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ABSTRACT
Y

Over the past several years benchmarking has beer devel-
oped into an effective technique for parformance analysas of
computer systems. Relational database machines are rela-
tively new conmpter systeas for which a benchmarking tech-
nique does not yat exist.

The berchmarking of rzlational database machires
involves +he indentificatior and design of test programs
through which relevant performance da<a can be gathered and
interp-eted. All features of relational database management*
must be ccnsidered when designing these *est progranms. The
join operations are an important feature of rela“ional data-
tase panagement.

The test prcgrams for +he Jjoin operations necsessarily
include +the repetition of certain QgJueries during which
specific Jjoin parameters are variad. Th2se parame*ers
include: tuple size, relation size, disk placement, z2nd the
use c¢f indices. A number of join operations have been
benchmarked. These operations arce equality joins,
inequality joins, three-way jcins, and virtual joins (i.e.,
views). In additioen, a number of relational database
machine configurations have be2en utilized fcr beachmarking
+he jein cperaticns.

The highligh*s of tha2 ¢hesis can be found in its contri-
buticn “c a benchmarking techniqua for the Jecin operations
and its conclusions on “he performanca analyses of various
relational machines in operating joins.

\
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I. INTBODUCTION

A. WHAT IS BENCHMARKING?

The +erm "banchmark™ has its origin in +he field of
geograrhical surveying. A benchmark is a peraanent
gsographic feature which serves as 2 landmark €£or surveying.
The term has evolved into defining a s+%andard or criterion
associated with a particular tType of system or product.
This standard serves as a point of refereace to which funec-
tionally similar systems or products can be compar=ad.

In the rsalm of ccmputer scienc2 a benchmark consists of
a standard set of instructions or prograas. The exscution of
the set ¢cn cne system provides measurements +hat can be used
+o ccmpare with measurements ob+tained by running <%he same
set on another systen. This is the essencs of computer
systen benchmarking: the procsss of corducting corntrclled
experiments to collect indicators of comparative performance

cf diffarent computer systems.

B. THE “GIEBSON MIX"

Ccmparisons of ccmputer systams were prempted by the
increasing application of the systems in business and other
situations in a cost-effective way. This in*ts3rest in compa-
rative performance of systems had result=2d in “he contrclled
exp2rciments cf +he systems. In 1970, J.C. Gibson introduced
a system of programs sets or "mixes"™ by which variable *ypes
¢f wcrklcads could be compared. The "Gibson Mix" approach
to ccmparing systems is based on testing ssveral se+ts of
applica<ions in both business and science. The rasulis,
executicrn times, <¢f +these tests wera publishad. The
problem of selecting a particular computer system could be

10




reduced tc¢ establishing workloads as multiples of <he mix.
By properly balancing execution times and mix wnultiples,
system evaluators could produc2 comparative estimatss for
toctal compu*er systens.

C. BENCHMARK DESIGN ARD OBJECTIVES

Benchmarking as a *echrnique for comparisons of computer
pecformance has enjoyed increasing popularirty over the pas=<
dacade. This approach is appealing botk to producers and
consumers. Basic guidelines have been developed <for the
proper use of benchmarks. The benchmark must be representa-~-
tive cf real-world wcrklocads, and th2 mix of instructions

should be inclusive enocugh to provide as much rtelevant data
as Epcssible. Additionally, the? relevanc=s of benchmark
content must be justifiable. The benchmark should be carce-
fully designed, and cbjectives should be specifically s+tated
s0 tha*t the proper sequence o0f st2ps in th2 benchmark
progressicn can be set down. Objectives may include evalua-
tior *cwards procureaant, design anaiysis, componernt certi-
fication, quality determina *ions, 1load analysis, improveament
of performance, or c=h2r objectives as det=rmined by +hcse
- requiring the benchmack. The benchmark should be tailoread

to *he objective and deal with those demands or appolications
waoich initially formed the basis 9f and the cequireasn+ for
the beachmarking. The benchmark wmust bz conitrolled from

f design <hrcugh iaplemertation and throughcut th2 intarpreta-
+ion of +he results.




II. THE BENCHBARKING ENVIRONMENT

Tha experiments described in this paper have been
conducted on several configurations of an RDM 1100 at the
Data Processing Service Centar West, Naval Air ta+tion,
Point Mugu, California. The RDM 1100 and its various
configuraticns are <relational database machines, each of
which is designed to be *he backend of UNIVAC 1100 seriss
computers.

A. TBE HCST COMPUTER

The hest computer system of which a rslational database
machine is nsed as the backend is the UNIVAC 1100/42. No
modifications have been required of the UNIVAC operating
system. Specially designed nost-residant software has been
installzd in the UNIVAC.

B. THE HCST COMPUTER/DATABASE MACHINE INTERFACE

Figure 2.1 depic*s the presently available ae+hods for
interfacing between +he host and the backend. The firs+
method, the relational query languags, is a command inter-
fac2. The second me*thed allows “ha user to &xecute a series
of queries ty ceferring to a set of tored commands. The
third method is via user programs written in high-level
programming languages such as COBOL and FORTRAN in which a
subrcutine is provided for accessirg data stored in the
tackand machine.

