY cCum-time
systen. Becanse of the Lislted
amouat of main wesory allocated to
the HINITAD workshest, q.ﬂml.l.-r
mately 3200 walues can be stored.
It should be noted that the worok=-
sheet 15 aAlse osed for HINITABS
iatacrnal workareas S0 this value is
sosevhat less. L oDegression with
two colusas of data coataimimg 1300
cowd @&ch can be pecfocwsd, bak
this is probably im ezcess of mosEt
applicat ioas. Host of NINITAE'am
opecations will cesult ia at least




T decisal digit acceracy so Soas
cace should be exercised in evalu-
ating the oatput of ALNITAB ca=
tions, particelacly wheo the impat
data L= l-I.'I.]’ accucate to 2=3 Jesi-
mal digits.

Descciptive statistics aud cegres=-
gion amalysis are two of the chisf
ssthods of data amalysis smpporcted
by HISITAE, and are especially
potast when combined with AINITAR'wm

aphlcal ouwtput Cacilities. A
ﬁl#llll“ of all thres of these
itess follows i the opext three
sections of this paper.

BOTE: it should be sentiomed Ehat
HINITAE has a4 wealth of comsania
and features mot discussed here.
These cossands allow manipulation
and arithsatic oporcations to be
pecformed oo the valaes in
HINITLE ' workaheot. Far a coa=
plete guide, rsfer to the HLNITAB
EEFERENCE ALAMIAL ghown 4m the Epef-
Bl eacE b

2.1 DESCRIPTIVE JTATISTICS

HINITAE supporis & wariety ok
descriptive statistical asalysis
Eunztlonm. These fumctions ace
very useful im obtalsing & prelisi-
Bary guasitative wndecstandimg of
the Jata uader amalysis, especially
whon the amount of Jdata could ba
difficlet to manipulate sasually.

The descriptive statistical
tious avallabls QIs MINLTAE &re:
REAN, HNEDIAN, STANDARD DEVIATION,
BAXIADA amd HINLAON. ALl Ehiwe oL
these functions operate on a aimgle
groap of daka; ome MINITAB colami.
Because of the geanitative resalis
of these cossands, it is wsasy to
make accurate® cosparisions betwesn
diffarent groups of datas

bepcriptive statistics
tuws whole of a
analysis study ar be

aingle compemest of a wmsach wssce
involved study; elitber way tae
BINITAE progras cam accomodate the

cal consti-
statistical
esployed as a

apeds of the aystes sanager La
erecuting a4 Systes mcfoceince
analysis.

2.2 GEAPHICAL DOTPOT

HINITAE grapaical outpat coaalsta
of two types 3 histograms and
i=-dimensional scatter plots. In
both operations, @AINITAE will uss
nicely crounded scales whes labeliag
plot azia. This scaling nakes
guick intecpretation of a4 given
plot ¥erj sasy.

A histograms is & guisk way te plot
the distcibution of a group of
valaes [one WINITAE colamm). Ouot=
lying points and heavy clustecs of
values can be ldestified grapai-
cally which may w@ot kave bosn
apparent from other desceiptive
guanities auch as MEAN or STANDARD
DEVIAT IOiH. A cosparismiom of the
histograms of two groups of data
can provide a way of locating rela=
tionships between them yulckly.

BINITAE asupporcts Z-dimens lonal
gcattar plote im a basic wmode and
in a variety of esnbanced asodes
including user specliled scalsas amd
pultiple plots. AINITAR also
allows the aize of & plot ta be
varied from 4 CET sdreen size to a
full lise printer page sipe. A
very aseful type of scatter plot is
a multipls ploty &wo _p].ql.- an the
same set of azis. This option cam
allow seasured and predicted dJdata
te be gplotited agaisst Ehe Same
indepandant variable, tbas preseat-
ing & graphical picturs of the
accuracy of a statistical madel.

