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AESTFACT

1te =scoje of this thesis 1s tworfoldgd. The first is to
Erovicde a gethodolocy =IZor the [ferformdnce measurezernt oif
datakase systenms. The second is the aprplicaticn of tlhis
methcdclcgy to a srecific database systen in an attengt to
veriiy the applicalility o2 tnlis methodology and tre
pericrrance and capacity claims oi tne Jatakase systen.

As a 1nethodclogy, the thesis describes the strategjies
and lccatiocrs for the placement of check oints, the kirds of
rericrmarce data to te collected, +tne ernvironment icr the
conduct cf the pericraance measurement and the intergreta-
tion c¢i the results. >ne of the w@wost important ccentritu-
tions of this methodclogy is its capability to osztair actual
measurement overhead pmaxing tne fpresentation of truly accu-
rate results possible. As an application of this methcd-
clioyy, we attem;zt tc validate the performance and cagacity
claims <¢f an experimental =npulti-kbackend database systen
known as MD3S. Surprisingly, these <c¢laizms hnave Leen
valicdated.
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(] I. INIECDUCTION ol

A. A TEESIS OVERVIES

¥

L The scope of tais thesis is twofold. The first is to ;J
F frovide a methodclogy tc use 1in the perrormance measuyreéacnt g
[ ¢i a cdatatase «computer. The second 1s the apylicaticn cf

[ tais pethcdology te a specific gdatabase system asnd the

:_ attexpt tc verify the performance and ca;acity claims cf the g
“ target systepn. 1
} Tte cdatabase sSystem bteing evaluated is an exjperimerntail
rulti-rackerd database system known as MDBS. The asic
desigr gjocal of MDBS 1s to develiop an arcaivecture which .a
spreacds the work of the dataltase manajement among rultigple 1
tackerds. MDBS makes two lasic cilaims in its design. The

first is that by increasing the number cf backends used as a

part cf the datalrase computer and by keeping the size cf the
datarase ccrstant, tkte response tiae or the same trars-
acticns 1s propcrticrally decreased. Tae second <clainm is

that Lty increasing the number o ©Lackends ard aliso

. Do

increasirg the size oI the database, the respcnse tine

renairns relatively ccrstant.

Tc ccnduct the performance measureaent of MDBS, various
checkpcirnts and data collections are incorporated intc the
Systersn. Although all checkpcints and data collecticns are

selected tc provide the greatest amournt of useiul irnfcroa-

. "L.LAAAAA .AA!

tion arnd to incur the least amouLt of overnead, scre cver-

. ,-r.—ﬂ' W ————

head 1is ubavoidarle. A guartitative method for measuring
tie cvertead incurred is therefore provided. The perforn-

ance results of {UDBS are then accurately adjusted using the

i@

cverkead calculation. Iin this way, a truly accurate ueas-

urenent ci thne systenm may be cktained.
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As a rpethodciogy, the thesls desSCrice€s the stlfatejied

)

r
i

and lccaticrs of the checxpolnt piacera=nt, tae Xinds S ca
¢n perfcrmarce ccllected, the ways in waich the perfcocriiaice
Teasurecent were corncucted and tne 1interpretaticr cr the
resialts. vaybe of ,reatest igportance is the ability to
caiculiate actual reasurenent overhead allowingy Zor tne [res-
erctaticn of truly accurate results.

In tnis thesis, we will focus our attention c¢cn the
resccnse tige of the work being doae by tahe Jdatabase systenm.
»e will nct focus on the throughput. Wherzeas the thrcugijut
is detined as the average rumker of user reguests executel
ky the system in a second, the respouase time of a reguest 1s

the time Letween the initial issuance oI the rejuest <ty a

th

user and tie fipal 1receipt of the entire response set o
this request by the user [ BRef. 1]. Sirce the majcrity ci
the reguests processed by a database system are reguests rcr
the retrieval of infcrmation, another limitatior is made to
the sccpge oi this thesis. We will focus on the performarce
Zeasuresent of the response time of retrieval requests in
MDBS. Fopefully, tonese evaluvations will verify the claias
cf MLB3 and also [frovide a general amethodology £fcr the

pFertorrarce measurement of any datakase systen.

E. TEE CEG2NIZAIION CF THE THESIS

This thesis 1s crganized 1into six additional clkarters
teycnd this overview. Chapter II describes our perfcrrarnce
cteasurepent methcdolcgy for database systeans. It initially
discusses the need fcr such a metnodology and continues with
a separate discussicn of toth the interpnal and exterrnal
perfcrmance measuremerts. The chapter then culminates with
a discussicn of tne ccmbinatiocn of the two performarnce zeas-
urements, thus providing tne methodology to calculate anli

adjust fcr interral [eriormance measurement overhead.

-
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Chagter III fresents an cverview ot the targyet =jstea,
MD33, used to apgly tle erforzance ae<asurement acthcdcio,y.
A gereral Jiscussiorn is giver on the attriltute-based data
molel, the Jdirectory tables, tae proce.s structure, the
ressagy€ types, ard tte exs2cution 0oL a retrieve CejleESt.

The application <¢£ tue Eperformaace Deasurem=at mz<ticd-

€103y tc the target systen, 4DBS, 15 presented in Chapter
Iv. The reyuired mcdirications to tne MD3S software reeceld
to pericrm the measureadents is Jiscussed, along witn a

discussicn of the mcdifications to the test envircraent
regquired to control the measuremernt results. A descrifption
¢t tlre additional software used ror both inter-coaputer arni
inter-fIccess Mmessage processing [Leasurements is also
frovided.

Chapter V presents the ccnstruction of the test database

and tlre selection of the reguests used in the perfcrrarce

measurenents. In thkis chapter, the design of the desireil
test datatase 1s first discussed. Due tg¢ systen
constraints, only a subset of this desiygn 1is usel Ior

testirg purposes. Tle chapter concludes wita an analysis of
the regquests used in the gerrformance neasurement.

All the thesis wcrk is ‘rrougyht together in Chapter VI
with ttke presentaticn of the performance 2easure€rent
resualts. Since the goals cf this thesis are to verify the
perfcrrance and capacity claims of MDBS and to rovide a
methcdclcgy for the periformzance measureaent of a Jatabase
system, c¢nly the tests needed to obtain these gcals are
rerfeormed. In the <chapter, resuits are provided for the
external arnd internal rferforazance measureaents, and tae
results c¢f the messace frocessing Qeasurements.

Tte thesis ends with conclusions in Chapter VII wnichk
can Le made from the results. It provides a sunmmaticr for
the entire thesis ard offers suggestions in future Wwcrk

whicn needs to be dcne both with the methodolo3gy and with

14
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the Teasvremzent cr MIES. It is coped that tnis thesis will
[rovide a scund methcdocloyy rLor the perforsance LcasULeZents
cr Jataltase systems ard alsc¢ yprovide a definitive verifica-

tion cf the ;erfcrmarce and cafpacity claias or “DBS.
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11. EZEEORMANCE MIASUR

In tris <Chagfter, we present a el fofZanCe NeasSULE€meEnt
petnodCicyy Ior datatase systeds. Tae methodology reguiies
tuie cclilection cf kcth internal and external gerfcrmance
Dedasurexentcs. The 1rternal ferformanCe dcasurement zethod-
Civjy 1s the «collection of wmetnods and tooLls whico will
€fdacle a tetter understandiny ¢ the targyet system kv nmeas-
uring certain capabilities oif that systea. In measurirn;
Certain capaebilities cf tue system, we IZocus on the measuare-
@dent cf  tige sgent in individual processes or  tue tarjet
systen. The exterral periormance 1easuekent Tetncdclcgy is
ti.e ccilection cf methods and tools whnicn will enakle the
tetter urderstanding ¢ the tarjet system by Deasuring the
System as a W#hoie. In measuring the system 4s a wWucle, we
focus cr the measurenent of tie respoise time o0 the targyet
Syster. T.e response time 1in a Jatapase systen 1s defired
in [Ref. 1] as the time tetween tae initial issuance ol trne
reguest Lty a wuser and the final receipt of the entire
resgcrnse set of this request bty the user.

In the rest cf tinis caajpter, we begin by examining the
reed for a database systea and the subsejuent reed to
Deasure the gerfcrmarce of the systea. e then Jiscuss a
yeheral pertormance geasuresent methodologyy, addressin; ccth
interral and external perfcrmance measurement as segarate
issues. Finally, we conclude the chapter with a Jdiscussion
ci the ccamtination «<¢f 1nterpal and externai jperiorgance

Teasurerent results tc prrovide a coamplete rzethodolcyy.
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A. TEF NEELC

The reed for a d<ataitase car Lest Le shown as ccerie-

sponding tc the need for 1irnfcrzation. A datalase is a
repository for the stcraje of irnformation on a computer, a&aay
itea c¢r ccarination cf items of which can re e€asily accessed
in a relatively short timeframe. A businessman pay Jc¢
ail tke

decisicrh. The combat field

Ui
'
]
T

latest fpleces of 1nformation to make a Darajewent

cconmander may desire conmplete,
up-tc-the-minute repcrts to arrive at a tactical Jecisicr.
Eut there are that

rerrormance and cagacity protlems

gust te cvercome in ;roviding thnis informatiox. As an ever

increasing amount of information is stored in a datatltase,

the respcnse tinme increases notice-
avly.

kase,

cf the datatase systen
In addition tc the increase in the size of the data-

ttere is the effect cf increasing the numkber ci users

accessing the system and the numier of rejuests tc te

frocessed ty the systern. Thus thLe user must select retweer

the resgcnse time desired and tne informaticn desired, a

choice tte user does not want to and should not hnave to

cake. The dataktase system needs to be e€easily upgjraded to

accomgocate new users and to increase. the datarase size

without roticeakle <ctangje in response tine. This 1s tiae

necel for the resyomse-time invariance in a datanase systea.

Anctler prollem is in the timeliness of a response. 1he

datalrase system should offer a dependacle, constant return

rate fcr the response to a regquest. Aihen resgcrse time

fecomes unreasonably long due to the coamputer workloaé, ‘the
will ke frustrated. A

request returned in a timely manner.

user user desires to have every

This 13 the reed zor
A firal problem is to insure taat all necessary infcrra-
tion 1is available to the user. Incomplete inforaaticr is of

little use. For exalfple, a user may regulre all reguests to
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have a respcnse withir a specified tineframe. 7IThis reguire-
gent citeh dictates thke maxigua size oL tae latacase anc tae
Caxigulr ruolter cI regquests. Thereiore, arL unRdesirearci=
liaitaticn 1s placed cr tune arcurLt of irrformation availatle
due tc tre limitaticr cn Jatakase si:ce. Agaln, the user 13
forced icto making a tradeofr Letweel the resgonse tirTe anl
tre availakle inforpation. Nevertaeless, Jdespite the
respcnse tire, such informaticn siould be made available to

the user on demand. This is the need Ifor availatkilit

v
—— e o

ot
informaticn in the datalkase systen.

Ikerefcre, not cnly 1is there a need for a database
system, there is alsc a need for a database system with the
guaiities «¢i 1Invariance, Consistency, ard Availarility
(ICA). Fut ICA can e present 1in varyiag degiees 1n a data-
fase systen. The degree of 1CA can pest ke demonstratea ty
the perfcrmance measurement of the database syster.

There are two basic types of Jdatabase systems. The
first is an online scftware Jdatakase management systex tkhat
runs c¢cn the nost computer systerz. The second is a datanase
rachine, whicnh offlcads the database functicns tc a Jdedi-~
cated fLackend ccaputer. The current trenas in datarase
systens invclve the desijn, impléementation, and use cf data-
ctase machines [Ref. 1 tarough 8]. dct only is there an
apparent impprovement in ICA with a corresgonding r[price ger
rerfcrrance advantage, but a datacase wachine can [Le€2 up
IesouIces at tae host, provide suppgort for multipie, dissinm-
ilar hosts, and increase the security on the database Ety tnae
physical sepgaration cf the datatase and the host. LCue
grimarily tc the trerd toward increasiny ruture use ¢t data-
tase machires, this tnesis will concentrate on tne Jdiscus-
sion and arpplication of the wmethodologyy for measuring the
datakase machines.

A dataktase wmachine is a Jdatalkase system composed cf cne

Cr more prccesscrs, dedicated to perforaming the Jataoase

18




TZalagyerernt functions. Tt 13 1irdasputalle tihat a Jatarase
LaCnLlile 1S the ©Cetter oL the two types 01 Jita.ase s
wita regards to pfreviding an increasSe 1L SeCuiity;, diicwWwi
for guitijyle Aacst support, and ireelny 1; tre gncst
LeSOUICes. S5ut there still exists tne Leed to demcrstrate
an loprovexent in tae ICA on a Jatarase machine cver *the ICA

frovided Lty a hcst-resident datatase systen. At the sanme

time, there exists a reed to ccapare the invariaLce, Ccorsis-

tency and availapility «c¢f severadl difrerernt datatbase

rachines and software systems. Again, this can tLest e

demonstrated by measureing these systeas. i
hesfcnse-time consistency 1s morCe easily acanieved ir a

datalase nachine thar in a datavase system runniny c¢n the

host. Whereas the host nmust share 1its resources Witk a ]

. : . . ] J
varyircg wcrkload, the tackend can dedicate its resources for i
cdatakase &rcanagerxent, Availability frees the [Catauase 1

Administratcr from the necessity to asake tradeoffs Lketweern

the size of the Jatatase and the response time. The acdminis-

tratcr can then lbdad the database with all the necessar;
inforgatior regardless of the cdatabase size. To achieve ani
verify thte resporse time invariance of a database aachine,
a methcdclogy tc rmeasure its effectiveness nust te
develcred.

Thus, the scope c¢f tois thesis is5 to provide a ferfoim-
ance measurcment ametkcdology fcr datakase machines arnd to
verify this methcdolcgy by verifying the design clailms of a
specific database rtachine, krnown as MDBS. Agaln, these

claims are related tc the guality of resronse time invari-
ance; thkat is, tc be aktle tc change tae size of the datarase
and at tte same time maintain constant response tize <r to

hold constant the size of the Jdatabase with the akility to

]

: reduce tre response time. Consegjuertly, the measurezert of
4
{ tue res;zcnse time of a dataktase system beccmes the focal
; point c¢f cur stulies. 1IL the response time carn be frcgerly
p

e
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and accuratel; Deasdred, the Claias of tue tarjet sySterm carn

Le verified. Turtherscrle, the SIiLfeCtlVeness Or the Teticli-
CLOoyy car  also re verilZied. A ;Lo el iLe€astrLeleit <Cf the
LesSpCrse tine <¢an frcvide @8 raseline aeasur-=aent t2 wiich
cther Jatarase systels can e ccmpared arnd thus prceviie u
frice-gerfcimance ccofariscn c¢f wvarious sSystems. TLls
thesis [frcviles an overnead-iree perforpance-measureanent

cethcdclcgy and applies this methodoloyy to verify the

clains of arn experimertal datarase machine.

E. TFEE AFPFOACH

Ir this section, we ilscuss a jeneral methodology to ce

used in the performance measurement 0of a dqatabase sys

ct

€T.
Tnls rmetbciclogy is ceneral and can be appliel to any ctter
datatase systen. de first discuss the internal pericrrarce
zeasurelzent. This ircludes the Jdesign consilderations, the
softwar< enjyineering criteria and the applicaticrn c¢f the
tetncdclcgy to a fparticular systea. Tken we [rresent a
discussicn of the externai perforamancs measurement, agair
discussiny the Jdesicn consideratioans, the software engi-
reering criteria, ard the application o0f the methcdclogy to

a8 particular systen.

1. A M¥ethodology for Interna: PeCioLDAance Measurement

The Joal of the internal performance measureaent
methcdolcyy 1s to frovide wmethods arnd tools which will
€nacle us to better understand the target system Ly zeas-
uring certain aspects c¢f that sjystea. A complete under-
stacdin; cf how the system performs internally may lead to
design acdirications «c¢r to fine-tuniny of the system Ior
tetter geriormance. The internal jperformance LeasSUre€ment
tools shculd he unolktrusive to the usger, availacle wWwte

Necessary, yet out of the way when not requireld. They sthculd
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e 1rte;rated with tke tarjet s;stea td produce a t
transiticL rLetween tarjet s;j;stes operdtioL ani tihe Operavior
cr the tccl. In the ILlrst part of tals sectiorn, we aidres
the desigr cousideraticns cf irnternai pelIOCD4AnCe OfedsSife-
Eent gethocds. Next, we diScilss certaln SOLtwale el jinc€rlng
criteria whicu are ajpglicanle to tihe design of OOl Leasure-
Tent tccls. Finally, we explore tae applicaticr cIr the

irnterral performance measurement Getaoduidogy to a particdaiar

SYSterm.
a. DLesign Ccrsideraticns
Internal jperiormcance measurement relies or
checkpcirts internal toc the database system software. a

checkpcint is defined as a yrocedural invocation inserted
into tne system's flcw cf controi to call the perfcorzarnce
Ieasurement routines which are used for the data cecllecticr.
Syster overread is irtroiuced as each checkpoint is added to
tne tar, et systea, Additicrnally, acasuresent sorftware is
wyudlrel tc process tre checkpcint lata 1n a ananner cozpat-
lile with the existin, tarjet systen sorcware. That 1s, a
Celtaln fCrtloL oL the Dedsurepent SOLtware aust te inte-
grated with the target systen sorftware to nanile evernts sich
as cata stcraje, message ;assidj, and information FILCCESSAL
that reiate to tre clteck,oint data. Tinally, toe existing
tarjet system software zay rejguire additicnal lines ¢f ccde
to nandle peéw Cdases 1rtroduced by the 2€asuleient Systeld.