In “he RDM, hos+ interfacing is accomplished by both
parallel and sevial in+er face m>dules (processors) (see
Figure 2.2). Each interface moduls can suppor< up to 8 hos*

systaess.
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C. THE BENCHMARKED RELATIONAL DATABASE MACHINE

The tasic relational database machine on which the

3 benchmarking axperiments have been conducted is a modularly
designed, microprocessor-based database computer. The
modules are organized atound a single high-speed bus (see
figure 2.2 agqain).

1. Technology apd Functionality of Module

2. The Datatases Processor

This-28000 sesries microprocessor cortrols +the
flow cf data by “ranslating usar qusries into procedurss.
Addi+ionally, this processor suparvises system rescurcss,
coordinates hardware monitoring, and performs bus arbisra-
tion. The processor con*ains approxima<ely 99% of C-codes
and cperates at 1/2 MIP. If -he database accelsrator

(described below) is available, the database procsssor
senses its availability and issues calls for its secvices.

tE. The Accelerator {

This high-speed, auxilary processor which

executes instructiorns a+ 10 MIPS is built fzom ECL logic.

I+ has a three-stage pip=2lins and 1is designed +o optimize a

well-defined collection c¢f of+ten used database managamen+

/ subroutinas. The accelerator cap filter data at disk
transfer rates.

c. The Cache

This main memory is composed of 64K dyramic rana

chips and is expandalkle up to 6 megabytes. System informa-
tion and code occupy approximately 360K of “hkis mesmory.
| Cache 1is alloca*ed in 2K blecks, contiguously whenever
possible. The paging algorithm is basically
least-Recently-Used, and the system ¢o2d2 is never pagad out.
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d. Disk Drives and the Secondary Storage

The disk cecntroller moiule performs burs+t error
detection and correction and retry without in*ervention by
+*he database processcr. This con*roller can manage from cne
to four disk drives with each driva having a capacity of omne
tc four disks. Presently there arz two disks available with
eack disk capable of s*toring approximately 630 megabytes of

data.
2. Differept Accelarator and Cache Configuraticns
Iested

The btenchmarking experimeats have been conducted on

the following different machine configurations;

a. 1/2-megabyts cache without the database

accelerator
t. 2-megabytes cache with the database accelerazor

¢c. 2-megabytes cache wi+hou+ the database

acceleratcr

D. THE DATABASES

The relational da*tabase machine handlss da%a in 2X byte
blocks. ¥ith this in mind a synt2sized da+abase has been
designed. Tuple (ra2ccrd) 1lengths 9f£ 100 bytes, 200 bytes,
1000 bytes, and 2000 bytes have been choser, thereby
rroviding a rang2 of 1 to 20 tuples per block. I+ has bzen
sought +hrough axperimentation to contrast the same opera-
tions performed on relations with different numbers of
tuples per block. It is felt that this approach may prcvide

some measur2 of processcr-overhead time versus I/O time.




1. [Database Generation

Standard temglates fcr each of the four different
+*uple lengths have been desigrzd. Table I describes these
templates. Note that within each template there are atiri- 1

butes (fields) that are common to all four +templates:

s:quential integers and random integers. The attributes of

sequential ard randcm integers can be used +*o enforce

g . different orderings of the same data. Each <*emplate also
contains attribu<+es specified with values uniformly dis*tri-
buted over a number of enumerated values. By =2nsuring
specified distributior, the reliability of equality joias
can te assured.

{ The actual rzlations for *he exparimental databases
have teen generated cn an IBM 3033 system in batch mode and
have teen <transferred to tape €for transport to the UNIVAC
systen. Fer each of the four tuple la2ngths, relations have
teen generated with 500, 1000, 2500, 5000, and 10000 +uplss.

E » 2. Database Creation, Loading, aad Disk Placement

f In +the envircnment c¢f the Jdatabase machine, the
number cf 2K-byte blccks assigned zo a database is specified
with +he CREATE DATABASE command in the dquery language
] (Section II.E further describes the qu=ry language). Since
database allocations are made in *the whols zumber of cylin-
ders, <the rumber of tlocks specified will be rounded up to
l +the first whcle number of cylinders. Once the allocation is
made, the number of tlocks actually allocated is rsturned to
the user. The syntax for database creation in <+he query
language is:

CREATE DATABASE (name) WRITH (options)
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TABLE I
Standard Tuple Templates