BINITAE graphical utrﬂ. Lestules
can assist the praliminacy data
analysis process of a statistical
gtudy 4im additiom to providiang a
asans of produciag plots for iaclu-
sion imte a fisal Ceport. a2 of
those features as a compamion to
other AINITAG sStatlstical amalysls
Eunctions will result is more poms-
tration %o any statistical rela-
tionship which may be present.

i:3 BEGRESSION LWALYSIS

Begression analysia is & wethod
ased ko fimd a statistical rcela-
tiomship a5 cospaced to a fonc-
tlosal celationship. in detecain=
img a statistical relatioaship
betwean two grosps of data, the




EINITAD == fom facllities oam
ba verf aselul. HAINITAD uses Cha
isast-squares wathod im caloulating
a4 cegression model based o oas
deapandant wariable and ose iEde-
peadesat waciable. HINITAER also
supports sultiple cCegrescios using
oae depeadest wariable asd saltiple
ladepandent wariables.

i cegression model cam be assd to
desccibe and predict the celatioa-=
::.:[ batwvean groups of data. The

c ontput of & HINITAB cegres-
sion opescatios will be a cegressionm
equation, predicted values, cesl-
doal valess, and the ocoefficisst of
detecainatl on.

One of the oo Leportast cesults
af a regressioa operation L8 Ghe
cegression egeatlion, a derived
functional esquitiosn obtalesd (from
the data umler analysis. This
ejuation can bs assd to cosputa
predicted values of 4 statistical
calationsbkip giwves the origisal
sat of Ladependesat wvaluss. It is
posaible to was HINITAE to create a
sultiple plot of the msasured amd
pred lcted valuesa agalsst the sane
indepandeat valaes oh Ethe Bame et
of azis; this provides a graphical
view of the sccuracy of the rejres-
sion &guation.

oae use of the cegressisn eguatiom
is to sxtcapolate the cange of the
inds psndent variable and them Zal=-
gulate the predicted resulits. For
aranple, using & ceyDREsion sgua-
tion desccibisg the celatioaskip
batwesn the aneabet of jobs on &
I:ﬂifl systan Il-':i-’lﬂl:-lt wvacia-
ble) asd systes lost tise [depead-
ant 'l'l-l.'l.-l-i{d 5 by extrapolating
the nuaber of jobs to a highker
value that was originally wmeasuced,
it is possibls to poedict the loat
time valos at that polmt. It mast
ba wederstood that this prediztion
may be ilsaccarate Lf other Lode-=
pandent variables mot facluded iwm
the oclgisal cegreasion amalyaias
bacoms essential to the predictions
of the dependent vaclable.

ihen HINITAR pecforms a cegression
operation, ALt will ecaleculake the
predicted and residoal wvalwes of
ithe depesndest varlable usisg tae
cegression eguation &md the inpat

L]

L deat varlable wvalwes. The
predicted wvaluess are Etha oatput
valea of the rcegression @ tion
ualng the hIlE- & vack data
valuss at wsach obssrvation. The

cesidual valuss ars the diffecence
between the sctaal sesasaced depead-
ant values apd the amsociated pre-
dictad values. A aqua-
tiom would szactly satch the actual
celationskip betvwess the Lndspasd-
wnt and depaadeat wvaclables if all
tha residusl waluss wars Lero.
Hormally, this Ls wsot Lhe cCase.
HINITAE ocan ba used ko plot the
ceslduals agalnst the at lade=
peadant ble to jdentify & pos—
sibles rcelationship between Gthen.
It is possible that a tcansforma=
tiom of the impet data cam lesad to
& cegressiosn ejquatlion whick pred-
sces esaller rcesidoal valess. i
sabjective analynls of szcsasive
cestinals can also ldestify moa—im-
dspsndence of dats (tiss related)
or bon-copstast varlasce of data.

ia lmportanmt valus retucoed Cconm
the AINITLE regression opacation i
the Cosfficiest of Detscmisation
] nared). This value indicatas
the degrea of association batwean
the Isdependest varlable asd the
dapeadant wvariable. Thiz walaaw
rur- Eeas & sacisos of 1.0 &6 &
sinimum of 0.0; the lacger the
Falie the gieater the sssocistios;
valees of 0.8 can isdicate & good
Eejtassion ajuition has been foumd,

There afe manf =Statistical tests
that cam be perfocesd om Lhe
cesalts of 4 Degression opetation.
It is bayond the scops of this
zl": to imclede thes bek they ace
b oaly wAT ta datecaiaw
statistical celevance and accuCacy.