In mcst e€xternal perforzaLce ne€asurelment, Cverl-
heal is negligilble. FEowever, irternal aeasdrenent CLcoutires
ad. significant cverkead to the latabase s;stea walch cannot
e disrecarded. For internal reasurement, we adst discover
“ay3 tc reduce tne cvernead cgenerateld Doy tLe neasurenent
software. We 1ust also e aple to a@measure the cversead
which carnct ke elimirated, SC that the aeasurements can be

adjustel accordingly. A very iua.ortant reguirement is that
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tne €x1stiry target sSysted Lust malntain the capatisirty of
TunrLiry trigpeded by tie additiobnal measSuieXcLt SOILtware.

Consideration aust Ze j;iven to tae level 1L the
tarjet systen wie€re chteckpoirts may pe fplaced. Souwe pcssirle
levels are at tne very high level, 1i.&., the syster level,
tie bilgl level, i.e¢., the prcgran levei, tae mediug level,
i.e., the subroutine level, and the low level, 1.e., thLe
subrcutine segment level. Whereas external serforzance
Ceasul€nent only places checkrcints at tne ver; high level,
interrai gperformance measurement places checkpoints felow
that level. Checkpcints must [te placed dt a level whicu
froduces data in sufficient detail to provide the user with
a basic urderstandinc ¢f the system's gerrormance character-
istics. Checkpoints should nct Le placed at a level sc low
as tc overwhelm the tvser with detailed data ¢r to interiere
significantly with system periormance.

For internal perfocrmance @measureaxent, the uaser
should have the capalkility to access selected data cut of a
range CcI pcssitle chcices. The user snould rot be rejuirel
to receive informaticn about processes which are nct of
current interest. Tlte interface should be easy to use ani
skould nct distract tle user frcm his primary gJoal ¢f urder-
standingy trke datapase system by reguiring the user to
rememfer the unigue syrtax or semantics oL the test inter-
face. T1lke collected measureaents should be made accessille

to autcmated processingy routines for data reductiorn.
t. Software Engineering Criteria

Measuredent software should e desigped usinj
p0lern scitware engineeriny metnods. The resulting software
should re understandatle, maintainable, reliatle and cor;yat-
itle with trhe tarjet systeunm. Certain software engineerin
metacds are of particular interest. These methods are Tcdu-
larizaticn, 1ser-friendilness, Jata abstracticr, ani

simplicity.
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for godularcity, tie Zvasireaent projrams spoulld
te nlerarchicaliy structirel Wit weii-leflned 1LteICIACeS.

The TE€dslicient TOdUL€s Ihcdawd L

V)

redsaovi€ tarou,acut tie

tar jet S:Sted. 4olvlarity allcws the S5:sStel to Le €asily

U

€Xteldei to CaecCkpolrts nut corslyered in the iLitial s
ficaticus. The test interface shoull present an easy-tc-use
fetniod for obtalning test data. It snouid i

dygregate Zata while still allowin; tae JS€r to access raw
data. 7Tke user should rnot have to reaember the sprecriic
syntax and semantics ¢f tue test interface. Jata atkstrac-
tion shocld be used sc that sukseqguent progras mrodificaticrns
do nct restlt in extensive IrefroJjraiaaing. An agiprogriate
cnosce cf primitives ( data structure and operations ) will
a.lcw for e€asy change and produce less systea overhead. Iae
fcasurenent system shculd be user-irieandly. In addéiticn to

)
“

’_1

coeyirg the simplicity ,rinciple, the test 1nteriace siou
te forgiving, i1.e., system should not c¢rash on pad irnput,
[rovide readable errcr diagnostics, anticipate errors, ard

guard a.ainst thcse errors.
C. Issues in the Application to Datatase Systeans

Applicaticn of the irpternal fperrorzance reasire-
tent nethkodclogy to a particular database sSystem reguires
that tne evaluator understand certain aspects of the tarcet
systet. Trte evaluator must wunderstani the prcgracilng
lanjuage used to ccrstruct the database systez, and the
structure arnd operaticn of the database systeu. The evalu-
ator wust Le prepared to overcome obstacles presented Ly the
tar;et systea 1in the course of tne lapiementaticr cf the
pericrmance measurement.

A thorough understanding oL the [frcgramaing
linjuage 1s necessary to successfully integjrate checkpcirtts
and data ccllecticn frograms into the existing software

structure. Cne must Pe familiar witn the Jdatd structures,

[ 9%}

(3]

d v TR T~ ——_—— ” a " p——y e T ——— 0 -

T S WP ;l

.L'




AR

T

nal o

Y

TV YTV

——y

IEUC S Sl et

T a i . SRRt Mate ety “Hai sl i S i

contrcl structures, LALilny COLVeLUiJdLs, a.,d  parageter-
fassSin. Tecranisas of the larjuage, 1oL order tC ldrie€cent
tiie Teasurelent procracss €lIlcClientliy and tC  BLL1I2T€ *Lelr
cvernead. Xnowiedge ci tie labj;ldje S,;0%ax [<31C<S prcirai-

ring e€rrcrs 4nd spee€ds ImpleTelLtation J02 The  ZeaSdIieldent
tools.

ror e<ffective 1nterndl Lelfofdanlce [easdrledert,
checkpcirts mist te ccrrectiy glécej L tue latalade s
Incorrectly rlaced creckrolnts 11CCLease Overneai arnd
FELCICLIANCE Teasuregent by frovidio; i1seless  lda
user. Tre €vaiuator Nust possess sufriiclent «Knowiedge ci thne
tarjet systema to allcw for the correct piacenent oI ciec
points. Tuhis provides tie sgoctn intejration of data ccilec-
tion frcgrarns, data processing frojrams and dJdata trarsier
pfojrars into the existing dataktase s stex.

CL.ances are that the targyet syvstenx, when
initially designed, was not designed with interunal perfora-
ance measurepent in rind. Instead, the targyet sSyster was
desigrned tc process all reguests efiiciently. Inteyratiorn
ci the irternal jericrmance measurement routines may aflect
the tarjet systea ir urexpected ways. Let us consider two
exarples cf such ways. First, 1ia a nessage-passing systex,
messages jererated Ly the measureazent [rograis may rejdire
godificatiors to the ex1sting Jdatatase Systea 50 that test
ressages wlill not be coniused with tae messajes of the data-
tase system. Second, the vclume of iaforaaticn jenerated b
the measurewent progyrams may overioal selected secticrns of
the tarjet systert. The evaluatcr of the performaace Ieis-
uremert Icutines aust be r[prerared ZIor SUCh COontlLnLgerncles.
Ey asinj tre knpcWwledge of tne .rograaling lapjdaje aichy
with tie krowledje cf tne datatase systen, the evaluator
Zust e ;re;ared to ctfer sciuticrns to the datatase alminis-
tratcr < 5cw to jracefully integyrate the perforiance reas-
urement @echanisas Into  the tag et systemd  witn (LS =r

podificaticrn and withcut overicad.
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The goal of external (eI ilC2auCe LeisSllicicit 12 to

rrovide a ccliection ¢ metiuods and t20ls woalch will ernatie
Us t¢ Letter anderstand tneé tar et sSrystel I, AedS1LlLg Lo
£ystel i1 a4 wiaoOle. In this wayv we can &easule the total
worL+ Leir, cone Ity tle Jatakase systa2a. de £2Cis Cn Iwzas-
uring tne response tize 0f the systex, the «elarsel tioe
tetween the issuance 0f A& regjuest and tohe fecelgzt cf *ue
IeSpChse tC tue reguecst.
Intcernai perfcruanCe 1Ieasdrelelt hdsS L€el SLCwWh %3
e bernericial in the fine-tuning of 4 system, anl 15 tuw
T1CCCSCCp1C exaninaticn 0 the WwOrDK LSlnj ferrorze€l Ly thd
svstern. External measurement frovides a judntitative g=as-
Thls alicws

yrezent cIi the sSyster froz a Zacroscopic view.
r

for the ccopariscn of datavase systens. Ia ta

&

ci the section, we discuss the desija considera
t

€XteIndal ferforaance ne€easureldent metaods. Neft, W€ f[rLe€sernt
tne sScItwaC€ enjiNeellnhy CrLlteria for esiternal [eIlICLIALCe
feasurenent. lastly, W€ show tLe application <cI  tae
exterrnal perforuance Omeasuredclht tO 3 S;SLSR.
a. DJesigjn Ccrnsildéerations
ZIxternal rCeriorzapce aedsurezent sSaoull have

rej.oiciclie cveranead, 1l.e., the response tize wilith exterrnal

EeLIOLTdrCe measyredert shoulil Le tie Sele a3 the L[e3fonss

time wlthout zeasurezent ceiln, jerZormeld. Thls 1s irn Zact
tie case. The reascn tnat tie JVelZavald 13 fnegliciile i3
taat cnly two tinln; Checsyzints  Leed to be nade. Trese

tLDLlnC CLECKPOLNTS AL€ [1i4J€l 1T tioe e ilLNLlO; O & rLegiest

and the end of the resfoige ¢ tie Lwcjdest, t.is prsviisn:

tie elagyced tine of tie res;clsc 0L a [e,ues T, Tre tilaain:

CheCKpClrts neel the Systed Side 4t the STACL asl CoO; i¢t1oOi
t

Y-

C

-
A

9]

L€ reguest.  The Che

are ;raded a2t the VEUY lJlh
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level to insure a cciplete @peasurcaent ol the total elaps
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‘c* There are other 1ssuyes that 3ust pe corns
* to insuie that the systew feir; evaluated 1s as  'pure' as
{ fossiztle. First, the systei should retairn ornly thcse ccde

anl @messages regquired Ior tpe ruanning of tne systex.

Messaces arnd code irncerporated into tne system fcr  tae
desigr c¢r Jdebuggjing or the system snould be reacved.
Seccrd, tiae system shbould not contaln unnecessary scftware
toois designed tc aid tae measurement, sSuch as those used to
create a test database. Such tools snouaid remain in soit-
walCe e€xtericc to the actual datakase system.

AL obviotvs «consideration is to insure that o
huadan ioteraction is involved in the timiangs. The systen
software, nct the reaction tice cf the user, is beirn¢ timed.
Tauerefore, the timer should start iamediately after a user
Ielcases the request. The timer siaould stop imzediately
frior to tle display on the selected output device. lae
reascrn fc¢r stopping tke timer prior to display is due tc th=
varying delays caused by the output Jdevices. The sgeed of
an cutyut device shkculd nct be incladed 1nto the syste
tialng results.

The final issue 1involving the placenernt oI

external performance measuremrent checkpoints 1S  whether to

[ €rbed tle timer code in the systea or to <call a tizer
¢ rodtine outsice the system. A call to a timer rcutire

° incurs unwanted tiaing deiays, addingy to the impurity of a
- Systen. Ii the timer code is enbedded, it can ke race to

p

dppear tlhat the systeil code beiny tested is embedded irn the

—

tiner ccde, i.e., placinj the timer initialization ccdée just
° pcior tc the point of the rejuest by the user and the tiger

firalizaticr code just sulbsejuent to trne dis;lay ¢cn  tae

Ol A 4

. cutput device. #lth these ccunsideratioans, an optiaal place-
Tent oI crteckpgeints can ke selected to take exterral

° pericrmarce timings.
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F. Software iIngireerinj Criteria

Unlike irternal fperforazance-peasdreanent scftware
wiicn uses soiftware design Tetaodoloygies, the e€xterral
[ericrrarce-measurcmenrt software uses software desigrn tcolis.
in [Kef. §7, a rtull Jescripticr is rrovided OI tane LecesSsary
exterral recrforaance-geasureaernt tools., These tools irclude
a tsst-Iile jeaneraticr packasje, a4 Jddatabase load suktsystea,
arnd a request jeneration package.

The rurpcse or the test-rLile gyeneration package
15 t¢c <¢r€eate a4 test Jatadasc. T.ls ailows for the easy
creaticn or a jatalase containing trne Jesired parameters to
Le evaluated. The datavase Load subsystea must frcperly
loal tre

rt

lies c¢reat-d in the Jeneration package. Ihis
ircludes the creatiorn ¢ iirectorlies ZIor the test datatase.
The rejuest jeperaticr fackaj € is used to create and e€xecute
test reguests, and jroviies fc¢r easy variance in the types
and ccoplexity of recuests. This packaje also archives tae
Tegylests Lcr later y:se. Usipy these tools, the extermnal
perfcrrance timings cf the datakase syster under measurlLe€lent

can Le e€asily obtained.
€c. Issues irn the Application of tae detiucdolegy

The case with which exteraal performance meas-
uremert can be perfcrmed ¢ch a Gatabase sSystem car vaiy.
There are two important considerations: the language in
whlich tle system is written and the dejree of software engi-
nzeringy used in the database system design.

The language needs to pe readable and tc ccm.li-
gent fprcper documentation of the systen. This will facili-
tate an understandin: ¢f the system by the system evaluatcr.
The language must alsc be powerful enough to easily inccrio-
rate syster commands, such as requests for the syster tize.
A language, such as C, has these capakiiities, feiry
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primarily desigyned £c¢I sSystem projraamling. C is a rigk-
level 1iangjuagye, that 1is Fota rpowerfui ani rfpertatrle.
Aitncugh the sugport scitware tools such as datacase lc¢al
can Le inplemented inp a language otner thkan toune languagje 1in
wnich tie database system was written, the evaiuatcr zeeds
to ke familiar with several Jdifferent languages if several
different Jatabase systems are to be evaluated.

The degree oi scitware engineering use€d 1o tLe
datakase system design will mcst definitely facilitate anv
external performance measurement to be done. If the cata-
tase systed was hierarchically desigped using amoduiarity,
knowledge <c¢f the 1irnternal workings of the system Ly tae
evaluator will e nmirimal. Oniy the upper level 1ir tae
hierarchy ne¢ed to be studied fer the prcper placement of the
checkpcints. Exterral measurement only reguires a macro
krowledse of the systenm. This 1s to insure that the chreck-

points are indeed prcrerly fplaced at the very high level.

C. TEE CCHNBINATION CF INTEENAL AND EXTERNAL PERFCRMANCE
MEASUBEMENTS

Separately, 1internal and external performance rmeasure-
ments grovide a wealth of irfcrmation to the evaluatcr.
Interral perzormance measureaent provides the timings and
data ccllections of individual processes 1in the database
SYSter. External rperformance measureazent provides the
€lapsed time for the compliete reguest. Yet, when the two
rethcdclcgies are coriined, there is a syneryistic efrect to
tne armcurt cf information availakle to the evaluator.

Tbe <ccobination ¢f 1interral and external periormance
reasurements 1s natural. There are bernefits to e gained
for cre frce the other. For exaaple, we can determine the
cverfiead incurred wlen using internal performance measure-

pent; tirst, using the exiternal checkpoint, we coilect the
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€.apsed tize for ,rocessind a rarticuyiarlr rejuest. Tuls time
r r ig a

is then ccropared to the elaysed time Of the rejuest when

Eoth irterral and exterral checkpgoints are enabled. ine
dilference in the elapsed times OI tae€esSe twd NEasSUfelents
frovides an exact measureaeuat of the overhead 1rncurred by
the dirterral performance @measuremeat software fcr t.ois
Ieguest.

Cr tie ctiaer hand, We «can use the internal perfcroarce
Beasuresent timings tc interpret the egternal perrcrrance
Teasurenent timings. In particular, if a re, uest takes z3any

huniredtts ¢ a seccrd as a result oI external perfcrmirLce

Teasuregent, the evaluator wouid want to Jetermine the
Frecise distraibutior of the work. Internal gperformance
reasurerent can answer these guestions. 5y coaktiring the

two measuretents, tte whole cf the Ieasurelzent results is
pore dearingful and vseful taan the individual results.

In tke following chapter, the tarjet sSysten, i.e., I3

(93]

is Jescriked. Ihis is the systea selected to te evaluated
using tlke 1internal and external performance @Geasurlenent

metncdolcgies presented in this chapter.

T
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I77. THE MULTI-BACKEND L[ATABASE SYSIE! (dDBS)

4

Ip trnis cuapter we di13Cuss  tone coaligyuration and tiecr;

Ci ojeraticn oi tne wmulti-lrackend datatase systez (M[38). 1

Tils clapt<r nhas been extracted Zroa papers and rerorts
S [Ref. 6, 10, 11, 12].