] 100-HYTE ] 200-HYTE | 1L0DL=-SYTE (] 2000-8YYE :
1. RELATIUN [ REL AT INN { RELATION ! HFELATIOUN
tFteLo TYPE | FILELD TYPE |} FILELD TYPE : FIELD Yyoc
' - | -— e T = ———— - ———
1 KEY te | KEY 14 } XEVY 1« |} XKEY 14
TMIRRUI Cll | MIRRIR Z11 | MIRRDR Cl1t I MIRROR Ct1
) RANO 14 | ~anNd 14 | RaND tse RAND 14 |
TUNIQRAND 14 § UNIORANU 168 | CHARS C53 ! CHARS C79
1 Criar> Cs CHARS C1la | PS co ‘o cn
TLE TTER Cl | LETTER ct } 19 o v 10 Cc?
1 PS5 c9 s e} ©°2n cy v20 Cco
{4 10 cCY { ¥F1r1O COo | ©25 c9 | »r2s Cc9 )
v P20 cy P20 ¢y} P30 9 30 co
| ©25 cCy PlS co t PsS c9 X YY) c |
{ o35 co P30 C9 | ©a0 cY 1 »S0 co
1 ®s50 cy P35 C9 | ©a5 Co | Psg c9 ¢
1 P25 Cy P60 co §  ©50 c9 § 70 ce |
{ 240 C9 1 PaS cC? | PBo Ce + Prs cy
t PSSO Ce | o065 cC9 t A0 ca ¢t
t P55 ce § p70 co P90 c9 0
! PS5O c? y ®©7rs5 cC9 (| P100 co |
1} PAS c9 1 P40 cCY | w0 vuec2ssHi
i1 P70 co ) 0e8s C9 1t YLy UC2551
) ersS cC9 t PN Co t L2S UCc2ssH ¢
1t P30 cCe | otru0 CI? § uPsSY uc2s5t
! #8s CO ) wLHD Ut 295t weTrsS uC2s5y5
t P20 co | uP2s UC255¢ urag UC285 ¢
} PL1OO C9 t uesH uC2554 uPt 00 uCc2s5s1

uc

1 £a)

FI1ELD VYPES

C- COWMPRESSED CHARACTER STRING
{MaxIMyUM OF 255 CHARACTERSH

- INCOWONESSFD CHARACTER STRING
IMAX [ MyM 3F 2595 CHA2ACTEKS)

16 = FOUR-BYTE INTEGER

IS T ISLD MAY CUNTAIN ANY INTEGHR VaA_yUfF
RETWFEN

=2 187,403,688 AND ¢2,' 47,883,547

bl miaine
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cptions:
demand - the number of blocks to allccate
disk - the disk on which allocaticn is desired

For exanmgle,
CREATE DATABASE NPSTIEST with demand = 1000 on "DSKOO1Yw,
demand = 2000 orn "DSKSYS"

would sc+ aside 1000 blocks cn the disk =2named "DSKO001" and
2000 blccks on +the disk named "DSKSYS" <foT the da*tabase
"NPSTEST".

Once the database has b2en assign2d disk space,

rzla+tions ir “hat database may be created as follows:

CREATE relation-name ( (£i2ld name) = (format) ,.c..s
(fisld name) = (format))

The abtove command would set up an empty <celation in tke
database to which tuples could then be appended. A database
is opened by simplying enzering: "OPEN (database name) ".

In ecrder tc bulkload records into relations in
specified databases, utili~y programs have been providszd.
The experimental relations that have been generated on the
IBM 3033 system and subsequently loaded into *he UNIVAC
system have bsern translated into the backend machine using
+hese utility pregranms.

Initially, we have attempted +to wmanipulate the

placement of relations in a database. That is, ornce a data-
base has been allocated with disk space by the CREATE
commard, we have ¢tried to fecrce a specific placement of a
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ra2lation on a particular disk. We have assumed that for a
join, optimization can be achieved if the relaticns “c b2
joined are physically located on different disks. However,
cur attergts at placement have proven futile. The designers
of +he tackend machine utilized certain placement algo-
rithas. These algorithms are propristary ard are, there-
fore, unaveilable for our modification.

The query language for the machire allows *th2 crea-
tion of indices <£for quicker da%a access. The creaticn of
these indices and their use 1is described in +he focllowing

sec+ticn.

3. 1Ipdices

Simply stated, irdices are designed “o provide more
direct access to stored da+a. Tha guery 1language for the
rela*ional database machire allows for the creation o0f two
different types of indices. A "clustered" index is one for
vhich the tugle is ghysically in the order of +*he value in
the specified fisld. A "nonclustered"™ irdex is one that is
created for a field c¢r group of fields for which the +uple
is not clus<tered.

Note that in NPSTEST all of the relations have been
created with clustered indices. Also, 2s they are described
below, 1indices £or certain relations in oth=r experimental
databases may be createq, destroyed, and then recreated
during the course of the run stream for a par*ticular join
experiment.

4. Ib

D

Experimen*al Dat*abases

==

Table II describes *he experimental databases. As
they are explained more fully below in individval experiment
descripticns, the size 0f the databases, =he number cf rela-
tions in the databases, and =*he indices employed are all

facters in *he measuremen:ts obtained.
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E. THE CUERY LANGUAGE FOR THE DATABASE MACHINE

Incorporated as an integral part of the r=zlational daza-
base system is the query language (RQL in “he case of the
RDM 1100) . This query languag2 is designed *c be both a
definiticn language and manipulation language for the data
stored in the machine.

1. Semaptics and Syntax

The use ¢f the CREATE command €or both dazabases
and rela*icns has previously b2en discussed. The follcwing
discussion seeks to descrite <+hcse features of the query
language that are essenzial <to an understandirg of <he
rature of expariments that have been conduc+ted on +he jcin
cperaticn.

a. BEGIN (transac+tion nam2)

This ccmmend is us2d whenever multiplz2 RQL ccmmands are to

ke treated as a single command.
tE. END (transac+ion name)

This ccmrand is used at <he end of the group of RQL ccmmarnds
under BRGIN.