2.8 BLNITAB AMALYSIS HETHODOLOGY

L method of applyi AINITAS im am
apalysis is mow briefly described.

There is no one way to pro 1y use
this "eoal®, I.'li:. it i lllmﬂiiﬂtl
it's

apd femctiomality of MINITAS;
usags is dictated by the neads of
the E3TS5/8 asysten sanagec aad the
systes pecformance study belog coa=
ducted.

Lfter all the systes ackivity data




has besn collected froa the sfstaa
oader study, this data needa to be
entered iloto tha ALNITAS wsorkshest.
It may be ispossible to eitec all
data walwes at once fntd the work-
sheat dee to it's size Lisitation,
s kthe analysis will Bawve to be
divided inte phases, worklin on
diffecent sets of the data individ-

sally. Once data has been eatsced
m tha BEHLTAR worksaeat ,
descciptive staristical  asalysia
aperations can be paccocsed is
asddition to histogrcams., if any
potential rcelatiomskips |letwesn
groups of data age to be ezamimed,

analysis asd

Il:l’-ﬂ“l"
d-dimmnsional ssatter plots oia be
psed for fucther amalymis.

This brief asvervies om RINLTAE
ssage cam epable the RSIS/E systea
aanayger to begim processing systews
activity data amd jais wseaningfal
ineight into RSTSFE opocatiag sye-
ten pacforsance.

1.0 THE BETSFE SYSTEA

The H'H..n':.:rluulg systan Ls a
vary successial Janaral pucpose
timeshariny systea capable of sup=
pecting smal and lacge usecs
alikn. & jomsral discussiom of the
data avallable for analysis aasd
possible perforsanca problems aceas
is made asd hopsfully this infocwms-
tion will provide & bazsis for
awlection of objectives anl warcia-
bles in & performance study.

There are two types of data awalla-
ble for amalysis on a BSTS/E eya-
[ TTH aser jeascated and aSystes
geasrated. User gemscated dJdata
celatad Lo & process of pEocesdel
CuaAing on the aystes while systes
gaaecated data celates to the user
of tee systes Ltself. [t would be
difficult to precent a discession
of uaser genecated Jdata dee their
thelc potentbially uslisited nDos-
becs. Howewee, & lacge naaber of
afstes genefated Jdata Ltess AEe
arailable for study and thase ace
discdssed Lo the BeXt ssctioa.

3o 1 SYSTES GEMEEATED DATA AVALLA-
BLE FOR ANALESIS

A Lacge pmumber of data ALtems from
the sSystes's istecrnal tables are
available for study. Soas of the
pore informative Ltems aca:

1) Humber of Jobks o the System --
This valee is the musbec of Jjebs
carceatly being suppocted by the

opacating systom. Thase jobs
laclude systes  Suppoit programs
#uch ag Lline printer mpooling amd

ercor cecording (nocmally a fized

anunber of jobs) and & vacible aua-
ber of jobs corcesponding to tae
wsets of the RSTS/E system.

2) Lost Tims =- This walee ceflezts
the time spest svappisg is & job
when no job in memory was cannable.
Lost time i3 time that could bave
bean ]rﬂ peoductivaly gives the
optimal acranyememt of the serles
o tasks. This wvalwe is rcopre-
seated a8 a percent of the Etime
pariod Eor which this statiskic wvas
sonitored.

3 Wsec Tiss == This walwe [amothec
percentage) iandicates the asount of

CPU time spent cunbing ‘Yusec' pro-

cass. The Lers "user' projrass
ncledes system amd non-aysten
{obs.