MIES uses twc or more identicai ainicomputers ard tasirc

P

wiiCh have feen written on - MI:

disa systems to provide a centraiized database sSyster witl 1
suppcrt for aultiple, dissimilar Lhosts. Che @1lnDiccmjutel ®
functicre as the cortroller. User access 1s acccoglisred 1

tnrougl a hest computer whicin in turn communicates with ths

ccntrcller. Multijple minicomputers and their disks are ﬂ

conficured in jarallel to serve as backends. The crigiual ®
desigr acd analysis c¢f MDBS is due to J. Menon [Ref. 1, 2].
Tae lmzlementation and new design efforts are documentei ir
[Ref. 3 thrcugh 6]. The dataktase is distributed acrcss all
cf the lacxsends. The datatase wmanagement functicrs are

repiicated in each backend.

As showr in Figure 4.1, the controller and the tackends
. are ccnnected Lty a troadcast ©pus. When a transacticr 1is

received frca the host computer, the controlier trcadcasts ®

tne transaction to all the Lkackends. Each backend has a

v

runier cf dedicated disk drives. Since the data is distrib-

uted acrcss the tackerds, a transaction can be executed by
all rackerds concurrently. Each lkackend maintains 3 jueue of ®
transacticrc:s and scledules regjuests for executiorn inle- )
pendent cf the cther rtackends, in order to maxizize its

access creratiors ard to @inimize 1ts idlie tiae. The

——vvrv—rv—-;r "
: ! -
4

; contrclier does very little work. It is respornsiktle for ®
{ troadcastiny, routing, and assistinj in the inserticr ci rew

data. Tahe backends o mcest of the datakbase ofperatiors.

PO I B W

Eresertiy, MdBS is £fully operational with a VAX 11,780 as

(98]
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tne ccntrcller and two 2DF 11/44s aal tnelr 4isks as the
fackerds

¥I55 1is a nessaje-oriented systez. IL a nes3aj€e—criented
system, <€ach [process correspcnds to cie systed LuLctica
Tuese pI0Ccesses, trher, corsunlicate 3inony tpemselves Ly
Fassir; nessajes, UsSer re.u€sts are passed Letweel [ICCEsSseEs
as messaces. The messaje patis Letweel processes are rixeid
for the system. The MDES [frocesses are c¢reated at systenm
start time and exist until the systex 1s stopged.

MLBS is designed to perforr the yrimary catavase cyera-
tions, INSEFI, DELET:, UPDATE, arni RETFIZVE. Of thcse four
datakase operations, c<nly the retrieval operation will Fre or
concern to vs 1in this thesis. The syantax and semartics of
tne retrieve operaticn is discussed in Chafpter V. Users

access MLES through tge host & 1ssuinyg either a reguest or

a transaction. A transacticn i1s a set of reguests. A
Lequest is a primary cperation alcng with a guaiificaticn. A

guallf;gg;;gg is used to specify the 1informaticr cf the
Catakase tlat 1is tc be accessed by the rejuest. dcre
complete definitions c¢f the MLBS termiroliogy carn ke zZourd in
the fcllcwing sectior.

Ir the remainder of tnis chapter we first discuss tiae
directory structure. Next, we jrovide an overview <cf the
Frocess structure. Tlren, a fresentation of the message tyges
is ;rcvided. Llastly, we trace tne execution sejuence of a
retrieve re juest.

A. TEE ATIFIBUTE-BASED DATA MCDEL

In this section we discuss the attricute—~based Jdata
model. Next we ;rovide some definitions in order to Jdiscuss
MD3S directcry data. We corclude tnis sectioa bty descriiaing
the takles necessary to maintain the 4D3S directcry

informaticr.

to
Ny

s

PRV W YRR

e

P

AW, .

PR




Ir the attriiute-rased data amodeli, data 1s mcdeled wath
tie ccnstructs: Jatarase, file, record, attribute-value
palr, directory keywcrd, directcry, —record Lody, xeywcri

predicate, and query. Inrformally, a datarase consists o a

colliecticn ci files. Each file cortains groups «c¢Z reccrds
which are <characterized Lty a unijue set of lirectcrr
keywerds. A record 1s comfposed of two parts. Trhe first

part is a «collecticn of attritute-value pairs or xe€ywcris.

m e ————

An attrikute—value pair is a aember of the Cacstesiarn prciuct
¢ tle attribute rame artd tne value lomain 0I tie
attritute. As an example, <POPJLATION, 25000> 1s a-
attrikute-value fpair having 25000 as the value for the yporu-
laticn attribute. A record contains at rost one attriltute-
value rpair for each attribute Jdefined in the Jatalase.
Certain attribute-value pairs of a record (or a file) are
calleé tle directory keywords of the record (file), Lecause
€either tlke attribpute-value fpairs or their attritute-va.ue
ranges are kept in the directory for addressiny the reccri
(file). Those attrilkute-value pairs which are nct xefpt in
the directory for acédressing the record (file) are called
non—directcry keywords. The rest of the record is textual
irformaticn, which 1is referred to as the record Etcd An

exacple cf a record is showr tkelow.

( <FILE, Census>, <CITY, Mcnterey>, <PCPULAIION, 2E5GC0>,

{ Temperate climate } )

1ke anglie rrackets, <,>, enclose an attrioute-value fair,

i.2., keywcrd. The curly brackets, {,}, include tuec recori

tody. The first attribute-value palr oif all recoris of a
file is the sanme. Ir particular, tae attripute is FILF and
the value is the file naae. A record 1s enclosed 1ir the
Farenthesis. Fcr example, the above sazple record is frox

the Ceansus file.

tad
[We]
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The database 1s accessed oy indexin; orn llrectory
ic

i
Ke7w#CILd3 using KeyWOIC rredicates. A KeVwOLu ICedlcate 1 a
tircee—tdilie consistir, of ap attribute, 4 relaticnal cper-—-
ator (=, #, =2, =<, >, <Y, and as attribute valide, 1l.€.,
FOPJLATICN 2 20000 1s a keyword predicate. More Specill-
cally, it 1s a jrea ter—-than-or—¢ juai-%o Freiicate.
Combirinc keyword rrredicates in disjunctive rnor

3 Iz

cuaracterizes a guery of the datacase. The guery

—_
13
(=]
|

b
H

Cersus and CITY = Monterey ) or

+r
H
!-(
tn
H

Cersus and CIlY 3an Jose )

will re satisfied by ali records of the Cernsus file witr tae
CITY ct eitter Mcaterey or San Jos=2. For clarity, we a.iso
enpicy parentheses £cr bracketing prelicates in a Juery.
Fecall that 1n FIBS thece are four types oL reguests
wulcCl ccrresgond to the four ;rimary datalase operaticrns. An

€xanjle ¢f a retrieve rejuest wouid be:

E=ZTRIEV

rat

{ FILE = Census and FOPULATION > 102000 ) (CIT1)

whicl retrieves the rames of all those citles in tne Census
file wncse populatior is jreater than 1JCO0O0. Nctlce trat

tie gualificatiorn ccif

nent cf a Cetrieve rejuest consists

o
CL twc far.s, the :uvery of two rredicates ( [fILE = Cencus
)} and the targyet list (C1i7Y). Tae

and ECPJLATION > 133CC
guely <specilies whick recorus of tae datavase are tc ke

C
CetZieved. Thne tarjet 11st srecirfies the attrihute—-value (s)

f

to te returred tc the user. A4 user @may wish to treat two or
ICCe & ;UestsS as a4 tralLsactior. In this situaticr, MISBS
€ieCutes tue rejuests ol a tracrcsdaction without ferauting
tuen, l.c., 12 7 1s a *transaction containinj the L uests

<II>CKEL>,  tien MD3S5 e€xcCltes the rejuest R beicre recuest

5l Firaily, Wwe lefin~ the teora traffic—unit tO Cepresent

ertrel 3 S1l,ie Iejlest O A4 transdactlon 1L execution.
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B. TEE CIRECTORY TAEIES

1c wanaje tiue datarase (SLten Celeiel tu a3 as-r latydy,
ses Jdirectory data. Directory aata 1L MIIZS corres;
ritutes, jescriptors, and clusters. An attribate 13
tsel tc represent a catejory of tue usger Ictag €e .4y
IICY 15 an attribute that corresgouls to ictrai Lo;i-
laticrs storel 1in tre databtase. A 1esgcri_.tor is afel to
descrite a rarge of values that an a te can hLave; €.3,
{10001 € ZCZULATION < 150J0) 1s a4 possibie degcripter for
tae attrifute PCPULATION. The Jdescriptors tuat dre Jetirel

Zor ar attribute, e€.4., pogulation rarnjes, are Tatually

- a

tt

[
¥
oY)

€exclusive. NOow the rotion of a ciuster can oe 2

L

[ f]

iuster is a group of records sucn that every record 1rn tae
cluster catisfies the same set of descriptors. TFor exabgle,
all records with POPUIATION Letween 10001 and 15000 may icrrx
crre cltster whose descrigftor i1s the one given above. In this
case, tie ciuster satisfiles the set 0of a single descrijtcr.
In reality, a cluster tends to satisriy a set of wmultiple
descrigtcrs.

Cirectcry information 1s stored in three tacles: tiae

Attrikute Taikle (AT), the Descriptor-to-Descriptor—-Id Taile
(3DIT) and the Cluster—Derinition Tatle (CDT). The Attrifute

Tarie maps Jdirectory attritutes to tue <descriptors derinel

fr———— — —_ ——— e ey

Attritute P

ECPUIATICN |
CITY T
FILE i

r

Pm—

Fijure 4.2 An Attribute Table (AT).
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€n  thel. A Sazpie AT 15 Jdef]

unijue adescriptor id. A sang
Note that the rolnter showh AL Fl,ure 4.

thhe CLII tacle kut 15 srnown here rfor ciarity to relate Lacr

[ T = - - - ’ll
. _ |
. oescrigtor e {
. - |
y i=> C < POPULATION € 53300 | 211 } }
%- 50001 < POPULATION < 130000 | 212 | |
I
}fg 100007 < 2OPULATION = 250900 | 513 |
. 250001 € 2GPULATION < 503000 | o1s | |
: ! i
t c-> CITY = Cumterland [ D21 | |
f | |
, CITY = Coluaktus | 522 | t
- +— | |
(o > FILE = faployee i D31 | |
3 . - l
: FILE = Census f Dsz } ;
. . A : |
Dij: Descrigtor j for attrikute .. %
*(3 ! e e i _.__j
Figure 4.3 A Descriptor-to-Descriptor-Id Table (LCDIT).
F’ to the AT takle cf Figure 4.2. The Cluster—de=finiticn Jaile
_‘ maps descrijtor—id sets to cluster ids., Zaca entLy CORSLSLS
ci tle urigue «cluster id, the set of descriptor 13s wacse
descriptcrs Jdefine the cluster, and the addresses cf the
i‘ records in the clusters. A sample CDT 1s SaoWwn in Fijure
- 4.4. Thus, to access tne directory data, wWe zust access tae
AT, [LCIZ, ard CDT.
f Cre cr the ey concepts used wnen designing tae test
‘. datatise (see Chapter V.) 15 defininj the descrigtors which
‘ are srecified in the directcry attributes. Thus, we prcvide
a4 crief introducticr to the three classiiicaticrs oI
descriptcrs. A tyfe-a descrigtor 1s a comjunctica ¢t a
[ ]
. 3€
L
L L - P - _ — e

mnadhadiitt

.
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a oesc-1d Scet Addr
f 21 ) 211,021,051 | A1, Az

| <2 1777152050 150

Figure 4.4

A Cluster-Tefinition Table

(CDT) .

less—than—cr—egual—tc predicate 4ani a jreater-than-or-e1i1al-

to . redicate, such tlhat the

rredlicates. An example 0. a tyre=A
r r <

follcws:

((ECEJLATICN 2 100J0) arnd (FOPULATION <

descrictcr 1

Samke attrisute appears 1o oot

un
o
U

-

A type—2 descriptor ccnsists cf only 4an eguality gfrelicate.

An example cf a type-E descriptor is:
(FILE = Census).

Finally, a ty,e€=C descriptor coasists of

attrikucte. The

tyfe—~C attrikute derfines
sub-descrifptors.

cates defired over
in the dJatarase.

Fcr examrple, the type-C

forms the type—-C sub-descrijptors

{Cii¥=Cutkerland), (CITY=Colurcus)

wiere "Cumcerland” andé "Columius" are

tase values for the CITY.

C. TEE ERCCESS STRUCTURE

Currerntly, MDES Jo¢s rnct comaunlcate

all unigue attribute values
attritute CITY

the only

<

the naze ¢I an
a set 0f tyre-C

Type—C suk-descri tors are ejuality fpredi-

WhlichL €513t

witih a lLcst

Tacaine. The 21iscence cf this ccmaunlceatlon Cejuires trnat the

Las
-
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test 1nterrace procecs, the [LCCe3s5 1el Tt 1hteZelt wit R
Y335, te flaced 1n tre ¥I3S Jentroalorr.  IL Cul=lLt Zliiie— ]
Icntaticrn C¢f MOJFS Jo€g not utilizZe 2 LrooadcCest Cis. Iustezd, :
1233 atilices rarallel cczzunicitions  lin<s (ECLz3) t: k
€ndlate 4 rtroadcast lLus. Eoth tie COntTIoi.erl 1nJ the Lack-—

€rnls ccntalr processes to interfacs wltn tue ICLs 0@ 1ntel-—

CODFuUtel D€cSSa g€ fassiny. TlLe€se [roCus3<3, Whiize LeCefcaly ;
to irnterface 4ith the 2CLs, are Lot .alt JdI  LIZ3 anl a1l X
not te Jiscissed furtrer. TlIAL2 4.0 L LUOVlides al CUELView :
cL the MLES Prccess Structure. 1
1. Ih€ 2LOCESSE€s CI thz ZCLtila-_X Y

TL€ Corntrollier 15 CCI)uow . 1D TlTex FICCR ool

fojldest rre;aration, InsSelt InIoITatio ClLel st i, 1Lo JJSt
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n
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u
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1
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be
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1
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\
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o

3
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o
forzats a reglest (transactlolnl) Lefole Awliail ) TLe

; IlrTettel
Iey lest (trahsaction) tce the Tiredtol ) Mind ulwlt [ LCIwsd 1l
€ach ftacrernd. nsert InicIfatlou.  sehelation 13 dzel  t )
gprovide additioral inforamaticn to tihe  LalAeLdsS wiel 3 :
insert recuest 15 receilvel. 31nCe the lata 13 Z1Strifutsl,
the 1NnsSeLt Cniy CCCUrLs at one o0f tae Lilrends. Tonuds 1t zust
Jeterilne tire backend at whict the 1nsert wWlai OICJI, 21ChL g
® witn the cluster anéd descriptcr 1ds [Or the 1LSwrit. 23t
{ Frocessirn; 1s useud tc ccilect aili the resulits oI 3 C€Z1¢st
r (transacticrn) and fcrwardl the 1Liormation Lack to tie nLJis:t
comguter.
r’ 2. Ine Processes cf zZach Eackend
fach Lackend 15 alsc c<ccmpGsed O thfe2 [rLClesles.
: Tiey are cf course Jdirferent froa the controller jiccesses.
{ TLey are: Lllrectory Manajenmel t, Concurrcency CJontrci, an.

Fecord FL10CES31Nhy. Dlrectory Manaj2@ent [eLLOof@s DesSCL1) oo
Search, Cluster 3Search, 12d Address ScLeration. Degcril; tor

Zearcr letermines the Jdescriptor 1ds thiat are  neecldel oo oa




T

Iejuest. Cluster Search finds the cidster ids. AQcress

Generaticn deteralnes tne seccndary storaje aldresses reces—
sary tc access the <clusterel recouds. Concuarrency Ccntrol
determines when the rejuest can be executed. reccri

crLocessing ferrorms tne ¢peraticn specified 0y the re,uest.

L. TEE BDES MESSAGE 7TYPES

In this section we describe the MDBS wmessage-pacsini
faciiities first Jescrited in [EKef. 13]. In tke ML3S
ressage—rassing rfacilities there are 31 messaje tyres ani

cne cencral messaje fcrmat (shown in Figure 4.6). 7This saxme

Yessaje Tyfe {a numeric code).
Message Serder (a nuLeric code).
Yessage EKeceiver (a numeric colej.
Message Text (3n alpnanumeric field

terminated by an end
cf messaje anarker).

e e

Figure 4.6 The General Message Format.

format is used for each of the three message passirng facili-
ties,  nagmely, ness£ages within the controiler, messaces
withir a fkackend, and messajes between computers. Messages
tetweer computers are divided 1iLto two <classes, I&ssaces
t<tween ftackends, ard messages Letwean tne contrcller anld
the rackends. Figure 4.7 descrices each of tne YDB3 ressage

types. Figure 4.8 describes tne abbtreviations used.
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SCURCE CR DEZSTINATION DESIGNATIUH i PATH DZSIGMATIUN
dCST : HCST MACHINE éIESI-IVI) i d : HCSI
RE%E : FE%UESI PEEZEARATICN C ¢ CONIRCLLEEL
I1¢ ¢ INSEZRT INTCEMATION GENZERATIUN C : CCNT2Cil:ick
EE ¢ ECST PROCESSING C ¢ CONInCLLEK
oM : LIRECTCRY JANAGEIMENT B ¢ A EACKENE
rECF : RECORD PRCCESSINS { S ¢ A BACKEINL
ccC : CCNCURRENCY CONTRCIL | B : A& BACKENL

- S — —

Figure 4.8 MDBS Message Abbreviations.