C. CREATE VIEW (view name)

This ccmmand is used to s2+ up a virtual relation within a

database.
d. DEFINE (stored command name)

This command is used to define a stored commard for a par+i-

cular database. The command so defined car. te refarenced
simply by i<s nanme.




€. LCESTROY (object name)

This ccmmard is used to eliminate databases, relations,
indices, views, stored commands, c¢r other construcis fronm
d +he systen,

f. BANGE of (range variable) is (relation name)

Range variakles are used to allow the user tc <establish a
synoanym for a r<2laticn name. Once this synonym is estab-
lished it can be usad in lieu of the ra2la%ion name.

g. RETRIEVE (target list) WHERE (qualification)

1 This is the most essential command for perfcrming jcin coer-
ations. Relaticns cr pecrtions of relations are pulled from
storage and displayed for +he user. The data =zetrieved
deperds cn the user supplied qualification which may include
singular or multiple equalities ard inegqualities, Up to 22

N fields can be spacified ir the target lisct.

h. RETRIEVE (variatle name = GETTIME ())

GETTIME is a functicn in RQL <ha%« allows the wuser to
retrieve 2 time statement from the RDM clock. The +ime
integer retrieved is in 1/60 seconds. As will be described
telow, we used these <imes for our computatiors,

2. 1Ihe Experimental Queries

Cueries have teen designed utilizing “hose features
of RCQL described above. The query strsams have been
designed as sets of transactions, and the Joins have been
designed as stored ccmmands so +hat the commands could be
pre-parsed in order that parsing time wculd be elimirated
from the join time measurement:s. The number of fields

tacgeted for a jein is described below in individual experi-

men« descripzions.
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III. THE BENCHMARKING

A. GCALS

The experiments described in this paper are directed
towards the development of a procedure by which database
machines may be benchmarked. The efforts described here
represent c¢nly a pcrtion of ths research. Intecested
readers are directed *o [Ref. 1], [Ref. 2], and [Ref. 3] fo:
additional ressarch c¢n selection and rrojection, da*abase
administraticen, and database generation.

The gcal of thase experiments is not to make a d2fini-
tive pronouncem=2nt c¢cn the parformance c¢f +the varicus
configuraticns of +he RDM 1100. Rather, +he goal is tc¢
learn how <o design tenchmarks and interpre+ the results of
the btenchrmarking 2xperiments., Towards this end, the methcd-
ology must be machine independent, 2nd “ke wcrklcad model
must tre rased on a2 mix cf database management statements,

B. THE METHODOLOGY

Th2 wcrkload has teenr modeled as a collecticn of queries
in the relational query language (RQL). The primary bench-
mark kernel for the join operations is <“he RETRIEVE s*ate-
ment with associated qualifications. In designing +<his
worklcad, classes of quaries have bean iderntified. These
include data-intensive and overhead-intensive classes. The
worklcad has been ccnstrucied as a combinazion of queries
from each class. Tle query 1languag2 has functioned acs the
primary tocl fcr vrperformance measurement since neither
sorftware nor hardware probes have bean available for use in
conducting these experiments. Using *he functions provided
in the query 1language, <clapsed times ar: measureable from

24
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the datakase machine <clock in seconds. Since the goal oI

these experiments is to learn the effects of varying parame-
ters on machine perfcrmance and not absolute machine perfoc--
mancs, *his "rough" measurement technique is acceptable.

The operating system of the host machire allcws the use
cf pre-defined commands and queries known as scripts which
has eliginated the fluctuation of “arminal time.
Addi+ionally, the fluctuaticn of the parse time has Leen
+he da*a-

base. However, scme fluctuation is <ZiIn=roduced by *he

3

eliminated by using gpre-parsed commands stor=d ir

»

quary-post processor which formats data fcr scrz2en display,
but this is not sigrificant within tha quary sets,

The initial apprcach to defining relevan® queries has
been to concen<rata cn the repetition of certain cperations.
Puring this repe+ition, given factors have bheen vazied to
ascertain effects on performance. For the join opera<ions,
tuple sizes, database sizes, index structurs, disk place-
men+, and machine configuration have been varied.

By and large, the query s%reams have been run in a cont-
rolled environment, To of fset the workload variability of
the hcst machine, runs have heen conducted during times of
minimal activity on *he host. Likewise, use of <he Jatabase
dachire has been restricted 4o a siaglse user.

C. THE JCIN OPERATICNS

Several groups of experiments havz bz2=2n conducted duriag
which certain parameters have been varied during recetitions
cf +he =<same experimenc. These experiments hava been
designed to cbtain measurements on one particular aspect of
rela+icnal database management: ths join operations.

25
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1. A Ecrmal Definition of a Join

Simply stated, a Join is a composition of two or
more relations. In relational algebra, a Jjoin can be
expressed as follows: <the 6-join of column x of +able R and
column y of +table S is a <“able whoss <rows ace in the
Cartesian Product of Rand S, such “hat, for the mathemat-
ical operatcr 6, the row element x of R and the row 2lement
y of § hcld true for 6.