4) FIP Desired -- Tais valua imdi-
cates the peccentaje of tise FLP
Was in uee by one Or BODE projCamE.
FIP is the "Flle Procossor' Ltor the
BESTS/E systes. Simce FIP im
dasigoed to be gsed by omly oms job
At a tise, a bottleneck cam easily
davalop at this point.

5) User Data Block Count pec secomnd
== This valua ia & coaat of Lhe
mumnber of disk blecks cead or writ-=
tea containing user data. Omer
data imcleades programs that ace
loaded into semorcy to be Cun.

& Deer Data Trassfer Count par
secoad == This valw counts Lthe
nunber of [/0 operatioons isitiated
by progcams which traspfer q-.].r
data imrfomation. A& polpt walch
Should be clarified is that one
10 apecation maj cause the mowve=
sent of more tham ame disk block
for & given I/0 oparatiom.

7) Directory Dlock Count per sscomd
== This walue is a count of disk




blocks transfecced a8 a mesalt of
fila dicectory actiwiky, apd does
not Aimclude AInfocrsatlom rcelating
to any sctual data traosfecred, but
aaly asy disk acoess caused by a
directory oparation.

8) Swap Block Count per secoad --
Thin is a coant of the asabar of
disk blocks rcead or wrlittes avery
secoad im proviliasg msessory swappiag
for jobs oa the MRSTS/E ayates.
Thiz asmber depends om Lthe EemOCY
caguirensnts of & particular jJab:
the more memocy & job reguires, the
mote disk blocks it kakes to Bwap
to of fron §BENOL§. SWap block
transfers afe alwvays much higher
Ehap other forms of data tcamsfet
since a4 job's core LQsage egulva-
lently comsists of a lacge aoumbec
of disk blocks. |

9) Swap Transfer Coust psx secoad
== This numbec is a count of trams-
fer opesrations that occuced per
second lan perfocming job swappimy -
Unlike swap block couwnt, thiz valuw
is isdepapdent of job  semoC§
caquirenents; it imdicates oaly
the susber of swappiag opecatiocas
initiated per sscomd omn the ESTSAE
systeEm.

18) Directoxry Cache Hite == This
naaber imdicates the perceatage of
times the BTS5/E systes foand a
desiced directocy data block im

senory allocated to XBOF when a
directory data block was ceguiced
for am I/0 opecatiom. If the Block
vas ot found in wemocy, them thae

sSystes would be r©egoired to rpead
the block from the sSystes disk, a
auch more comsuming method. Theca-=
fore, & Jlow valwe of dicectory
cache hits cam inform the systam
manager Gthe systes @say mesd more
samocy allocated to UEOF to alimi=-
pate excessive disk directocy 150
opacations,

BOTE: The valus BIRECTORY THANSFER
COONT par secondl was not esed sisce
this is egoal to the value of the
dirsctory block coust per selomd
for 4 glves ohsscvation. In other
words, the sove of Jdisk blocks com-
““hi files dicectory inforsation
iz dmitiated for ome block at a
tima for eack dicectory transfer.

7y

It should also ba noted that the
block cowmt values relate ko the
transfer cate of the Jdisk baisg
asod. klego, the tramsfer coumt is
related to the sSesk tiess of Lhe
disk baisg ussd. Bsing these two
values, it cas be detecmined if the
disk has reached the limit imposed
by its hardvace desiga.

The cholce of thess data itess is
straight farvard. The noabser of
jobs om the RSTS/E system is impor-
taat aince an apper limit of joba
Supportaple by the RBRITSFE sSpstes
aay be detersiamed. As uppet limit
of this etype say isdicate the
impossibility of a parcticular
coafijuration ta smppoct BOCE®
LT

Tha values of aser tise
time acre important indicators of
what the systes is asd is ot
accoaplisaing,; respectively.

The disk related ltess of block
count amd traasfer count ace impoc-
tant iodicatocrs of systesm coa-
gestion in that arcea.

and lost

Fimally, the PIP Jdesiced walue
indicates the ability to support
any file processing activity. i
possible softwvace bottlensck at
this polat can be Jdetecsioed by
cospacing this value to other pac-
amdtecs sentioned above.