Ccraunicatior between <ccmfuters in ¥DbBS is achkieved by
using a tize-divisicr—pultiplexed bus <called the farailel
comauricaticrn link (ECL) [ Ref. 14]. MDBS contains a soft-
ware 1rnterface to this bus for each computer cornsisting ci
twd Cccroiiidentary prccesses, The first gprocess, get-zcl,
gets fessages from other conputers off the PCL. The seccnl
[rocess, fut-pcl, futs messages on the bus to fte sert to
Ctiael ccaputers. The contrcller and each backend have their
cwd g€t—-pcl and fut-pcl processes.

Ir the remainder cf this section, we give short descrip-
tions ¢f the Jdefinitions of ¥I[B3S messages. These Jdefiri-

tions are cf the forrnm:

(nessaje-tyre number) message-type name: explanatic:i of

ressace.

The descriptions will be yiven by the process that receives
the rmessage. These descripticns are in following figures:
FKejuest Fregparation (Figure 4.9), 2ost Processing (Figure
4.17), Directory Managyement (rigure 4.11), ERecord Prccessing
(figure 4.12), Concurrency Ccntrol (Figure 4.13), Hest
processed for Test Interface (Frgyure 4.14), and Insert

Informaticr Generaticr (figure 4.15).
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(1) Hest Traffic Urit : The trafrig unit rerresents a
51n%1e rejuest or transaction Iroa a user at the
ncst machine.

Feccrd trat has Cuanged Cluster : Tnlis message 1s
a record which has chanjed cluster, EReyuest .

Ereparation will pregaré it as an 1nsertion axgd |
send it to tlre backernds.

No #ore Generated Inserts : Tnls message indicates
that all the records that have changed cluster as
a result of ar ugdate regquest have Been sent tc {
Feguest Preparation.

Fesults of a Fetch or petrieve Caused Ly an U;
This message carries the inforuwaticn from a f¢
cr retrievé ftack to Reguest Preparation to con
an update with a type~1II1 or a iype—IV rodifie

<2

dat
tcn
clete|
L.

Figure 4.9 Request Freparation Messages.

(4)

(3)

o monn sl

Numlrer of Reguests in a Transaction : Kegjuest
Ereraration £ends tc Ecst Processing the nuxier
cf requests ir a traiffic unit. This enables Fost
Frocessing tc determine whether the processiry cf
g traffic’unit is ccngplete.

Aggregate Ofperatcrs : Keguest Pregaration sends
thé aggregate operators fo Post Processing.

Feguests with Errors : Rejaests with errors will
te " found in Fequest Preparfation by the Parser ard
sent to Post E:ocess;ng dlrectlg. Post Processirg
will send reguests with errors Lack to tne hcst.

FResults cf a Fequest frowm a Backend : This message
contains the reSults that a speciiic rackend £fculd
fcr a reguest.

Aggregate Operator resuits from a Backend : Wwher {
an aggregate creraticn needs to be_done on the
retri2ved reccrds, each tackend will do as much.
aggregation as possilble in the a%‘;egate operation
facction of Fecord Frocessing. Ris Jessaje
carries those results toc Post Processing.

Fiqure 4.1C Post Processing Messages.
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Farsed Trafiic Unit : This 1is the preparea trafiic
unit sent by Feguest Pregaration.

Nc More Generated Inserts : Thls message indicates
that 1nsert reguest for ali the records thrat have
changed clustef as_a resuit of an update reguest
tave beer gererated and sent to Directory
Yanagement.

New Descriptecr I3 : This message 1s a respoLse tc
tie D;recto;g Mapagement reguesSt ror a new
descriptor id. .

Eackend Number : This ressage is used to sgeciify
which backend is to insert a record.

Cescripter Ids : This wmessage contains the results
cf descriptor search bty Diréctory iJanayement.

Cld and Yew Values of Attribute beinyg Yodified :
Feccrd Processing uses this aessaje to check
wgetger a reccrd " that has been updated has charnged
cluster.

Ap Update Reguest has Finished : Record Processing
signals Direcltory Management that an update reguest
has finished execution.

Figure 4.11 Directory Management Messages.

(1€)

(17

(29)

(1€)

kequest and L[isk Addresses: This messagje cortairs a
request and disk addresses for Record Processing to
ccme up with the results ror tne request.

Changed Cluster Resgponse: Directory YanagemerLt uses
this " message tc tell Recerd Processing whether an
updated record has changed cluster.

Nc More Generated Inserts : This message indicates
that all insert requests generated as a result cf
an update reguest have beén sent to Record
Erocessing.

Fetch : Fetch is a special retrieval of infcrmaticn
for Request Frepacaticn due to an update reguest
witn type~IV modifier.

Figure 4.12 Record Frocessing Messages.
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(27)
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Type—C Attrirutes for a Irafiic Jalt : CCRCUILELCY
Ccntrol takes the attributes in tails tessage arné
determines wlen Descriptor Searcn fer ar attraikute
can be perforred. ) o

Cescriptor-1¢ Groups fcr a Trarfic Unit :
Concurrency Ccntrol takes the descriptor—id grougs
in this meSsagje and dJdetermines when Cluster fearck
fcr a reguestican be perrocmed.

Ciuster 1ds fcr a TraZfic JYnit : Concurrency
Centrol takes the cluster ids in this message arnd
Getermines wlen a regquest can continue with Address
Geperation ard the rest of rejuest execution.
keicase Attrirute : Director; Maragement uses this
ressage to signal Ccacurrency Corntrdl that a
re%uest has peérformed Descriptor Search on an |
attribute, and the lcck on _the attribute nelad ty
the reguest can ke releaseil. .
Felecasé 4ll the Attrilkutes rfor aL Insert: Directory
Yapagement uses thlis messaje to signal CODCULLELCH
Ccntfol that an insert regyudest has perrormed
Lescriptor Se€arca on all Ehe attributes, and the
locks on tke attributes hLeld by the request can e
released. ) _

Felecase TCescriptor—Id Groups : Directory #danageaernt
uses this message to signal Concurrency Contrcl |
that an insert fejuest has periormed Cluster Searchi
for a reguest, and tae locks on the descriptcr-id |
groups néld ry the request can Le released.

n Update Recuest Has Finisaned : Directory
Yanagement ufes this nessaje to signal Colicurrency
Ccntrol that an update reglest nas finished
execution, ard _all toe locks held by the rejuest |
can be releasea. ,

Attribute Locked : Ccncurrency Control signals
Directory Manpagedent that an attritute is lccxeld
for a reguest, and Descrifptor Search can ke

erformed. .

Lescriptcr—Id Groups lLocked : Corncurrency Ccrntrcl
sigrals Directory Management that the Descriptor-id
4LOupsS needed by a regidest are locked, arnd cluster
Search can be performéd. )
Cluster Ids Iccked : <Concurrency Control sigrals
Cirectory Management that toe cluster ids neéded Ly
a request car continue with address Generaticn and
the fest of request execution.

hkequest Id of 4 Finished Request : ERecord
Frdocessing signals Concurrency Control that a
pcn—update recuest has finished execution, arnd the
locks on cluster ids held by the request can te
released.

Figure 4.13 Concurrency Control Messages.
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(<) recuest EKesults : Cortains the rCescelts for a reguest
after peirnj ccllected iror ail tne tackends ard
acgregjated, 1f pnecessary.

Figure 4.14 Host Messages.

(¢) Cluster Id : [irectcry Manageaeat seinds a cluster
id to Insert Informatlcr Gederation for an i
reguest., IIG wili decide where to du the ir

1C) heguest for New Zescriptor iId : waen CSirectory
9 F L ; : Lely
Maragemert has found a new Jescri.tor, it is =ent
tc Insert Inicrmaticn Generation to jenerate an 13.

— —_———————— e —_—

Figure 4.15 Insert Information Generation ¥essages.

E. TEF EXECOUOTION OF A RETRIEVE REQUEST

Ir this section, we descrite the seguence of acticrs o

(@]

a8 retrieve rejuest as it moves througn MD3S. The segusnce of

acticrs will be descrired in terms oI the messages fasse:l

Fetween the MDBS r[rIccesses: Reguest Preparation (RE.E),
Insert Irnformaticn Generaticrn (I11G), Post P2rocessirng (2f),
Lirectcry Manajement (DM), FEecord Processiny (RECE) and

Concurrercy Control (CC). For completeness, we descrilke the
acticrs wkich reguire data aggregation.

First the retrieve regyuest comes to RELP from the lLost.
In the present implegerntaticn, it comes from the ccntrcller.
FZ2P c=ends two messaces to EP: the number of rejuests ir the
transaction ani the aygyregyate cperator of the reguest. The

third messaje sent by REQP 1s the parsed traffic urit which
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goes to [ in trne backenis. LM sernds tne tyre-C attrifiltes
neelied £y tie rezuest to CC. Siace type—-C attributes gay
create new type-C suk-aescritors, the type-C attriltuates
pmust ke locxed ky (C. OCnce arn attribute 1s locked ani
descriptcr searchn carn ke perforaed, CC signals J2¥. M will
then ferfors Descriptcr Search on an/n predicates, Wwhere i
is the numker of predicates sjpecifiel in the guery, ani r is
tae nunker ci Lackends. DM then sigjnals CC to release tae
iock cn that attribute. DM will Etroadcast the descrirtor ids
for the reguest to the other rackends. DM now cends thae
descrigtcr-1d grcups <Ior the retrieve reguest to CC. 2
descriptcr—id greup is a collection 0of descriptor ids wnich
define a set of <clusters needed Ly the recuest.
Descriptcr-id groups are locked by CC, since a descriptcr-id
groug may define a rew cluster. Once the descriptcr-id
3Jroups are locked ara Cluster Search can Lte perfcrumed, CC
signals C¥. DM will then fperform Cluster Search arnd signal
CC tc release the locks on the descriptor-id groups. MNext,
LY will send the cluster ids for the retrieval to CC. ccC
i1ocks cluster-idsg, since a new address may be specified ior
an existirg cluster. Once tne cluster i1ds are l1ocked, and
the request can proceed with Address Generation and tne rest
¢cf the rejuest execution, CC signmals DM. DM will ther
perforom Address Generation and send tne retrieve recuest ani
tie addresses to RECEF. Cace the retrieval has executed [rcp-
erly, &EICP will tell CC that twne rejuest is done and tae
locks ¢n the cluster ids <can Le released. The retrieval
results are aggregated by eacn backend and Zorwardeé tc ipP.
EP ccopletes the accregaticn azter 1t has received tae
partial results from every tackend. Ahen 22 1is dcre, the

final results will be sent to the user.
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IV. AN APPLICATION OF IHE METHODOLOGIES TO

13
e
Ito
tn

In the previous <cCudapters we discussed the sScparate
toplcs cr aetihcdolceyles fer doingy 1lnternal and esterczas
Fericrurarce 2Jeaciurerents of Jatarase sy;steas aLi1  tuo=
Pulti-rfackerd DJatarase 3ystexm (MD:3). Tuls Chapter ;LE€serts
the aprlication ¢f tiese methclcloyjies to M0Z3.  Thne L1rnitlad
discussich concerns gfTodilZication to tae “10BS software. ¢
discuss the decicsions made durirg saplezeatation, ccdiifica-
tion cf the user 1interface ;10Ce5s5, the lLtackenld rrocesses
and tke ccntrolier gprccesses, and ta€ 15SdeS Cescavec 43
implementation. The next Jiscussion centers on tne moliiri-
caticrs cf the ADBS test ernvironuent, WwiLlCa 1includles test
envircrment cnanges and sof tware toois. The rinal discuyssion
identifies &measurexzernt programs that were i1lflerelte

cutside c¢f the MILBS ervironment.

A. TEE MCDIFICATION CF THE MDES SOFTWARE

In ttis section, we begin Ly presentiny tne Jecicicns
rade ccncerriLj tane implementation of internal ard extercai
perfcrmdnce measuremerts on M[E3. Next, we discuss the godli-
ficaticns <c¢f the user interface and tne individual 3

FLocesses. ke corclude this sectiou by relating issues whica

bl

are rescived during the 1iaplementation of the fperfcrrance

reasurenent methcdolcgy.
1. Iprlewcntaticr

When desiynirg and specifying 4internal and extercal
crerfcrrarce measuremzent metncdclojies, decisiors gust te
made as tc the most advantageous positicrs to place tae

checkpcirnts, data collections anud Jlata agjrejations. These
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decisicrs are pbased c¢r the need to minimiZe system overtkead,
arnd tc ;rcvide the afppropriate level or letalil oI the test
data cktained. Primitives and Jata structires aust Le devel-
cped whbich will allcw the peasureaent progyrams to rewnairn
extersircle and which are ccmpatinle wWwitn existirgy systea
syftwar<. A user intertace aust De Jevelopeld whicia is easy
to use, shculd not rejuire ti€ user TO pPOSSESS any Srecia
knowlelje cf the interface inpn order to uase it arni should
Eairntain data 1n machine readalkie <fora which will ailcw Jor
fature <xparsiorn of the perforzance measurement 3ysten.

1te following iaplementation decisicns are witrin
tue kcunds cf twc corstraints glaced uapon us by the current
implemerntation of MDES along with two constraints we gplacei
€L cirselves. The first cownstraint concerrns the virtual
memory avaiiable to tle processes resident on the backernis.
The creratiny syster on the [EDP-11/44 allocates a virtuai
Teacry cf €4 Xbytes. fach of the 4DBS backend processes Lust
fit ipto a virtual mexcry of tals size. The adlitional soft—
ware adied as a result of [ferformaance peasur<aent Las to fe
constructed so that it will £it iLn 4 the very limitel meacry
£J4C€ Tre€mainirnj 1L €dcCu tackend process. The =seconi
constraint concerrs the 1irnitial MD3S desiyn rezuire€iernts
which called for a Ltroadcast rCus between IiLlcoRfputers.
Currentliy a Parallel Coamurications Link (sCL) is freiny
€apicjed as tne luter-conmputer messaje—.assing aechariso.
Me3zaces fasse] over the PCL are sSejuentially transaittel
froa tre sernder to tle receiver. 7Thnis dirference in ciera-
tion tetween the PCL and the rroadcast bus must Lte taxgen
into acucunt in cur attempt to validate the claims cf MIEIs.
Additicral jerfcraarce aeasurezent pLoyCams aust alsc te
wCitter tc Teasui® DessSd Je—fassing tiaes on the £CL.

Tre thlrd ccrstraint, i.e., minimizing cveriead,
€1 ;nificactly influences our performance measureament desijn.

Tals subject will be discussed irn the followinyg paragrapts.
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Tue flpal ccastraint ceals witn cur lesife to Cun 4
~ded L7 the nNEWw perICrIdnC€ IDeasuleldelt SOLtwaie. whell we

nct evaluating the systez, we WiLt to < aLle tc rLuLn

.

(>4
“JP3 witr Lo overhkead iacurred oy the 2321t10ndal [Ico3r 235
CiLts ol tihe ferforzrance deasdleZelt s37ster.
15 accodplisned by rftracketlLj alil perfididahce  Z2asfidlelcelt
Soltware within speclal frejrccessor 1LStLaCtidns which
ailcw us tc inciude c¢cr 031t the _erLrIoraasce aeasdiclheLt
software Jdurinjy prograz cougilation. A Jefarniticn Zile is
cieated ccntaining flajs whichk are ased to deteraine tos
secticns of perfermance aeasuredeit code to be coapfiled. 3
coapiling separate versiors, we tnen have the caparility of
o

running MLES without f[performance 1easurelent Qverheal

cf the erfcrmance measurement sorftware for compirlaticnh.
Ccmrunication in M0BS is acconplisned £y r[passing
Tessaces., rrocesses which are resident in the same mirnicca—
pdter ccrmuricate bj usiug 1nter—process messajes, wille
processes resident in different minicomputers coomunicate oy
using inter-computer messages. Actions tdaken by the varicus

Frocesses ir ADBS are initiated Ly the receipt of a e

tn
n
[a¥]

o
19
.