2. T

[{1]

Jdoin in the Benchmarked Qa2ry Language

In +*he benchmarked query language, RQL, a Jjoirn is
accomplished using the RETRIEVE, RANGE, and qualifiar WHERE
commands., For example:

QELAT IS RELATION:
PrRSUNNE L NDEPARTMEMT

TNAVE (PHNNF | IEFLCE}

TLASTNAME L AGE JDEST !
1 1
10PS | 2Rl

— s oo, gy

|
1 | M
{BRUWN {725 eS| { tay |
furnile | 2510y | TADMIN] 269 | ta2 |
15MITH 1 3t)apagny 1SNG | 259 | 1e8a |
{ | 1_ =1 | | | t

Given the akove r2lations, a =ypical join query in RQL could
be:

RANGE of P is Personnel

RANGE of D is Depar*men=

RETRIEVE (P.lastname, D.phczne,D.office)
WHERE P.dept = D.name

This query wculd return:

TCRSTNAME IPHIINE {DFFICE
{ | 1

]
| HROwN § 291 | tay |
Jartt rg § 2AL | 144
| SYttled t 265 | 162 |
N [P —— | —




D. EQUALITY JOINS

1. Ibe Definiticn and Examples

An equality join is one in which @ is dafired as the
mathematical equaltiy (i.2., 3. That is, *he statement
following <*he qualifier WHERE in RQL contains either a
singular c¢r mul+tiple equaliczies. For exampls, using the
relations descrited above, the following retrievals repre-
sent two different equality joias:

RETRIEVE (P. lastname,D.phone)
WHERE P.Dep% = D.name and P.age = 425"

or

RETRIEVE (P. lastram=2,D.phone)
WHERE P.dept = D.name ard D.name = "OES"
and P.age = "25"

a

2. 1Ihe

|
jot
1o
i
7]
o
\in
lC.‘

Equality joins rapresent the vast majority of exper-
iments ccnducted during ¢his research. Equality joins have
been conduc*ed on all of the databases listed in Table II.

[=]

3. gGueries Used

Equality joins have been run with both singular and
mul*tiple qualificaticns (i.e., singular or multiple =quali-
+ias in thke WHERE clause). The wmajority of *he joins have
been conducted on singular qualificatioas, and *he discus-
sions below focus primarily on ¢those experiments. The
multicle-qualificaticn joins will be discussed separately.
The singqularly-qualified joins are equated o2 the KEY field
cf sach relation.
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il 4. Besults ;

As previously explained, +the meathodology emphasizesg
varying rparameters throughout th= repetition of <he same p
group of experiments. The queries and their results are
presented below, and they are grouped by the paramst=2r that
has been varied.

a. Variability of Relation Size and Tuple Size

Figure 3.1 depic=zs three Joins of relatiors
whose turle size is of 100 bhytes. The first equality jcin
invclves a relation of 500 tuples and anoth2r <relaticn of
1000 tuples. The second equality Jjoin involves a relazion
of 2500 +tuples and another of 5000 *uples. The +*hizd
equality join involves a rela*ion of 5000 *uples and anoxher
cf 10000 tuples. It is clearly =vident that the join tinmes
increase 1linzarly as the number c¢f tuples b2ing Jjcined
increasss linearly.

We now vary the tuple size for all three ra2la-
tioans. Thus, we benchmark the thre= relations whose *upl=z
size is <f 200 bytes. This is depic*ted in Pigure 3.2. The
tenchmark cf the relations whose zuple size is of 1000 by:es
is depic*ed in Figure 3.3, and the benchmack c¢f +‘he rela-
+tions whecse tuple size is of 2000 bytes is dapicted in
Figure 3.4. The linearity demonstrated eaclisr in Figurs

8 3.1 is again evident in these joins.
Figure 3.5 is a compilation of PFigures 3.1, 3.2,

3.3, 2nd 3.4 in which the slopes (or “he rates) of lirnearity
may be ccmpared. t is impor*tant to no+ta thaz, the bigger
the tuple size there is; the steepar the slope will te.




BENCHMARKED RELATIONS WITH SMALL, FIXED
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Pigure 3.1 Benchmarked Relations - Small Tuple Size.
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Benchmarked Relations - Medium Tuple Size.
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Pigure 3.3 Benchmarked Relations - Large Tuple Size.
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BENCHMARKED RELATIONS WITH VERY LARGE,
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Pigure 3.4 Benchmarked Relations - Very Large Tuple Size.
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RELATIVE PERFORMANCE CHANGES IN JOIN |
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Pigure 3.5 Relative Performance - Changes in Tuple Size.
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I t. Variability of Databasa Size in Terms cf Number
of Blocks

Figure 3.6 depicts thrse Jjoin operations over a
large database of 31350 blocks, NPSTEST. Additionally,
represented in Figure 3.6 are <the same <+hree jcins over
+hree small dJdatabases, NPS#4 of 150 blocks, NPS5 of 750
blocks, and NPsS6 of 1500 blocks. The results of these
queries zreveal that the block siz2 is 1no%t a significarnt
factor in jein time.