3.2 BSTS/E COMPONENTS OF SATURA-
Tion

The following is a4 discession of a
few of the areas where saturationm
probless cas occur in a BSTS/E sys-
tos and their possibla solutioas.

1) Tersisnal Responss Tiss - Tecei-
mal response bime will alsays
cesain the orclusive indicator of
timesharing systes sstoefation. of
4ll elesants of cospoter adaje,
tacminal rcesponse time 8 sast
tightly coapled to bhe cssr. It Qs
also tee most difficult problea ko
dmal sith  beos use eEcHasl ve
cesponse tise resulta Ecom the ase
of the cospater aystes as 4 whole
ard U= mot ezplicitly celated ko
any spacific componest of the com=-
puHtar Systen.




Componsnts of the cos
which create exce
cespoise time AT&:

) Insufficient CPU capacity
Insufficient CPO capacit identi=
fles the Lnabllity of e CPD to
arecats enougk instructions in &

ven period of time, rCesulting Llm
opgac termimal rcesponse tiee.
This problss may oot be an issus ias
many cuccent sSystess salnly dus ko
the fact that 8o @many other ale=
ments of the computer sSysiess i
bave feoached & Saterated lave
preventing use of the CFO in a sak-
arated cond ltion. WNorsally the CRU
is idls 15258 of the time st peak
lavels of use. The best salutlion
ta the problea of issufficiemt CPU
capacity 48 to mse & CPD with a4
sigher capacity thas cuctently
anployed ..

3} Slow sesory cycle times == ALl
ceferences to semocy by the CPU ace
2 functiom of memory Sycle tias.
By decceasing semory cycle time,
the CPU can process iastructions at
a guolcker rats, thus giving the
appearance of aldditiosal CPU capac-
ikys Two solutions are available
to reduce semdcy cycle tleed, ofa)
by replacieg all of =cae of exist-
ing memory with msesccy providiag
the secessary memary cycle tises ;
or kws) by wsing a hi-speed memacy
stocage Jdevice called a “CACHE".
The cache acts as & wesory buffer
for the CPU giviang the appearance
of kaviamg decreased wesory zyzle
tises while esciatisg wmessry is
still ukilized and umchanyed.

tar syates
ve tecaliaal

L Imefficient CPD aqtiligzatiom =-=-
is reaslts wvhen the CPO is im am
ildis state becssse of hardware tis=-
ing delays or too few taske belag
presented ta  the cPa for
processing. Ao exasple of bacdwacwe
delay is the CPP waitimg for the
completion of a impuk-outpat [I/3)
opecation oo a disk drive. The
sslatisn to ezcessive hardwace
delays is to r©eplace the slow
devices with faster versions of Lhe
sams desige of use 4 faster device
of an altersative desige.

An agamples of the CP0 not beisg
able ta #88 4 task is whem the
niéxt task to be procossed is sot in

Al

“Hq at that wosant and masds to
be seapped® into sessry Lok
processing to contisue. Swappimg
is pecformed by the cperatisg sys-
tes to @move a4 task betveen Seadrcy
where it ezecetes and a tesporacy
stacaye device, nocmally the aystes
disk drive. [t is alse wecy likaly
ia thils situatios that & task sust
ke "swapped' out of meROCY to Rake

coon for the asext task to bae
‘seap * in, adding to the delay.
This is kmown ag "lost tise® and

can fange Lrom 0 (all tasks to be
fl’ﬂl’.‘llﬂl are always in ssmory) to
ighs ot @0=-90% (racely is the task
to be processed mext Lin sEmOEf). A
*lost time" value of 108 is acowpt-
able ducing peak load systes wsaye.

The best wvariable to alter to
ceduoce "lost time' 18 to change the
assunt of meadcy tné  systes ati-

Llizes. The moCe BEBOLCF A SYSLea
has available fof a tagk to sxecute

im, the less "lost tise' i ayates
Will Gxjpatience.