Acticrs end when that aessaje has Db2en processed and an
resultant messages have been sent. As a zessaje 1s received
y a frocess, the action taken Ly the process is degeriert

E
¢n  the messa,e orijination and type. The Jeneral MIBS

grocess jrcceluare nierarchy is showo in Figjure 5.1.
The hijhest level of this process 1s the zain froce-
dure. This procedure receives tne next message ard rased

Ugorn the€ ¢rl1ylnator ¢t the Tessije, Cdaiis a sub frocedurs in
tne pICCe€dlre hlerarcny. Theé messaje WOLKS 1ts W#ay dcwh this
tree of sut precedures base<ed  upon tae  orijinater ¢ tine
Iessdaj€e  arnd tne messaje  tye. Jltinately, tiue 1ITessaje
Arri1ves 3t 4 Messda je-nalLlilln) proced ire (messSage hanllelr).

The tes:zaje sandler has the responsibility of jrocessin: the
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Figure 5.1 The MDBS Procedure Hierarchy.
4
]
. . . .. . : Y
ressace. In doirg sc, 1t may cali other proceddres 1Cwer 1o p
the hierarctly. MDBZ's amessage oriented apgroach ndturally
lends 1tsel: to ckeckpoint [iacement at this level.

Selecticr oif aeasurefent at this level zrovides the isec

-

witn sufficient processing detaiis wnile &rwot overkurdenirny

the wuser with excessive infcrmation. A ranjze orf six to
twelve cleckpoints maj be instailed 1u each 4D35 rrccess at )
{ tuls level. The general aggroaca to the instailaticn of 1
r’ checkpcints 1is shown 1in fijure 5.2. In this 1installaticr, we Y
: insert «creckpoints tcth Lbeicre and aiter every aessayje ;

! handler. As a result, we cibtain thne time cr entry 1ntc tac
frocedire and exit froxz the crocedire. <Iie diziferences 1
o tetween these times is the tizme 1t takes *to frocess th= :

I=Ssace.
. ;
¢
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Flj;ure S.Z T.e MDBES Procedure Hierarchy with Checkpcinpts.
Yeasuring at  tnis level presents One pProOLi€l. Lhe
SY5tel  CLuGks are not sufficiertly refincd f2r  the

£s31r; sgeed of the message-handiing routines. Tne clcck

=

LF-11/44 measures tilae in 3iscrlfete t1de intervals o-

o
a o m
3

o< sixtieth of a seccrd. Tne clcck on tae Tax—11/7&0

JI-s5 tiawe in discrete time 11nterivais Or  OLly  Ihw
undredt: ¢r a secornd. In any jiven tlle 1LTe€rva., thae

SOLUANCe J€dcoslelent

N

r
Twilc, Tnis Ieang that access La; OCCULl €XaCTly wiel i

irreival 1s reccrded 'y fre 573ted CLCCh DL diahwl- 1.

]
4




Letweern the recccdiny oI a tlme  interval Ly thg  SysSTeln
CLICK. F€LadsSe 0 this JOondition, toe variance 2L tone ©1iI4
IZeds3Ureielit woull L€ approxizatel: tWice the SI3liest

irtervai. Inls variance is signiZicant when 1t 1s ccaofazes
to the tlre it takes & aessaje-aaniling rouati:c

e
TeSsace€. A Zethod must be develcpeld to r£educCe tais variance.

Tne scluticn 1s to send multlifie Tre dests L0 the Hessale—
ranilir¢ rcutirne beir¢ timed, to rcecord the tiame Zlr cac
re juecst nd then tc compute the average O tie rLeccccel

times, thereby cbtalring a acre accurate ITeasur=acLt CI the
tfue [Irccessing tiae.

In crder to kXeep overhead to a &inlaud ani tc s

b

-
19}
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tne p€ricriancCe deacsureaent systen extensiile arnd =i

[
[R]
ag ]

we lecile tc place alnimal jerfioroance Leasurekent €oisware

in ar MLZS ;rocess. M processing of test data is dcorne i az

MD33 frocess. All test data 1s sent to the test—interiace
routires <£fcr agjregyation and stora ;<. Since ACZIfS  Is <
Lessace—fased syster, measurerTent control messajes and test
data are transierred as messajes 4tiilzing existin, MIZS
ccmaunicaticns rcutires. A differentiy—-oriented systez, suc:

as prcceldure-oriented, would rejuire a Jdirferent a;rrcica to

feasurerent software comaunication.

The installaticn of the <CheCxpoints reylires that i
retincd e devised to ccllect the inforamation obtaineld bv tae
checkpcirts. The infcrmation could Le stored locally, trans—

ferred tc a central steraje lccation 1L the DILLCCTiUlel OoF
sent to the test i1nterface for storaje. In crder tc reluce

the sjysted cvernead irtroduced t; messaje passSiiy we deter-—

TiLe tnat the temporary iocal storage 0L datl wodld L€ ocCst
€efficlent. As pointed out previousi;, ocne OL taw Constraints

flaced u on the implementatlon Of PerZdradLCe IT€iSUTedert Lo

tae virtual memory sSpece availasie 4t the Lackenis. Jtcolage
t Fj

CL “he test Jdata jenerated Ioca tne JCheCKPOLILUS wolll hLave

to Ce large enonjh tc contalpy sdfflcient tlaln; 1RICL24Ti0L

s}
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e e w e aOL A
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ard scall eroush tc reside in tihe constrained virtual
IEmOLy <Sface available to a fracrend process. 7oL CuUr tining

Deasurefents, the ugfer Lourd ¢ tae niluber OI LejUuesSts SchLt

ts

1

to a rmessage Landler at one tiaze 1s IZ14ea at crne hurndred.

ctacr wcrds, We assule ti.at Ieasuring a jiven funCcticr ICCe
tacan 10) times wiil Ict [preovide & statisticaily sijrificast
difrereace over measuring that same function e€xactl; 100

times. Giver thils uprer bound, we Jecide that a static array
cf 20C reccrds woulc be small ernough to Z1it in the virtual
pemory of a rackend [rocess, gyet larje eLcUjL tC acid 4
sufficient amount oI test data. Fijure 5.3 shows the gercral
apprcach to the placement of the periormance 1Qeasurcient
routine {Iimer) which is called Lty the ChecCkpolnt, accesses
the system clock and manages the static array.

Ancther guestion that rust be answered is the Tanner
in which tie checkpoints are activated. Shcuild we activate
cnly c¢ne «creckpcint at a tize or aultiple <checkpcints at
crce, A€ determine that activatirn, more than one Che€CKfcCiLnt
at a4 tine cculd intrcdéuce errcr into taie measurenent. II cns
routire ({A) which 1s teing measured called another rcutine
(B) which is also being measured, the time necessary to 10
timing az€asuredents cr (B) wculd increase the total ruraing
time c¢f (A). Because of this we only ailiow tne measureccrnt
cf cne rcutine at a tiaze.

Tte desire tc provide a user interface which 1s easv
to use ard reguires rc particylar xnowlelge orf test inter—
face izylementation leads wus to develop a aernu-drivern
systed. lhe modularity of the ferformdance measuleacnt desijrL
lends itself to easy access via menus. Tioe @aenu-dérivern
system 1is also compatitle with the existiny test interiace
syster.

The £inal gprcblem is hcw to process and cstcre the
raw test data received frca the variols Lrocesses. We

reguire that the wuser Lave access to betn raw data and
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m. Figure 5.3 The Procedure Hierarchy
p with Checkpoints and Timer.

sunmarized inforzraticr. Also, wWe reguire that tne Jjata Le

availarle fcr Zurther macaine frocessiuagy. lhese prcklers are

- €linirated ty maintairiny all collected data in files. dler

- raw data is received frcs a prccess it is immediately storeid
ir. 4 f1i1le. Once all re,uests whicn are to be tiged have

f finisted, the file ccntaininy the raw data 1is accesse? and

,. Frocessed to produce another <£fiie containinj surrarizeld

: informaticr on the various message—handling routines wiicu

;

[ nave Le€n measured. A history of this 1informaticn 1is

g
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compiled as the uanderlying cperating systea ( OL tie zirni-
com uter wnere tne ccrtroller software resides ) creates Lew
versicrs of tanese files each tize the Gaoeasuredent (rcg¢rars

are irvcked.

2. 1ke Modiifications o:r the User InteIfice

——_—Em RS s el —_——aaaa

Fricr to the iaglementation O the perforITance reas—
ureuert zetlroloicgles, the test 1ateirace process cchnsistel
CL thcse [rograms necessary tc gyeherate a test Gatarase,
load a test database and execute rejuests ajairst the test
datakase. Tne implementaticn cf pertormance Mmeasurecent
software within tne e€xistinj scftware structure of tne test
interface is accoaplisned ty exgcanding the existing hier-
archy ci control and by integrating periormance Qeasurerent
coftware with existirg test irpterface software. TFiligure £.4
shows the test 1interface procedural hierarchy with the
peciocrmarce measurement modifications.

The user selects acticns to bDbe performed Ly trav—
€rsirg a tree, At each node, a decision 1s made as tc the
path tc fcllow. By fcllowing certain patihs, the user nas the
caparility to generate a datatlase, load a datalkase or
execute the test interface. When the user decides to execute
the test interface, a decisiop is then made as to what patkh
to follcw c¢cn the test interface sub-tree. The user nay
choose a new database tc work with, c¢reate a new 1list of
traffic units, modify an existing iist of traffic units,
select trafifiic units from an existing list for executicno,
select an existing list so that all traffic units cr the
list may ke executed, display the results of exterral ceas-—
uremert ¢r perform a combimation of internal and external

gecfcromarce measuremert. The user may traverse the tree at

variety cf tasks.
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will mcving wup and dcwn the tranches to accomplish a wide ¢
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The "D3S8 software in the test interface cortains a

rrocedtre, cailed by tne other MDES procedures, to execute a

rejuest (transaction). That 1s, tc forward a regquest (trdans—
acticn) to kejuest treparaticn for processing. This jrcce-—
dure i3 selected fcr the fplacement of the external and

interral gerformance ®measuring sortware Dfecessary tc time

L

and ranipulate reguests. Exterrnal zeasurements are taken

from tnis prrocedure immediately before the reguest 1S seLt
to recuest rreparaticrn for [fprocessing and after the results 4

are returned from Post Processing. Software 1is added tc tzis

. J

_

procedire toc generate reyuests to the MD3S [processes whickh

initialize the messaye-handling routices for 1intermnal

SR Sustins Al les Tait 2 Ntk S 0t

recfcronarce measurerent, jenerate muitiile, identical
requests ir crder tc reduce the timing variance (as fprevi-

cusly discussed) and to generate the test data ccliection

2.

pmessage. The number of multiple —regjuests to Jenerate is

frovided tc this rcutine by a variable defired at corpile

time. 1This procedure receives the information necessary to
accorplish these other tasks Ly sharihy a first-in-last-cut o
stack and a pointer to the top of the stack with the
perfcrrance measuremert software. The evaluator interacts :
with the perforsance nmeasurement software to puild a stack
ol interral perfcrmarnce aeasur<ment rejiests. This prcceduire ®
then draws from that stack, ipitializes the [essace-
bandlingy =rcutine selected Ly the evaluatcr, jenerates
rultiple ccpies of tke MDBS rejuest selected Ly tLe evaiu— '
' ator, arnd dJenerates the reguest necessary to coilect tae o
test data from the [frocess which «contains the —ressace—
1 handler fteing evaluated. Figure 5.5 snows the relaticnship
f Yretween this procedure and tkhe performance measurement s<ort— 4
. ware and its data structures. §
In addition to externail system tiainyg, cther T

perfcrrance measuremert functicns provided by the rnew scft—

—

ware include routines wnich allow the user to 1) <select

t e T S -, . .. g PN U S S a - - A P,
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Figure 5.5 The Felationship of the neyuest Executicn
and the Performance Measurement Interface.
specific MIBS messace—nandiln: rILoutiues to  Le tizeld, )

select all message—-hardilng routines #itnil. a , .ules3 *) bPe
timeéd, ) restrict the timing OI LdaJrend desoaje—n30C¢L1n
routires tc a specific backend cr bacaends anil <) i=rioru
] any ccakination cf tte aforementioned Seiectiolns. The LEW
' Ferformance measurenert software a.59 InCiudes C[21tiles to
e contrcel the tiging scftware witiih tue MIES [ICleines

collect raw data transierred to the test interface [rc:t

frocesses within MDBS, process tue ZiWw Jata into sumaalilel

form and stcre thne data for future use. Cther roudtines are
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intocduced 1nto existir; test interface sortware to ai1d 1o
tiie D€S3AGE—£aS3S1nJ I€gyullielIents OI the [eLIOLMALRCE Icaslie—

DIent systen.

. Zihe Modificaticn of Individuaal 2rocesses
“he PCL frocesses within MOES are molified tc p4ass

fertcrrance teasurenert nessdgyes. ALl 0 the remaining 4IBS

frocesscs received identical wcdification. The send/receive

porticrn ¢f£ every prccess is @podified to include tre ca a-—

Eility «¢f crocessirg ferfcroance Mmeasuredent MmessdyesS.
1

Sendsreceive 1s used for 1inter—-process messaje [fas

ln

(I, \(4

L

n
n

13

Checkpcicnts are placed 1n the MDBS5 processes 4t the ae

-
i

L;A

ndlirs (lcw) routine level. A timer routine 1s rlace

ct

ha i
€a Frccess which receives ccntrol nessages fror the tes
e

interzace. An iapitializatiop messagye causes tne tu

Lo}

[N

routire to initialize the data <coilection array to zerc ac

turn cn a selected checkpoint. As MDBS—generated messaces
Fass thrcugik a check;cint, the timer routine is called. The
timer <rcutine accesses the system clock and stores tie
messace type and time in an array. A completicn message froo

tne test interface causes the routine to transapit the data
coilected ip the array to the test interface and tc turrn cf:
the checkpcint which is timed. Fijure S.6 snows the mciéifi-
caticns rmade to the directcry wmanajement [rLocess as akn
€xan;ple cZ the irplerentation of the jeneral modificatiors,

srown in ficgure 5.3.

4. S Hesolved During, the Implementation

i
1

[
178
ltn

ML

to

2 1s an exferimental dataosase machirLe. As such,

n

-~

(=]

urder constant modiiication and subject to use Lty aany

t
yster Zevelopers. The MDBS software engineerirny envircrmernt

n

v

AL

. W

N

%
requires that versions be used to control program mcdifica— )
tion, Ltut 1t .s impractical tc create new versions cf AL3S
€very tli= & single jrogramc is modified. One solutich we :

)
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Figure 5.6  Tte Directqrg uanqgement Hierarchy
with Checkpoints/Software.
izplemented is the raintainance of an  in-use Iile. when

somecne desired to mcéify a gprcgram, tae€e prcyrand is ccpled

to the leveloper's private work sgace. The develiCjerl rakes
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aL entry in the 1n-use file wWwhich 1lndicates who is currently

modifying that carticular progyrar.

develcper tc modiLy a grojram, cOoa

Tnls petiod allicwed the

iie and test the gciizi-~

19
caticr ir ar environment awav from the mair MI5S edvircrlent

{ 1in crder tc

avcid ccrmpromisaipy a runcticnal systenr )  aad

returrn tte program tc MDES upch completion or testing. 7Tris

tethcd avoids
modifyicg trie
time is also

tauis. Much cf

Feakx hours such as late evening and weekends. This 1s neces-—
<

sitated cy th

accomplisked in a stand-alcre environment.

contrcller

is isplemented oL a

the possibiliity c¢f two developers cConcurrently

sate prcgram and the ensuingy prebleas. HYachiae

at a premium. There is no easy soluticr ier

the measurement must bpe conducted durinj ncn-—

requiremert that tae aeasurement c¢f MJE

€
Since the ML3S
time-sharingy systen, the

o]

entire machine has tc Lbe reserved for perroraance testirng s

that MLDRBS cculd ke rur in isclation.

The perfcrmance measure€ment system places additiocoral

demanés ¢n MDBS sSystenm message-rassing software.

cne tase,
pected lcad.

ftackends are
interral

Frocess to

Fe€riormance-measurement

the contrcller.

Excert for

the system respoands without protest to this unex—

routines of the ML3S
handle the

The message—fprccessing

not designed to transfer of 200

messages from & rackend

There 13 not sufficiernt space

available tc store tie pointers rejuired to access thkis gary

DeSSACES.

The MDBS frograms are

easily extended tc accouat

for this change in message trafiic.

The MD3S

under a

cperates

ccrtroller resides VAX=11/780 waic:

Q0 a

time-shariny mode. When inter—ccafpiter

messages are passed ¢r the PCL, tae Operatinj sSystel eijecto

a confirgat.ion

proklems occur

lar ;e apessaje
during

alloted tc

PR . W) .

lrternal aedsurenent

withir 4 certiain tiae 1nterval. ¥aile LD
Jurirj; taoe normal operation  of MIoZ, T
traffic Srom the Lackenis to the CoLtlolier

ey ulrl«<  30Ce tade tlar  coat
the ccrtrciler luraiiny Lto ydantia o orn ot
£e
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Sult 15 tnat troe COLTICliel 7LOCcsses On

[

18

VaxX-11,7¢3. The r

o)
[{#]

tie VAX ére¢ susge

—

¢ while the racxkeand 1s stll. trarszitin
over tie FCL. when tle PCL reCelves L0 L[e€SpOLSe it sS1453i3
4L €rrci and atorts. Obviously, this 1s not a prcilex wiern
tie MIES systea runs staad alcne. However, SJ4CL arcIitliorn
does frcvide more than an inconvenience diring toe lfplexen—
taticr ¢f tre perficrrance measurement system.