c. Variabili*y of Database Disk Placamen<

Every databas=2, namely, NPS!, NPS2, NPS3, NPSl1,
NPS12, or NPS13 contains only *wo relatiors. NPS1, NPS2,
and NES3 have been created on +thes same disk. NPS11, NPS12,
| and ¥PS12 have besn created ssparacta2ly, each of which cccu- |

pizs %two disks. Figure 3.7 depicts <he +im2 fcr joins on
NPS1, NPS2, and NES3 versus +the same joins coanducted on

b NPS11, NES12, and NPS13. The resul:ts s*-ongly suggest “hat
datatase disk placement, especially for relatively small
databas=2s, is nc* a rajor factor in join tine.

d. Variability of Index Stzucture

A query stream has been run on NPS11, NPS12, and
NPS13. buring the zun the iIndex structure on +he rela-=icns
in the dJdatabases has been modifi=2d <€from clusterzd to

nonclustered and +ther eliminated. Figure 3.8 depicts the
jcin times in each situation. From ths rtesults obtained, it
can bz reasonably assumed +hat for relations of +his size

there is nc¢ significant differzencs between join times on

! clustered and nonclustered indicess. However, the join times
for +those relatiens with no indices have exhibited increases
exponentially.
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THE IMPACT OF DATABASE BLOCKSIZE ON
JOIN TIME - COMPARISONS FOR LARGE
(NPSTEST) and SMALL(NP54 v6) DATABASES
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Pigure 3.6 The Impact of Database Block Size on Joins.
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THE IMPACT OF DATABASE DISK PLACE-
MENTS ON JOIN TIME - COMPARISON OF
SAME DISK AND SPREAD ACROSS TWO DISKS
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Figure 3.7 The Impact of Disk Placements on Joins.
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FPigure 3.8 The Impact of Indices on Joins.

37




e, Variability of Machine Configura%iorn

As stated earlier, during the ccurse o0f *these
experimsnts, +he database machine being benchmarked has
oparated under three different cornifgu-aticns: 1/2-megabyte
cache memory wi*hout a database accelerator, 2-megabyte
cache mercry withou+ 2 database accaleratcr, arnd 2-megabyts
cache memcry with a database accelerator. Joins over rela-
+ions wi+h the £ixed tuple size <f 100 bytss in thz data-
kase, NPSTEST, have beaen conductzd oL &ll three
configurations. The comparative rssults of *“hese jcins are
depicted ir Figure 3.9. These results show “hat an increase
in cache memory size frem 1/2 to 2 megabytes impreved jecin

me ty a factor of 27% to 31%. Th=2 addition ¢f zthe data-
tase accelerator *o <+he 2-megabyts cache improved +he join

me ky a factor of 6% to 12% only. These results would
seam to clearly indicate that, <zfor the dcin operation, a
larger cache memory is much more effective than “he addizion
cf a datakase acceleratcr:.

5. Seisction Experiment

a

In additicn tc the equality Jjoins desczibed so far,
there has been an additional qualification designed +eo
szlect cnly a certain por%ion of =<he Jjoirnzé *uples for
display. The number of tuples to b2 displayzd is <o b= 5 %
of the number of tuples in the smaller rela%*icn of the zwo
zelaticns in =ach dcin. To accomplish this obdjective for
the jcin cf +he 500-tuple relation and the 1000-tuple rela-
¢+ion, the additional qualification is *“c impose a "< 25%
restzicticn cn the KEY attributa. Tha+ is, +he relations
have teen Jjoined on *he equality of the KEY field irn each
relaticn, and there has been the additicral gualifier “hat
those +uples to be displayed must have a KEY value that is
less than "25". Por *he join of the 2500-%tuple relation 2and

38




THE IMPACT OF DIFFERENT_MACHINE |
CONF IGURATIONS ON JOIN TIME
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Pigure 3.9 The Impact of Machine Configurations on Joins.
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.the sam2 dJoins €or which there is no S%-selaction Te

the 5000-tuple r=laticn the restriction is "< 125", and fer
the dJcin of +the 5000-tuple relation and the 1000C-tufgle
relaticn *+he restric+tion is "< 250v,

Figure 3.10 Jdepicts <+he response +times for <hese

join selecticns. Figure 3. 11 depicts “he resvonse iimes for

tion. A ccmparison of the results of cach join reveal
especially for the join of +h2 larger zrelations <he éiffer-
erce 1in response time is proportionally grezter. Thsese
significant differences are 1likely dus to a4+ least *wo
prevalen+t factors. Fizst of all, <+here is an I/0 cverh=ad
that undcubtedly comgrises a major portion 5f +the differ-
ence. Sccondly, it is highly probable +that for *his type of
join the select opera*ion is performed firs%, and *hen *he
actual join is performed. A comparison of Figures 3.10 and
3.11 would support +this hypc+h=is.

[]]

6. Cther Equali+y-Join Experimsn=z

Figqure 3.12 d2picts a ccmparison betwser twc se*s of

three joins on the same relaticns with nonclustered indices.

The ‘firs< =zet regquires no <Telations to be sor+ed. The
s2cond set zegjuirses the r=2lations %o be sorted on arn atiri-
bute ctkher +han the KEY attribut2 on which <%he index s
based. The somparative results of =ane runs for these joins
ar2 close. The plotted curves for the rasporse times crcess
tnemselvas, Thisz may indicate that th=2 scrting of relations

oc *he tasis of a nen-k2y attribute does net Impreve the
Join time.