It is jossible to Eceduce Yiast
Time' by wsiny & ai-speed disk
deive [or teaporary Stafajs of &
task. This doas not redice tow

systes ovechsad of coastantly seap-
ping tasks to asd from mesory and
this optien places heaviet ase o6
the CPI's UL/0 data paths. T o
rasalt is the appearance of &
decrease of lost tlse due to the
faster trassier rate betvesn mamary
afd the bl-apowd disk drive but at
tha expense ot weakly acceptable
tradeofls.

5) I/0 data path sataration == A
systes whick experiences sxcassive
swappiny (swapping being by far tow
most prevalest I/0 opecation) cun
alsc gufter with satucation of the
CPO LI/0 (fopwi/0abgut) data paths,
Resoval ot this poobles cam
achieved by ceducing swapping
theowgh the addiction of pesory to
the systes's confijuration.

6) Disk brive Saturatiom ==
Prive sataration cccurs whea
CPU regoests the disk drive to
process @more work than its rated
desiqn can deliver. A disk dciwe
iz cegeired to wmove its ceadsvrite
aleaants to a4 sSpecified itiom
ovor the sagnetic Jdisk murciace amd

bisk
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transfer the requested data; GLhls
idencifies the perforsance factors
kpown as "smek Ekise' asd ‘lata
transfer cake'. IFf a coaputer ays-
tem usea its disk deive at & oo~
tiswoasly saturated level, boaik=-
down will occar no matter how well
the disk deive is deaigoed or sale-
tained.

The odaly sE=ans to ceduce disk driwve
saturation is t» redeace the amount
of work requested by the CHM o Lo
add additional disk drives to sharce
the worklioad. fignificant redac=
tion of disk drive workload is not
feasibla of the west sSystass
because no ome user i3 responsible

far digk drive usage, all asears
collectively are cesponsible for
disk drive dsage. Therafore,

cadecing the nuaber of weecs is mot

a valid mesams of rceduciang dJdisk
drive wsage. This leawes the sola-=-
tion of addiag additional disk
drives to the .ﬂj‘ﬂtll a8 the bast

ssans of solwisg diak drive sakura-
tion.

T) Saturation im Flle Processimg =--
File processing om the ESTS/E sys-
teas [kaowR a3 FIF] L3 doas oo a
"gas At 4 tim' basis. This desiya
cagults in a wery stable and sasily
samaged file sSiructufe faE Ehe
timesharing system with the gross
disadvantage of 4 built-in Bottle-
neck vben FIPF reaches &wigh lzvals
of wee. Ops sethod weed by the
operating systam to oeduce this
bott lenack is to stoe cectdin alée=
seats of the disk file structuce Lo
panory so delay tise in FIP can be
kept to 4 smimimas. The dcavback Lo
solving the problem of FIP sateca-
tionm im this approach is that the
asgant of memaCy available Ear
exscuting tamks iz ceduced and
"Lost Tise' |is ipcreased (this
assames 4 fized asount of wmamocy
sxists). The best solutiom im to
add semocy to the sSystea =o ade=
gquatea Ycacking® of disk file strac=-
tuce Infocmation cam be perfofmed.

4} ©blsk Space Satwcatios == Disk
space satutation of the sisjle
spindle disk deive resslts vhoems the
opecating systes casnot fled apy
fres units to allocakte to the aya-
LER' S QSECS. Lack of [ree sSpace
cteates eicessive rCesponss time

becauswe the systes spends a great
deal af time mn:h!q for fcew
disk space uaits ([if amy).

It Ehould ba doteéd that tecaiaal
PIE‘I Satucation is mot coasidered
A5 an alasent of lrltl-l SALEEALEL o8
but a3 saturatios ia a distioct
ares of its owe. This I-IH ta
confice the fact that the sSystess
can be saturated as & fesalt of use
Ecom their cated port ocapacities
bak Satacatioa of those Hﬂl is
nok related Lo the saturation of
the @Systes itself. This wacy
strongly identiflies the [act that a
eystas sust be configuced with
aaaugh hardware to Ilml‘l a
reguired sambar of ports; ie the
amount of ports om a systea is the
llﬂlﬂﬂélt Faflable Lia Systes cCoa-<
Eigutation desige.