Currently, MLES utilizes two Jdifierent tjy.e ci Tiri-
comzuters. Thls translates 1into two different o <crating
systens, twc difrierert text editcrs, two Jdifferent cozpllsrs
and twc different <system clccks walch record tiges in
differing urits. Because of this, gperfcrwmance progrags in
ti.ie ccntrcller processes and tne hackend processes are rct
identical. Difrferent access mechanis@s IL[OrF system timers
tust te developed and a routine must be aeveloped tc ccrnvert
toe tiges received from the kacxkends into the ecuivalent
time urits cf the ccntroller. Additioral tiae arnc¢ eficrt
are reguired to teccre suificientl; knowielgeable 9orn tae two
systers in crder to tegin implementation of tie pECicriarce

seasurercent methcdolcgy.

E. TEE MODIFICATION CF THE MDES TEST ENVIRGONMENT

In ccnducting perfcrmance measureaents, one Jemandis trat
all the reasurendents e consistent as well as repgrocucicie.
There shculd Ee no 1nconsistent, unexplainable results.
Further, tlke results should Le reproducitle with re-ru:-s.

Tnls secticn discusses the nrecessar; changes 1in the test

LR

envircndent to insure consistency and reproduciblitv.

m
)

o .

.
4

ot

we jpresent the software tocls used t3 maxe tne testl

L

€dsier ard smoother.
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e Iast Zaviroaient
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10,
fet

The zethcdolc.les for internal 4and external p<rrora-

AR b b bndi0

ancy feasuregents orn a Jatarase system ave One FLELE;ui-

- . . . 1

Site. Trte results rvst Lot LCe accicental. Taese resules 4

reed t¢ e consistert anu rerrcducible. To achicve CCrL=13-

*_ terncy and reproduciltlity, we must Lfe able to ccntrcl tac
(

test erviroraent. Every scientifii¢ experiment requires ti

O
acbendutiionbes.

q test  ervircnment to Lte ccrntrolled, to i1msure taat all
factcrs eftfecting the exgeriment are known. X

Trhe experimental MDBS, the systeam to ke testel, La

[{N
ko

its ccotrcller frocesses running under a VAX/VMS ernvircn-—

pment. This reyuires these [prccesses of tae controller to bLe

e

rua sigultaneously with the other ©npoa-system processes in a

tizesharing envirouzent. Under tais environaernt, the
resulits olbtained would te erratic and inconsistert. 7o
aileviate this, several preliminary stegs are taxen fpricr to
final testirg. Tne tests are run stani-aione with ail cthrer
logyirs tc¢ the <ccaputer disarled. Al. processes are civer

tie Lighest possible real-time prioricy. Swappiny cut cf

Froce€sses 1L the wait state is Jdisabled to retain the
Frocesses irn the physical memory. Pagye faults are disafled
ty increasirg the working set size to the size of the 1zaje
cf each prccess. In this way, the VAX{/VMS systea a,pears to

tne evaluatcr as a single user systea. ]

2. Software Tool

tn

v*vv‘t'f'THV
@,
-

£or tae Test Environment ;

‘e

4n evaluator should wunderstand the syster tc be
tested, determine the varicus paramseters to pe altered, j
specify the various data to re coiiectad, and intergpret the
results. Tedious and tusy work, such as modiiyisng the input
! set cr the system ccrfiguraticen, «c¢an e done rmanually and
! are time-cchnsuming without gro,er toois. Nevertaeless,
' these modificaticrns are necessary, and can fe autcrated oy

using software tools.

cd
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In {Ref. 9], soiftware has been jrovided tc gjenerate
a datarase ard a regiest set, lcad tne Jatarase, 22 UL Thoe:s
Leguéeést set ajainst the aatakase walcu can ail pe used in
the testirjy of MDBS. This allows <for e€asy creaticn ani
rodification of the selected database anld re,uests, The
systel scitware needs to be mcdifiea duriny tae testirng to
accomrciéate such thiogs as charngjes in thne rnudier ¢i racreris

reing used ty the systea and whether or not internal testin

LV

th

is tc te feriormed. Tach chnanje Leyulires a recomj;ilaticr o©
the =syster software. Z0 facilitate tals chanj;e and to
insure «c¢nly recoeapilation o©oif necessary <fiies, +the Uric«
'aaxe' ccmmand is used. Briefly, execution Jf thls ccizand
would creck a £ile created ky the autnor. ihis Zile wouil
indicate all interdegendencies of all files of MI33. If a
file tas Leen changed, all cther <files effected <y tuls
change will automatically fke recompiied arnd relirnked uajon
executicr ciI the *'make' command. Ir tnis manaer, the systex
could ke reconfigured witi ease and with tae assurarnce trat
all effected fiies are chan jed. Jsing these solItware tccls
for the test environzent and with proper control oI tae test
ernvircrment, tne tests are aade easier to conduct and

contzcl and are knowr to ke copsistent and reproducitle.

C. ALCITICNAL MEASUKRKEMENT SCFIWARE REQUIREMENTS

In «crder tc ccaopletely evaliaate MDES, tne 2essage
Fassing mechanisms must De acnitored to deteraine the tiae
reguired tc rpass kcth irter—coaputer and inter—-prccess

gessaces. Although the measureaernt of these messaces cculil

b

m
Lo}

19

cccur during th execution of 4LBS, the environoent u

»
-

[4]]
’_4.
F‘

whick tle @messages are fpassed couald ke 10Le €3

a

w

contrclied 1f the messages are evaluat=d outside c¢cf the 42

envircopment. The results of these measureazents are ccntalirned

ia the next Chapter VI.
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1. Ipter-computer

lessage PLoCes3AL; feisurelernt

vew software Jdoes not nhave to Le Joevelopel to
rcasure tle time reguired to fass aessages orn the (L.
Frojracs are provided Ly the pmanufacturer of toe 2CL weich
Teasure the messaje—fpassing tire. The evaluator is
capakility cf specifying wnich pcde on the 2CL 135 tO recelvs:
the message, the message length arnd tne rnuakter orf Tessa
to send. The software generates and sends the messages, thern

grovifes tlke total time t¢ transmit the @messages t

(L

¢
evaluatcr. The PCL is iaplemented as a ring tus. EBecaus

o
his style of ia.lerentaticrn, we Jdecide to send ressaje

Ui

from cne selected node to i1itself. The tines cbtainecé are arn

upper ftound to the irter—coutputer message fpassing time.

-

2. Inter—prccess Messaje Erocessing de€asurenent

Ercgrams are written for the inter—process ressaje
[rocessing 1easurenmenrnt. 7¢ deteraine the time regquired to
Fass a azessage, Wwe developed two proyrams. The {irst prcjraa
gets the tire, Jjenerates a selected nuaber 0I Dessages witl
a sSelected nmessaje lensth, ard sends tham to a seccnld
Erogjrar which receives the Iessages and then gets-the tize.
a€e run the first prcgyram at a hijaer systen priecrity tran
the =secced to frevernt the system froa process switching
tefore all the mescsaces nave Leen generated. ALter jenera-—
tion cf alil messages Ly the <first projram, we then set the
systep pricrity of tke sending program Ltelow that «c¢i the
receiving; grogram, tterek; forcing a process switch. %We can
then ccazpute the average time it taxes to pass a siagle
messace c¢n the machirne. To otbtain a nijuer degree ci accu-
1acy we wust account for the time it takes the system to
switch jrocesses and the tiame it taxes the sSystem to alter
the priciity of the sending prccess. Projrams are writtern to

accournt for these timres. The program written to acccunt for

66
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tie tlle neCessary tc alter the  LOLOrity ef=ly  jets tiw

tilde, dite€rs tae yricritvy a selectel nuDie€er oI tiFesg, tlen
;= ts tohe tloe ajalh. Tnere arce twd pIdjyrads  oLeCei€3al, %0
SeteIIlne tie tlZc tC process swWwitsh. Tuaey ale identical to
tne twd frceraas merntioned abcove except that tne rnunber of
IeS3ages Le€tweel pLOCeSs switchin, 15 Set to one. Jtilazirn:

t.e akcve frojrars we aie atle to oLtall tne 1lLUEL-pICCESS

lessace—;assing  tilaes on Lcth  ti=2 EIz-11/44d and  tie
Va4-11,7€0. Tne next chajter wiii J1sCuSs the Seclectel
ts, and roceduces taxsen to UL toLs
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. 1BE BENCHMARK OF HD

I

The ccnstruction ci the test Jatavase ard tre selectiorn
CI C€Guests are vely lagortart in trne Lerformance LE€asiule—
rent ¢f a test databacse system. The test database shculd te
representative of a real datatase, but, as presented 1in
[Ref. 7], the test datarase sacuid Lbe wodeled indererdernt of
any specific datalbase. Both the Test Jdatabase anil the
reyuests selected shculd be properiy =modeled to allcw for a
complete exercise c¢f the target systen. At the saxe tiue,
faraceters must not ke selected randoaiy, tut ratcer sheould
fe created to prcvide the evaluator fiexability and ease of
€valuaticn. In this chapter, we first Jescrite tne TanLer
in whicn tae test database is mcdeled. Ve taern descrite tue
rejuest set which 1s wused in the perrormance GTeasSJLeE€IeEnt

€xperinerts.

A. TEE SELECTED DATAEASE

Since MIBS 1s ar experimerntal database systen, it is
constartly reing improved and enkanced. For this reascn,
tne test database is cesigned to faciiitate measureacnts oy
teing easily expandatle, A distinction willi Le made ir the
following discussions ketween the design of the test Jata-—
tase, which allcws fc¢r rfuture measurements, and the actual
impliemertation of the test datatase wused in the measurement
experiments.

1. 1The Desisgn of the Model LDatabase

Several factcis aust te considered in the design oI

a model catakase. Since tihe system being aeasured can te

configured with eitler one or two backends, the ‘'work!

Mtk 4 d
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reguired tc [rocess a regquest has to ve evenly divisilble to
accomzciate the use cf either one or two lfackends. ne
types c¢f workx involved are attribute searcuy, desc
scarch, cluster searclk, address geaeration ani tce retrieval
and selecticn of reccrds.

Takle I displays the three coniijurations to ke asel
in the perfcrmance measurement of MDBS. The conziguraticrns
have leer selected tc simplify the verification of the 4233
gerfcrmarce and capacity claims. These <claias are to 1)
halve tre resonse time by doukliny the numier cf ftackerds
and keeping the size ¢f tne database constant and 2) rain-—
tain a ccnstant respcnse time ty doubliing toth the number of
fackends and the size c¢f the database. As shown in Taktle I,
goin¢ frecm Test A tc Test B maintains a constant datatase
si1ze kut alliows the database tc be evenliy split tetweer two
tackerds=. Conversely, gJoing frca Test 3 to Test C Jcukiles

the size of the datalase at each Fkackead.

- TABLE I
The Fenchmark Comnfiguration

[- Test Nc. of Backends Abyte/backend

| A 1 n
| 3 2 { JeS5 n
l' T
l C 2 i n
T¢ ;rogerly evalilate a Jatapase systea, varicus
t IS 1

re.cold si1des neeld to Lte used. The sizes are chosen tased on

the £1CTe¢ ~¢ tiw dnit cf disk manajeuwent. In 40385, this is
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tte lcgical track, cr block. MDBS trocesses infcrraticn
froz tne secondary memory usiag a 4xXfryte liojical track.
Giver a flocksize of UKbvtes, we rCecommenc ccnsiructirg tioe
catalrase with record =sizes of 200 bnyt=s, +30 bytes, 1€39
tytes, ard 2000 Lkytes [Ref. 7]. This jlves a range oL 2 to
2J) reccrds [per Llock. This also creates an  envircraent
where fcur separate databases, corresgondling to the fcur
recordé sizes, must be generated and tested for each cornfigu-
Latlicr given in Table I. Takle II jives the corresigcrdin]

relationcshiyp between 1ecords ard L.icck

U

TABLE II
The Reccrd-and-Blcck Relationship

Fecord Records
. Eize per
ir Bytes BlrocCkK
200 o 20
400 10
L 1000 4

<009 | <

As described in Chagpter 1II1I, the target <systex
- stores reccrds in clusters. Five cluster categories have
teern selected for use in the creation of the zodel Jdatalkacse.

The distinguishing <characteristic of a ciuster categcry is

the numter of Etlocks used tc store the records ir the
] particular categcry. Table III outiines the si1zes of <ici
oL tke five cluster categorices. Cre fi1nal rote, the runter

of tlccks per cluster must Le even. Taus, wnenh the nuater

v-
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cf tackends is ircreased from c¢ne to two With tae numker ol
records ir the database remainingy constant, we are juaran-—
teed that each tackerd will have the same rnuamber of tlocks
per cluster. For example, when the cluster «categcry is
swall, e€ach backend woull have one block for the particuiar

cluster, insuring an even districution oI the datatase,.

o

TABLE III
The Cluster Arrangenent
[Clusters CategoryiBlocks/Cluster
small f 2
small-medium -i 4
aedium 6
medium—-lar je _] 8
larce 10
Ccmkining the data in Tables II and III, W€ can

construct a matrix cf data which represents the numker ol

recorés jer cluster category. Table IV, 1indexed using the

T

cluster category and the reccrd size, details this infcrrma-

tion. The numker c¢f reccrds per <cluster i1s olttained Ly

‘e

multiplying the Records/Biock results from Takle II Lty the

—v—y

corresgcnding Blocks,/Cluster results from Table III.

The remaining considerations when developing a test
datatase involve the specification of the Jdirectory struc-
ture for tlhe particular record type. In MDB3S, a reccrd
template, which describes the record structure is definedl.

1he record template defines thLe o©nunber of attributes in the

71
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TAELE IV |
The Reccrds per Cluster Category

f Number of Records per Cluster ]

— T [ A —1
(Record J l - i
Size (200) {400) (1000) (2C00)
1n cytes) |
TS ISz =Es===S==z==== ========-| _=Z=s==== =======:4L:=:::===
spall 017 8 4
C C - -+ -—
% % szall-mediua| 30 40 1o e }
S E | gmediuz | 120 60 24 ERN
£ g sediua-larye| te0 1 80 [ 32 [ 16 |
"y large 200 | 190 450 20|

record, ané¢ for each attriltkute, +the attrilkute name arnc the
attrilrute type (either integer or string). Given a recorl
template, the directory and non-directory attributes are
specified. For eack directory attribute, a descrigptcr t,re

and descriptor ranges are deripred (see Chapter III).

-~

<. 1lhe Implementation of the dodel Database

This section examines the 1implementation decisicns
made when specifyiny the test dJdatabase and the testiny
strategy. 7The current version of MDBS, the primary-rezory-—
tased directory manacement, stcres the directory tatles,
i.e., the A7, DLIT, and COT, in primary amemory. Giver the
grimary nesmcry limitations of the backend, we are fcrceld to
limit the variables nmentioned in the previcus secticn. Cur
first decision is to limit the size of the test dataktase to
a maxigua cf 1000 reccrds per tackend. Takle V disglays the
configuraticns which are used 1in the rerformance reasure-—
gents of MLES.

CAAE i

9, KAV

. /.

@
—

NP W P Y

. SRR




r"..‘ YT e T

¥ ey v

T,

Lamman o
-

Lam s ae g

v

g

- T g T T . Gl 4 o O SRR R SR S Zhfiee Tt . he S R A i A
. . . . . - . . R

TABLE V
The Mecasurement Configurations

—
PRI Q. C acK e€engs XeColus/ ZacCKkKell
TEST | N f Backends | R is/Rackernd
— 4 i
, A.EI 1 1 1000
E.E 2 1 530 i
| C.E | 2 N 100C
A.T 1 1 | 1000 4
1 E.I v 1 530

Five different system coniigurations are neeled ior
the MLBS performance measurenents. 7ests A.E, B.E, anc C.=Z
are conducted withcut interpal perforaance software 1n
Flace. Test A.E ccnfigures MLCBS witan one rackend arcé cne
thousand records in tlre test datarase. Test B.E cozfigures
MDBS with two backends and one thousand records split everly
retween the kackends. Test C.E also confijures MLES witn
two tackends, but, the size of the datatase is dcuktled to
two thcusand reccrds. Test A.I and B3.I are conducted with
internal ferformance software ir place. Test A.I configures
MDBS with one backend and one thousand records 1in the test
datatase. Test B.I configures MDBS with twe backends ani
cne thousand records split evenly bDbetween the backerncs.
Using tnese five corfiguraticrs, the verificaticn ci tie
MDBS fperfcrmance and capacity cldaims is simpiitied and tne
Ferfcrmarnce measurczent methcdoiogy oL computir, the
interrai mseasurerz~rt cveraead is racilitated.