Pigure 3.13 depicts a comparison batweern twe sets of
*he same <*hree dJcins for which th2 expression of <he
equality predicate has bs2n revers2a4d. For these particula:
joins <he rsversal of the expression of ‘he equality predi-
cats appears to te insignificant as a fac*or ia Join time.
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Figure 3.10 Three 5%-Join Selectionms.
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THREE JOINS WITH NO RESTRICTION ON
SELECTION ;
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Figure 3.11 Thr2e Joins Without Selectics.
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COMPARISONS OF THREE JOINS ON THE |
SAME RELATIONS - IN ONE CASE THE
RELATIONS ARE SORTED
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Pigure 3.12 Joins on Sorted and Unsorted Relations.
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Pigure 3.13

Joins With Predicates Reversed.
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E. INEQUALITY JOINS

A limit<ed number of inegquality Joins has been conduc*ted

during *he course of these exparimants.
1. 3 Definition

Fcr these experimsats an inegquality join is c¢zns in
which 8 is defin2d as a mathematical in=quality. Thais 2=,
+the s*atement following the gualifica+tion WHERE Ia RQL
conitiaidiniel leditihaip. W ol Kl cpa Wi U0 This gualification has

teen impcsed on +th2 KEY attrikbute.

Inequali<ies havz been appli=ad to <+the Jein cf a
500~-tuple relaticn and a 1000-tupls re=la*ion and “¢ the jecina
of a2 2500-~tuple rela+ion and a 5000-zuples reslation.

3. Disastrou

[

R

I

sul+s

The r2sults of these joins have preven o be disast-
rous. Feor even the smallezr join 5f the 500-tuple r2la%tion

and +he 1000-tuple relatisn, th2 ressponse time has run into

[ B

heurs. This 1long response m2 has jecpardized the

during =h2 course of the

w

t
inteqrity o0f the zxperimsnts, sinc
run the sta<tus of the hcest machine has zxperisnced sigrnifi-
cant fluctuations 1in load condi%:ions. Obvicusly, it may

prove <the ©poin% that *the inszqualicy Jjecins cannot be
suppor+ed by “he machine with any reasonabls rssponse time.

F. THE TBREE-WAY JOIN

Fcr these experiments a threa-way jcin is simrly a
compcsiticn of *hree relaticns via 2quality joias. The

three r=zlations have teen joined cn <*he =guality ¢f the KEY




at+«ribute of 2ach relation. That is, for relations A, B,
and C, *he Jjoin has been accomplished WHERE A.KEY = B.KEY
and B.KEY = C.KEY.

2. Experiments

The three relations that have been Joined are a
S00-tupl2 relation, a 1000-zuple r=2la%*ion, and a 2%500-*ufle
relation, No selection testriction has been impcsed cr the
Join.

Tk2 response +time for *his gquery is .8114 minutes.
A “wo-way join, under similac condizions, cf +*he same
500-+uple and 1000-tupl2 relations has been accomplished in
.7011 minutes. The small increase of the response time from
the +two-way join <to the +three-way join of .1103 mirutes
(15.7%) wculd appear to further demornszrate the significarce
of the c¢ne-time I/0 overhead in joias. In cther wecsds,
regardlsss of the numler of ways a join is %5 be conducted,
the <c¢ne-tige I/0 <c¢verhead would consume a substantial
pcrticn of the join tiae, In this case, the ovarhead

consumes abcut 65% of the thres-way join zime.

G. JOINS VERSUS VIERS

1. 1Ilke View in the Benchmark2d Qu2-v Languade

— - i wme—

In RQL the CRZATE VIEW ccmmand is used %0 se

vircual rela*on which i{s ccmposed of atzributes cf ore or
ati

s 4

up a

more trelaticnhs. Phe VIEW is not physically a rel

[

cn.,
Rather, its definition i stored ia *he database. Tha
following example creates a new victual -elation, LOCATCR:
RANGE of P is Personnel
RANGE of D is Devartment
CPEATE VIEW LOCATOR(P.name,D.name,D.0ffic2,D.phone)
WHERE P,.dept = 3d.name

ue

N == T — ‘w




2. Experiments or View

.,
[0

The views have been defined and stored in the agpro-
priate datatases, befor2 <their uss for comparison <o jecin
operations, Por both the views and the joins, projection
has been limited to fiva at<ributes, but no resctricticn has
tzen imposed on selecticn.

Tke views have been creatzd from a2 500-tuple rela-
tions and a 1000-tuple relation: a 2500-tuple relaticn and a
5000-tuple <relation; and a S5000-+tuple <celatiorn ard a
10000-+*urle rela+ion. These ra2lations axist irn datatlases
NPS11, NES12, and NPS13, rzespactively. Likswise, *he Fjoirns
have teen accomplishked on +*hese same relazicns and data-
tases.