§.00 COBCLOSION

Systes performance asalysis Ls com-
pELsed of many steps, owe of walch
ig data amalysis. It i im this
area that AINITAG plays a ey cole.
HINITAG ia a povertul statistical
apalysias tool which cam keElp the
BESTS/E systes manayer erasine sys-
tea activity data and sItract
statistical celatiomships. It sust
be esphasized that AINITAS is an
ald amd tool, and that husan intui=-
tiveness, wnderstanding and obsec=—
vation sust play a large cole im a
Systes pecfocmance study. Hok
evatvthing can or should be done by
compater.

5.0 EIABPLES

Two sxamples ace preseated o& how
BINITAS wvas wsed to analyze RITS/E
systes activity Jdata asd what
resalts were obtaised. Hoth ezam=
ple stwiles wece pecforsed om the
California Polytechknic State Oai-
vergity Local Tisssbarimg Systes,

usi R315/E Versiomn &8 on a PDP
11585, The results of these stud-
les were wsed Ln a Peasibilicy

Study Beport for obtaining hacdware
asd ssftware spycades.

5.1 TEBAINAL RESPONSE TIME 3TUDY

4w




The first ezasples stedy to be
discessed deals with the question
Ty is tersioal responEe ELiER BO
hight'. To answer this guestloa,
two systes sctivity wariables wera
sesasured over & I%bhour period.
The first waclable was the sumbar
of jobs om the systes, obtained by
using the FEEK 518 CALL. The sec—
oad wariable used wvas tecmimal
cesponse time, obtaloed by a user
written program forcimg a pEuedo=

kayboard to rpun & soript of com-
sands while seasaring the tise for
coapletion.

The results of the data assalysis

step of this study were mised. It
was ispossible to fisd a relation-
ship betwesn the susnber of jobs oo
the sfstes and tarsioal rcespoase
time. The conclusion was dcawva
that terminal responss Eime did sot
relate to the sumber of jobs om kthe
systes, bat to the workload pres-
ented by the jobs ob tha &fFetas.

The use of HBINITIE's descriptive
statlstical ssalysis operatioons am
the terminal rcesponse time data
halped presest am accurate pictuce
of excessive response tlwes. WUsing
a predetecained smzinom of 7.5 sec-
onds for the terminal respounse time
t0 4 EysEtes command, it was found
that 608 of the wseasured Cespoase
tine= sxceaded this saximum. Also;
it was foumd that the avecage
cesponse time wis J times the magi-
mum allowed. These results clearcly
dencnstrated the mead foar as
apgrade to the systew.

5.2 GEMERAL SYSTEM STUDY

The second ezanple stedy Lavesti-
gites the cause(s] of three probles
areas: high systen lost timas,
apcessive swapping, aed high FIP
desiced levels. It vas declided to
ssasere 7 variables whichk could be
abtabined with the *STATUS' programs
These 9 variables are data tERE
1=% discussed is section 3.1, Sys-

tem Geoetated Data Avallable for
knalysim.

Descriptive statistical asalysis of
the % [Individeal vacliables helpwd
to masetically portray +tha data,
but cegressiom amalysis was used to
fisd relatiouships betwesn the

various wvariables.
coccealatioa betwesn the ausber
jobs on the aystes and the obther

aciabless bel t when the
:Fhl vas & -H.mr“

Plots of the Jdiffereat varlables
agaisst sach other showead & tasd-
ency for levelisg off wheén Sataca~-
tiosn was Ceached. It was concluded
that the lavals of svappiag
ware responsible for the szcesEiwe
lost tine sad partia casponsible
for the high FIF desiced lawvels.
The analysis of the data showed the
sazisas susber of jobs whichk could
ba feamibly rus on the systes.

Skrom
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