Cur second decision fixes the record size at 20
tytes. The 200 byte record wmiuLlnizes the primarc; BETCTY

rejuired to store tle record template. In actuality,

[s9)

[

record of 198 bytes 1is used. The record consists cf

3
attritutes, each reguiring € Lytes of storajee. Tie reccri

~J
(a2

]
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used 1in is shown ir
the 33

attributes.

template f1lle
6.1. Ct
directory

OUr €X €eri1lents
attributes listed,

r T
INIEZE1l ané INIZz are
40L 11 a n

and STRJID to STEIS
directcry attributes.

I cur next 3decisiorn, the <descriptor types and tne

descriptcr ranges IN1z1

aad INTEZ,

fcr the twc directory attricutes,

are defirned ir the descriptor tfiles (see Figjure

€.2) . The wvalues fcr INTE1 are classiriled by using five
tvpe—-A descriptors, e€ach of wnich represents a range c¢i 2u0.
Tihe values rfor INTE2 are alsc «classified using type-a

descrijptcrs. The £first twenty—tiree ranges Ior INTEZ ccver

40 values, wito the last ranje coverinyg 80 values. The

ron-unifcrmity of the INTZ2 descriptor ranzes is caused Lty a

¥
-

€ize cconstraint 1in tte Concurrency control process.

- - - - Dt
Attrirute lame Attricute Tyrpe
—_— —d-
INTE1 inteyger
INTE2 iateJer
MOITI striny
STEGO string
STEQ1 string
STF29 string
|
—_— PREQEESE— |
Figure 6.1 The BRecord Template File.

Fy utiiizing the at trikute and descrigtor files, the
INTE1 and INTE2

tein¢ the next seguential numker

record £ile is jenerated. are ildentical,

after the previous record,
startinj; at 1,
(INTED,

record woulid

100°2. Ihe

Tnerefore, the one tnousardtn

have tie INTE2) set to *yITI

pair

attrikute, which is cf type character string, 1s set tc Cae
for a datatase of orly 1000 records. The intent of this
attritute

74
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The Record File.

Figure 6.3
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is t¢ ircrease the rumLer ct
dataftase. This 1s dcne by set
€tc., fcr each (INIET, INTZEZ £31r in tae Catalase
Therefore, tc dcuble the size ¢ tae Jatatdse, every |
INTEZY fpair will have anL assoclated XOULT attritute wateo
vaii€s oL Cne and Twc., The remainin, attrizcutes, Sik
STR29, are set tc Xxxxx as fillers. Figure 6.3 depicts the
general laycut «crf tlke record file Zfor 1000 reccris wicre
FULII is set to Cne.

Given the stivcture descriced, our last decisica is
rade for us. The specification of 24 descriptors fcr the
INZEZz attritute, ccupled with the record Zile structuare,
gencrates a datatase that ccntains 24 clusters. Tke first
23 clusters correspord to the small ciuster <category, arl
each ccntairs 40 reccrids. Tne last ciuaster correszcnés to
the small-mediuam cluster category and contains 80 reccris.
To mairtair consistercy ir the retrieval regyuests (discussed
in tbe pext section), we avoid any rejuests that access tie
last 80 records ir tne test database using the INTE

attritute.

E. TEE FECUEST SET

Tkte recuest set used for cur periformance measur€rert is
Ggiven in Figure #6.4. Ine retrievals are a &ix of 31251e oOrC
double rredicate reguests. Since the majority of the wc¢rk
done c¢cr a Gatabase is to retrieve ddta, we lipit the meas-—
urenents tc only retrieve reguests. In every reyuest, 1/2
CL the tarjet attrikbute values for each record is returned.
The first retrieve is a regqguest crLor only twe recoris f£ron
twOo separate clusters. The second rejuest retrieves 1,4 of
the cdatatase. Seven of the 24 clusters must ke exampined.
All recorads in each c¢f *he first six clusters are retrievei.

Coiy 1/4 cf the ceventh cluster, defined by the rarge Zrcnm

7¢

hedd i 4
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-—Feigg;t Nunter | Retrieval reguest _]
_______ 1 (INTE1=10) or (INTE1=230) % J
- 2 1T (INTE2 < 250)
T 3 (INTZ2 < 500)
_______ 4 T (INTZ1 < 1000

- 5 T T(GW1£1<200) or (INTE13301) |
o 6 | (INTE1<400) or (INIE12601)
'''''' 7 (INTE1 < 201) l ﬂ
- "8 1 (INTE1 < 401) }
- 9 (INTE1S207) or (INTE12800) | '
o The Target Attribute-Vaiues for Each:
(INTE1,INTE2,MULTI,STR00,SIR01,STROZ,SIRO3,STLO4,
| STECS;STRU6,STRC7,STROE,STR09,STRI0,STR1T,5TE12]

Figure 6.4 The Retrieval Reguests.

241 tc 280, is retrieved. In the third reguest, 1/2 ci the

datarkase is retrieved. Thirteen of the 24 clusters must le

examined. All records in e€ach of the first twelve clusters
are returned.
ty tke

searctes cnly

Cnly 1/2 of the thirteentn cluster, <Jefined
£20,

fecr records having

rarce frem 4€1 to is retrievei. The systea

values 1irn the rarge fro:x

481 tc SC0 in this cluster.
the
T“he firthk request retrieves 2/5 of the datacase. The ¢

The entire database 1s examined in fourta

1s Jivided into two frredicates, to obtain all records

the first five clusters, and +the last four ciusters. The

S1Xth reguest is a retrieval c¢f 4/5 Of the datacase.

to

Again

the query 1s divided 1into twc predicates, obtair all

records zIrcam the first 10 clusters, and the last rnine

clusters.
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The seventn and e€lighth recuests are siamilar in intert.

13
Tae severta regyuest €xan o1

ines 10 «c¢lusters, regairirtg cril
roa

record tc re retrieved IZrom the oth Couster ard neecir. ali
records frcz tae first five clusters. The ei1gat:h reguest
examines 15 clusters, rezuiriag only 1 recorl tc be

retrieved from tne 11th cluster and ne=ding ail reccrjs fron
tie firs ten clusters. The ninth and final —recuest 1is
similar tc the firfth reguest. 3ut unlixe the £ifth reguest,

ten additicral clusters must Le examizneld. Criy twc cf the

£3

Iccords with INTE1 values of 231 and 891, are retrieved L[ro:
the ten ajditional clusters. All records 1ia the remaiuing

nine clusters, like tte fifth rejuest, are also obtaineld &

this retrieval. Table VI, a presentation orf tae nuzker oi
clusters examioed versis ‘tue pgercent or the datatase
retrievecd, 1s a synopsis Of the previous discussicr in

tatalar forr:.

The request set in Figure 6.4 1is not 1intended tc rLe
representative of a ccomprenensive and complete reguest sct.
The gcal 1= nct to exhaunstively measure ani evaluate YDES.
Father, we ZIocus or agrlying the performance measurecert

netaccéclcgy to MDBS to valicdate the basic periormance ani

capacity claims c¢f tle systen. We feel that these reguests
are sufficient for stch a validatioa. We will retfer to
tnese rire reyuests, 1l.e., retrievals, buy thelr reccri

numter 1L sucseguent <iscussico.
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TABLE

Vi

The Nunker of Clusters Examined
and the Percent of the Database LKetrieved

.......

i ke juest T Numiber of Voiunme of }
Numter | Clusters Datalase |
| Examined Retrieved
1 T— 2 1 2 rezgrds
2 T 7 25%
3 17 13 50% '
4 1724 (a1 100%
5 9 49%
B L 303
7 10 20% 4+ 1 record
8 R 40% + 1 record
L 9 ] 19 140% + 2 records|
7¢




VI. IHE IEST RESULT

(%))

Irn tkls chagpter, we present the results obtaired Irou
the ferfcroance neasitrement c¢i MDBS. 403S 15 currently

coniigured witn the frimar y—-memory-—-based dJirectory Tara.c—

2ent. Ip tuis versicr of MLCBS, the directcry tatles, 1.¢€.,

(e}
1
q‘

tre A1, I[IZI7, and CD1, are stcred in tae priaary 2en

eXpect tc achieve Jdiiferent results wherL version I, o=

tr
3

seccncary-nemory-based directory manajement 1S laplemelLtcl.
Tne test interface 1is wutiiized to send the retrieval
LeJuests discussed it the [frevious cnapter to ML:ES  for
frocessirg. =2Zach reguest 1is sent a total of ten tigzes e
database configuraticr. TLe response time O €4Ch CE€CJESET 13
recorded. After some trial runs, we compute the stardard
deviaticr. We determiLe that ten repetitioas c¢cf each recuest
is sufficient to provide the desired accuracy.

The internal prccessing times of the 1essaje-aardiing
routires which are tsed to prccess a retrieval reguest are
also timed. Retrieval (1) and setrieval (2) are selecteil to

conluct internal timirng. These reguests are selected since

Cu

they retrieve the smallest gortion o0 thne test gatafase an

the frocessing time fcr each reguest i1s aminimal. Recall that
€acn ne€ssage~handling routine is timed independently cf all
cthers ard tndat each routine must process multipie Ie_ uests
o tnrat an accurate average ray be computed for the tine
required tc¢ process that reguest type. Sixteen Iessaje—
handling rtcutines are reguired to process a ILetIieve

rejuest. I1f we send twenty reguests to €aca routine, a total
cf 32C regyuests aust De processed Ly MDBS. Basea cn t

fijures, the tipe recuired tc ccnduct tie internal <riora-
ance feacsurement of a retrieval tiat sas a response tige ci

twenty =seccnds will Le agpprexiwately 107 minutes. Thls
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fijure Jces rnot include thne adalinistrative tilZe [e.JdiLlvl tO
grocess the internal reasurement data. For tonlis reascn, we
liairted the znterral jecrforazance asdsurelbelt Zeguests  to
Fetrievals (1) and (Z).

Ac¢diticraily, we also lizited the rnugler or repetiticrs
Eel Kessage haudlier tc twenty. Tals 1s acne to reduce the
ELOCEE51Iy tlde fer nmessaje hapdler. However, tiois Jecilsio.
rcduces the accuracy ¢ the interrnal ferforzance reasure-
ment, Zrcx ten—-thousands tc¢ runiredtias of a sSeconi. TLuS,
Le 1internal fperforzance mze€dsureaent tlaes ;rovide <ol

Iouja e€stimate of the tiae rejuired to handle tie resgecrive

(Yo
a2}

IESSaces.
Tke first section of this <chapter contains the exterral
timing results cbtainel £frcmk our aeasureuents. we al30

discuss the performarce and capacity iagroverents crtelred

ty adding tfackerds. In the second secticn W& prescent toe
results frcx internal perfcrmance aeasurezent. The fairnal
secticn examiaes tre lnter—-grocess and 1nter-coxgpuater
1eSsaceé [rccessing  times. Cne final LOte, tie ULlts o

IcdSurerent presented in the tarlies of tais Cchajpter are

€xpressed 1irn seccnds.

A. TEE EXTERNAL PERTCRMANCE RESDLTS

Table VII prevides the resuits of tne external gerfcria-
ance feasurement of ¥D5S without the dinternali rericriance
Beasuremert sortware. Tnere are
Each part contains the amear and
tne respcnse times fcr Zetrievals
cutlired in Chagpgter V. The three parts o5& Taiie V11 CepLe-
sent three Cdlfiferlent cOLIljurations Of the MIZS Lardware ani
the Catarase recorl cacacity. The Zirst part  as Al ES
coniigured with one tacxxend and the datalase loadel wit:

1300 reccrds. The seccnd part nas 40585 coufijuredl witsn two

e
-
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TABLE VII }
The Resgcnse Tinme._ |
Withcut Internal Performance Eva.uaticn Softasare i
i
Orne Backend ‘i Two 3ackenls || Two 2alxernis }j
begdcst 1X Reccrds 1X kecoris i 25 RrRelczls L
Numzer | -——+ - - —————]
| mean | stdev| reas | stdev Tcal ; Stiev]|
t - +4—= + —tt———————r———— i
| 1 j 3.4081C.C189]l| <.051)10.2323 ¢ J.JD‘.‘J.OLS‘i"
1 e ——— e . e e — — — 1
z f 12.€91 C‘JZSSIT 7.511[0.2335| ] 1~._~3;J.C1:5if
——— 4 + ++ ———tr— oot I
3 26.49210.02&44i 1d. 164 0.0205% | _c.7,7,u.vu,iii
4 52.005]C.C539] | ‘e.saéio.3294” 52 1/,;:.3-3c1§

- - 44 —_— —_— —_—— i ——m . ———
= 21.uu9Tc.o33e*{ 11.309]0-0375]] 21.55012-0227 f]
-— + - —+ +—— -——+— — 1ttt —=
¢ ] 42.235]C.C326 i 1.1.0‘4213.3444]-!—__J‘_..,\ﬂv ¢<Ju|]|
- 4 — 1 — = +omm—=={|
7 I 12.235 c.ouos;i 6.662{0.02851 | 1;.34713.:;71%{

- p —— —++———_-.L _____
e | 22.532{C.02%6[| 11.764 03398 [] 2152500110,
S T'23.913 C.1115]f 12.62410.33537| “Q.leEC.31a {

e e e e e e e ———— e e ————————————— e = ——d

|
|
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tackends, with the database ccntaining 1090 reccris, splitc
evenly retween the tackends. The tairl part aas Y338 corniij-—
ured with two backepnds, with the datawvase courlel 12 2420
records, also spiit evenly Pretween the bacxencs. In Tatlce
VII we nctice one data anomaly, the standaca d<eviaticrn lor
rejuest (S5) 1in the cne-backend-with—1JdJ—recoris cornil
tion. Since we dié npot ccnduct an .aoterLar  [EerIOLIANCE
Leasurerent on this request, W€ are LOt SUure woat Cadses
tnls skewed standard deviation, aad aence Will LOt atternpt
to cffer an explanaticn of this anomaly.

GCiver the data gfresented in Tac.= VII, We CanL  LGw
attemit tc verify «c¢r disprove the t40 MDEI3 ferIcrsarce
claims. We teJin by «calculating tne res,ons<e—‘*iih€ 11IfLOVe—

t

ment cf MDES. The resionse—time ipproveient 13 delined to ce
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The lesgonse

Time of
Conriguration 4
f Tle L 4
| Fespcnse—Tine = 107% - * 1007
| Izfrovement | r
L 4

The Response
Time of
Configjuration 3

Figure 7.1 The Respouse—Time-Improvement Calculaticn.

tne [ercentaje imprcvement in the —response time ci  a
Iejuest, when the 1reguest is executed in o Ltackends as
cpposed to one tackend and the number of records in the
dataltase remains the same. Figure 7.1 provides the fcrmula
used tc calculate the resicnse—-tiae 1mprovement Icr a
particuiar rejuest, where Ccnfiguration B3 represents n lack-
€ends and Corniiguraticn A regresernts one backend. Thus, ir
Table VIII we present the response—-tiae ilmprovement Icri the
data given in Table VII. Notice that the <rCespchse-tize
imprcvenment is lcwest for reguest (1), whico rerreserts a
retrieval cif two reccrds of the database. Cn tne othker hang,
the resjcnse-tine improvenent of rejuest (4), whicnh
retrieves all «c¢f the datakase information is highest,
apprcaching the upper tound of firty percernt. In general, we
find that the Trespcnse-time improvement increases as the
nunter of records retrieved irncreases. This seens to supgcert
a hypcthesis that ever if the Jdatabase jrows, the resgcnse~-
time improvement will remain at a relatively haigh (Letween
40 and 5C percent) level.

Next we calculate the response-tine reduction c¢i Mu3S.
The respcnse—time reduction is defined to be the the reduc-

tion in response time o©OLf a reguest, wnen the reguest is

oo
ta)
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TAELE VIII

The Response-Time Ipprovement Between
1 and 2 Rackends (External Measureazent Only)

-

- 1
heguest| Resgonse Tiaeg
Nukktecr Imfrovezent
1 36.07
< 45.14
3 4e.53
4 48.94 J
£ 47.27
6 48,31
7 45.93
8 47.79
9 47.21
1X _ERecords
No Internal-
L.-Eeasurement Soitware

executed in 1n backerds containin, nx nunker ci reccrdés as
cppcsed to cne kackerd with x pumker of records. Figure 7.2
frovides the formula used to calculate the tae resgcrnse-tine
reducticc fcr a particular retrieval regyuest, where ccnfisu-
raticr A rerresents cre backend with x records and ccnfigju-
raticr © rerresents 1n fackends, each with X reccrds. In
Table IX we present the resycnse-tize reductions for the
data given in Table VII. Notice that the rCesponse-tiue
reducticn is worst for reguest (1), which represents a
retrieval of two reccrds of the database. Cn the cther Land,
the resgcnse—time reductions for tae retrievals which access
larjer pcrtions of tle datatase, rejuests (4) ard (6), rnave
cnly a small response-time reduction. In generai, we founi
that tie response—tige reductic.. Jecreases as tae nunker of
records retrieved 1ncreases, l.e., the [esponse time remains
virtually constant. Ajaln we seen to have evidence to

suppcert the hypothesis that, as the size Jf the datakbase
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increases,

relatively low

the
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resicnse—time reduction will Jecrease tc a

( 0.1% or less ) level.

r R
|

The Response |
Tine cf i
Confijuration E }

————a
e s S

ine Resporse }
Time Of )
Configuraticrn A4 | J

———

J

Figure 7.2

The Fesponse-Time—-Reduction Calculaticn.

TABLE IX

The KFesponse-Time Reduction
In Doukling the Database Size
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Takle X provides tue results of external perforraunce
reasurezent of MDBS wiltn internai periormance L€asureient
software 1r place. There are two parts to Takle X. <Lfackh
Fart corntains the mear and the  staadard deviaticn O©I thae
respcnse—tires for the reguests (1) tarough (€), which are
outliired in Chapter V. The two parts of Table X regresent
two different <ccnfigurations c¢f the MDBS hardware and tae
datatase record capacity. Fart one nhas MDBS configured with
ope tackerd and the database lcaded with 1000 records. ?Part
t4o has XCBS configured with two rackends, with the datarase
containirg 1000 records, split evenly Letween the rackends.
ke did rct measure the resgcnse tiaes with two thousaal
records distributed cver two rackends. wWwe felt that rc adcéi-
tiornal informaticn wculd be gained by conducting the Ecas—

urements.

TABLE X

The Response Tire (in seconds)
With Internal Féerformance Measurement Software

request Cne Backend Iwo Backends
Number 1K Records 1K Records
gean [ stdev . mean | stdev
<+
1 2.205[0.0436] { 2.21910.0474
2 12.41810.0172 7.u0110.0277
3 25.903}10.0119| 13.854(0.03061
4 5G.75010.0374 l 26.&0210.0596
€ <(.972]0.0271]] 11.244]0.0528
] o 41.26210.0331)1 21.517]0.0575

Ap interesting arcmal;y; is discovered when we ccmpare the
respcnse times cf£ the external and internal percfcrrarce

measurenent tests, i.e., parts one and two of Tables VII and

gé
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X for recguests (1)

imprcverzent,

reyuests when the

trrcugn

from J0.1% to

internal

is yart c¢f the MDBS code.

due tc tlke manner
erds. Currently,
availakle cpn each

are used tc swarg

additioral internal

the cfperating

fenefiting the
kelieve that
measurecent code

strating that

in which
there i

backend.

in the

perfor

systexn to

there is an

and Taole

the respcose-tinme

ccde necessary to run

(6) . We actually rournd a jerneral
5%, ir the response times crI the
rerformance neasurement software
Cne hypothesis 1s that this is
MDBS 15 1aplemented on the fack-
s nct sufriicient [hysical zencry
The result is that lisk cverlays
uL3Es. The

mance measureaent code ma; cause
cverlay differently, ta€rety
overall performance of AL3S. We still

cvernead induced by the interrnal

XI provides cvidence Ly dexcn-

imgrovement achieved by

addirg a ktackend is nct as good as that of Tacle VIII.

T

The Response Time Ipprovement Between
1 and 2 Backends (With

ABLE XI

Internal Measurement Alsc)

Aml ool Bd o dial o tada e i al

LT N
VPN W AW Y A Tl T

PEequest Eesgonse Tize]
Nuiber Infrovement
1 30.76
Z 44,34
3 Ueg.52
4 47.98
< 46.39
6 47.35
1K Records
Evaluation
Software
67
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E. TEE INTERNAL PERFCEMANCE RESULTS

Tabkle XII prcviles the results
ance reasurement of PFI2S oI 3 retrievali reyuest.

measured fcr eacn zeéssaje-nandlliay Loutide are giver IO

O the 1rternal perroriz-

Tke tige

7]

L]

Lotz reguest (1) and (Zj. The uessaje—aandling routires are

listed with the MDBS [rrocess wnlCL COntains the rcoutine.

Althcugi, the resuits are j1iveL tOo foar Jeciral places, we

cnly trvst the accuraecy to the s=2coxd Jdecimal place. 1Ihe

reascn icr thls nas feen discussed 1o tre i1antrolucticn to

this chajter. We are rot experts on the MI3S systexz. W€ can,

however, @Take a Iew conuents on

7able XII anid WE are Iure

that thcse who are experts can use tue resuits cortainei in

~

Table XIXI tc draw mcre in—-depth conclusions on tane sSysten.

We =ee that the «ccontroller r[processes, l1.€.,

Freparation and fost [Erocessing,

Frocessirg the retrieval reguest.

Fecuest
spend very little tize ix

Tals 1s a aajor Jesiyn

goal ctf MLCES and i1s recessary to prevent a tottlenecx at the

contrclier when the rnumber of tackends 1ncredases substan-

trally.
aisc <ctserve that tke resuits
Contrcl are consistert and cf
expected sirnce there is only one
time 3and n¢ access ccrtenticn can

then Le considered as containing

Eajority o¢f work done 1in the

Frocessing.
Erocessing, we see that, for toth
an e€xtra rackenéd reduces the

rearly half.

C. TEE MESSAGE FROCESSING RESOLTS

It a, pears tlat this gjoal is met successfully. fe

obtainel from Cozcurrency
short duration. Tals 1is
reguest ir the system at a
occur. These takles shkculd
the ocest-case tines. ke

tacxend is at Reccrd

Observirg the frocess timings in FReccri

re,aests, the additicn ¢

recorci processing time by

Tatle XII1 provides scme average times relating to

irter-prccess message fpassing

g8

tizes on the contrclier anld

aihintun
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TAELE XII
Message Handllng Routine
Frocessing Tiles for a ketrieval Regquest
.-g-EEBS Hessgage | Eequest One Twc—t_—1
Erccess Hardling lNumrer 3acxend _ 3ackzncs
Roctine _ 1 RKecords|1X Eeccris
- i
Reguest Eeccrd CountTﬂ 1 0.9005 G.CQ1°%
Freparation|To Pcst Proci’ 2 2.0000 0.2000 %
Parse = | 1 0.2209 9.G0138
Iraffic Unit]| 2 0.2189 0.C1c¢
Brcadcast 1 J.2025 0.C€J2¢
Recuest 2 0.00865 0.G03¢C
Tcst Cellect 1 1 | 35365 T 3.335C
Frccessing rResults | 2 | J.J8%0 | 0.0813 ]
-— 4+ —— ‘
Lirectcry Parsed T 1 | 0.0095 0.543¢C |
Fanagerent|Traffic UPlti 2 | 2.06925 i 0.C491 ,
Did Sets | 1 | 0.0516 0.C56¢€
Lccxed | 2 f 0.0566 J.050¢€
Cid Sets ] 1 0.0533 J.034¢
Lccked 2 0.0450 0.043C
DQCCIlytOE ] 1 na l 0.¢2¢1
2 na 0.G0Sc¢
e e e e —————————
ccncurrency Cids for 1 ! J.J424 Q.0432
Ccrtrcel Traffic Unit 2 | 0.0425 0.904:¢2
Did Sets | 1 | 0.2566 | G.Q40E
Trafiic Unit) 2 ! J.0503 0.C31¢
5id sets |1 1 0.2025 0.CJ1¢€
Released 2 | 0.0008 0.GCGCE
Record Trtire | 1 [ Z.0062 1.377¢
Frocessing Prccess 2 2.71090 6.571¢
nequest Wit b 1 [ J.0400 J.0433
Lisk Addrescrd 2 J.J3433 J.03332
cld T 1 | 0-2130 0.014¢
Recuest 2 0.0131 C.C16¢
EIC 1 J.Q0844 T 3.086¢%
Fead 2 0.8593 | 0.&8c: [
-4 B e ——
Lisk § 1 0.0799 | J.C741
Input/Outaqt] 2 | 0.2783 | 0.0725‘—
———— ——— —— - ——————— e —_—
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TABLE XII1I -
Inter-prccess Message Passing Times

-—

) j Time to Time to | Tiae to Y
Location JComstruct Recelve rass g
1 Message Messa ;e l Messaye ;

- | 1 | ’
Ccentroller) 0.00249 l 0.00267 ’ 0.005290 )
Eacxend 0.0083¢ J.00410 | 0.01250 Rk

|

|

|

|

|

l
"N

the rackend. Messages are transmitted bhetweer two [rccesses

¢r Lcth the <ccntroller and Ifackend. doth the rpuxzkter ol

r
messages and the [nmessage lengta are varied. cn the !
contrcller, the nunler of messages is varied frcm 1 tc 100
wnile the 1essage lergth 1is varied <from 2 to 2030 jytes 1
(size of the message purfers 1in MDBS controller). 2r the ;
tackerd, tne numler cf messages is varied from 1 tc £C wnile :
the nessage length is varied from 1 to 1000 byvtes (size or é
the message tuffer ir MDBS rackends). It takes the Lacxeni ]
twice as long to (rocess a messagjde as 1t dces the ]
contrclier. We telieve the reason tO te hardware fprccesscer %
sreed. Ar independert test <showed that this relaticnshig,
: cf twc to cne, holds 1in how lonjy it takes to [prccess arn ]
; asS1 jLlert statedent ¢n the resgective pnardware.
‘ L
— 1

Ve
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Ir Taile XIV we frovide informatlor concerning tihe time
to prccess inter—-computer messages on  tae PCL. Messages of
lengtt less than forty are overskadowed ty tae overnead of
the ECL. There exists a linear relationship Letween the
message lenyth and tle time tc pass a amessage as the message
lerngtl exceeds 130 bytes. Ae can tnerefore expect a linear
perfcrrance from the ECL for the majority of the MLES irnter—
conputer DeEssages. The rnext <chnapter will contain scme

concludirg remarks anc¢ discuss areas for further rese€arch.

TAELE XIV

Inter-cosputer Message Passing Tinmes

B 1
Message Time to |
Lengt rass Chanje |
(Bytes) |Message
1C 0.0949 0.0090
<G 0.0591 0.2302 |
30 0.G954 0.0003 i
4c 0.0957 | 0.2303
SG 0.1005 0.00038
€C 0.10M 0.2006
70 0.1018 0.00Q7
g¢ 0.10z3 0.9935
SC 0.1029 0.000¢
1CC 0.10z6 0.0307
2CQ 0.1136 2.0130
3CC 0.12:8 2.0192
4CC Q.133¢ 0.9101
5C0C Q.74=65 0.91J0
106G 0.1543 0.92204
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DN WG YAy W

IR

®;. .

9.




'

.

Ci 7II. THE CONCLUSION

A, A SUMMARY OF THE FEBFORMANCE MEASUREMENT MITHCLCICGY

k
"
b
|
h

1. ike Internal EeriorRarce icasirenent Mdetncdclccy

-3

Tie 1aternal perficrmance measurement methcdclcg;

[

Frovices the strategies and lccations for tne placezernt oI
cneckpcints, It further provides the kinds of pericriarce
data tc re coliectad. This inforaation enables a Ltetter

understardir, oI the tarjet sSystem Ly aeasuring Certairn

caparilities, such as the time sgent ir 1ipdaviduai
FLOCEsses, Jsing this information oI how the systeu

perzortos irternaliy 1ay lead to design aodizications c¢r to

fine—turning of tne syctem for increase performance.

“Xternal Ecerforrance Measurement Jethodclcegy

38

. 1kt

o
g

|

The external perfcraance neasuremest. methcodclcyry

Cun

provides trhe strategies for a macro view Or tne Jatarasc

syster perficrmance by measuring the Svsten as a whole. We
focus ¢ the Deasuiegent of the response tiue oi the tarjet
@i] systez after tie 1ssuance Of 4 regyuest. A test latatase ani

a test rejuest set is generated usin, software tools.

tte Interpnal and External Measurcaernt

| J

3 Tihe narurai ccmbination ¢of thne 1nterrali and external
pericrzance acasleBent met hodolojies is synergistic ir thne
amolnt «¢I inlorzaticm that is provideld. Tae cverneai

° incurred when us.inj 1rternal perfcramance measurenmert ccie is

! accurately cetelZnined using this metaclolojy coarinaticr.

» The €xterina. poriormance Ledsuredent tiaings Can L€ [rcierly

)

! iutergretel ausin; the ipternal perrormance TedSdarens=nt

F
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1

i -
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°
results. Ey combining tie twc 1measurezents, tae wncle of _{
the Teasurerzent resulits 1s Lore weahinjfua and UserIul tiran ]
tiie irdividual results. o
B. A SUMMAFY OF THE PETHODCLCGY APPLICATIOCN

Ttrillirg and unexpected resuits are collected when tlis )

L J

tethcdclcgy 1is applied to a target system, 1i.e., MDES.
First, the @methodclcgy preves itsell to ke successiul ino
atterpting to verify the periormance and capacity claiss of

MDBS. This results frow Leirj able tc collect surificient

data c¢n a target system tc maxke Jdeiinitive stateazernts
concerning its perforrzance. The application Of this metnci-
clogyy tc MDES is alsc surprisingly easy.

A seccnd result, 1s that tne pericrmance and cagacity
claims cf MIBS have reen validateld. Taese clalns are: 1)
that ty increasingy tle number of Ltacxends used as a gart c¢:
the catalase system ard by keepriny the size of the datarase
constart, the respcrse time of the sane transacticrs 1is
propcrticrnally decreased, and 2) that by 1increasing the
rumper cf fbackends ard also increasingj the size of the Cata-
tase, the response tire remains reiatively constant. These

ciaips are validated Lty the results jiven in Chapter VI.

Tktese spectacular results provide a wealth of irnfcrrza-
tion frcm wrkicn several cornclusicins can oe pacde. e Lind
b that under M¥D3S, the res,onse-time i1Japrovenent increases as
4 tie nudler of records retrieved 1ncreases. alsc, the

Iespcnse-tine reducticn decreases as the nuaber of recoris

ol

retrieved increases. Thougl the performance TNeasl1Lelent

¥
T

results indicate an lmprovement in tae CesSponse time cf t

-

4

rejuests when the internal cperforaance acasurement scitware

3
is part cf H4ILBS code, it is felt tnat tais phenomenon 1s the
result of differing s£ystem overlays and that the irducel
cverhead c¢f internal peasurerent code still needs tc be

calculated.




g The results of the 1rnternal perrorJance d@<cdaAsSULcIelnts

. irdicate thtat t

@

12 ccntroiler [rocesses, lev., Jesuest

-

Freparactiorn arnd (oSt Frocessingy, sSpena vVvery little tize to )
[rTocess the retrieval rejuest. Tue results ootalned Lo
Concurrency Control are ttota consistent and of short dura-
tion, as expected. The resuits also saow tnat tie TA CLity ‘
ci Wwcrk is pbeinj dcre in  Fecord Processiny and trhat  tae N
additicon of a backend reduces the record frocessiL tize &
rearly ralf. Wwe discovered that it takes the Lackend twics
as lcng tc process a a1essaje as 1t Joes the ccntrclser,
possitly due to hardware processor s

4
c€d. rfinallvy, there %
€4ists a lirear relationshif retween the message lerjti and !
q
‘

tae tigme tc pass a me€ssage as tne zessage lenjtn ~xceels 10D

Lytes.

C. FHECCMMENDATICNS FCR FUTURE EFFORTS

Future improvemernts can te amade 1n tie fperforzance rIeas—
3 urement awethodology Ly tne aJtomatican Or tTthe €X1Stlnj
c exterrali software tocls. Sipecilically, the acility tc start
a test which will execute a fre-deterained set ol recuests a >

[ rre—deterrired nurber of times Ior each reguest, ard ccllect

= he results 1in a file is a desirearle teature.
F! Additiornaily, since tne methodolojy 1s 1intended tc E
general 1in use, tle methodology ©Le2ds to ke appileld to
different datavase <systeas tc discover 1ts ajpplicaliiirty, .
€ease c¢f use, and usefuiness 1in overalil perLIOrLDALnCe I€asUleE~
— aent cf the target sSystem. y
Irn terms of the agpiication of tiuis aetnolology to *3ES,
a ccropliete and thorcugnh test O the S3ySter neels tc  Ie
conducted. AL exraustive test Oof MUBES wouid inciuade

¢ conductingy test with dataltases that have varyiny rCeccrl .

sizes. Further, testing the systea L, varylng the nuuter 9=

Cirectory attribuates, descriptcrs, and Zlusters wculid inci-

Yd

-
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cate trhe rcle of toe Clrectcry data in
dele te, ardé U4plate€ CIell€sSts Dust

disccver their 1lzzact or
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Iedasurelernt siould Lbe extenicd ro tesc
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