Figure 3.14 depicts the <comparative response +ime
for each cf the three situa*ions. The remarkable similarity
in response times between views aad joins for these experi-

nts would seem to point ou% that <the visws are =rnc more
expensive and in2fficient to use than the joins. 1In c=:xtain

tuatiors, howevar, +he views cculd be of greater value,
¢ +hey require very lit+le disk spacz as compared tc the
ysical sgace neeéd2ad by <zhe “uples of the Jjeinms.
Additionally, <+he view appears 4c provide the ussr grea*er
2xitbility for contrclling access o the databass,
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COMPARISONS OF JOINS VERSUS VIEWS
ON THE SAME RELATIONS

1.%

1.87

1.74-

F_‘".'n-
3

-
3
-

1.6
1.59

§ A iscasicioniii

1.3
1.29
l.lw

rT Ty T I ImMyoTTYT Ty ™

SR

sl é/’.;. = ;
H :
S Freas PR |
H : Ep——
fosw .
1
deh

2
i

s T e i i
i : i i :
e ; - i .
i L/f_ i !
t.. / T —— s i .
- N . : ;
i (/' i ;
s vivsinese B R | -+
L I H
o oo ; i

4 re e I i

2000 3000 4000
tuples joined

5000

Pigure 3.14

Joins Versus Views.
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A. GENEBRAL COMMENTS

The experiments discussed abovs have ravealed several
interesting results, notakly the consistent lineari+ in
join times 2and ¢the apparent sigrificant Jjoin overhead
undcoubtsdly resulting from bus contantion. Figure 4.1
illustrates both of these charactersistics.

Mcre specifically, Pigure 4.1 dspicts *he to*al join
time for various numbters of blocks of join=d dazta. Ths
inherent cverhead is clearly evident for access *to less than
1000 blocks while thcse Jeins involvad with 1000 or more
tlocks clearly demcrstrate the consistent linearity as
pceviously discussed.

As also previously discussed, +the GETTIME furnc*ion irn
RQL has been the only measuremsnt tool employed. Al+hough
rc hardware or software protes hav2 beern available, the
experiments that have bezn run using GETTIME have provided
enough information so that scme staemsnt concerring the
mean cf attainable ©Lleck access tims can be made. Figure
4.2 depic*s the averaade block access time for each tuple
template and th=2 effects on this average as the Join has
teen repea+ed over incrzasingly largar relations (in the
number of tuples).

In Figure 4.2 i+ is evidant that +he cverhead of the
initial access is being absorbed as th2 size of the zzla-
tions being joined incrzases. By repeating the same jcin
for increacses in bcth blocks sizz and number of tuples
accessead, some represantative mean access times can be
ascertained. That is, the access times curves will approzch

some asymptotic lower bound.
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MEAN BLOCK ACCESS TIMES FOR ALL
TUPLE SIZES-GRAPHED AGAINST REPETITIVE
INCREASES IN NUMBER OF TUPLES ACCESSED
.021 + .....
r ----- .f- ..... -
l g 3 4
< § .011<|E....... = e e S R AU WP
.8- .01": ....................... 1 e . . % W ST S o A IRE—
€ .009.-, .................................. 1
L0008 Ho i = ot _,_i
3 @ eeronan roueamens
R )2 rr—— e e e i = =9
’006 3 = T e 5 7 S R T U e T R ST s e T e

0 1000 2000 3000 4000 5000
tuples jotned

FPigure 4.2 Mean Access Times.




| — Trw——v " - vy o . o " . v Sl e i

Figure 4.2 also reveals that for this parcticular data-
base machine that it is more efficient (or profitable) <o
perform jeirs on larger rslations. The access times for the
smaller relations are much highzr ¢than the access times for
the larger relations, As the size of the =celation
increases, +the mean access time demonstrates a convergence
to a representative number, This number, +he mean access
time, can tke considered an important charactersitic of this
particular tenchmarking experimer+.

B. A COMPARISON oF DIFFERENT ACCELERATOR/CACHE
CCNFIGURATIONS

This tenchmarking sxperiment has 104+ been designeld as an
analysis of several differently configqu-ed RDM 1100s.
However, while this benchmarking is making vprcgress, the
availability of more cache and ths database accel tor has
stimulated much in%*erest in +he performance differencszs for
the different machine configurations. Therafore, consider-
able time has been expeaded towards accumulating comparable
data fcr each of the three ceonfigurations on which experi-
ments have teen run.

In Charter III tkere is bris€ discussion of the

m

differences in join times for <+he rela+tions cf 100-byte
tuples. The following discussion focusz2s cn the 24 Jonins
conducted on the databtase, NPSTEST, £or each of +the +hree
cenfigu-ations.

Table III summarizes the average percen-age decrease in
join time for each jecin as <+<he amoun* of cache is increased
from 1/2 megabyte to 2 m2agby+es., Table III alsc summarizes
the further decrease in join time as the database acceler-
ator is added to the 2-megabyte cache configuratiorn. This
summary reveals larger decreases in the Join time as the
sizas ¢f +he relaticns being joined increase. In cther
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TABLE III

Comgarison of Jcins Conducted on Different Machine
Configurations

) TuPte >SIZ7¢t ] ] |
1 ] ] 1
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1 x L 172 MEGAUBYTF TO ] wi TH ADOI T ON \ 3
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words, as the initial join overhead is absorbed, <+hs addi-
| tional cache increasingly decreases +he Jjoin time by a

.Jl

percentage c¢f =2pprcximately 59%. Corraespondingly, T
appears that the effects of adding a database accelerator *o
+he 2-megabyte cache are 1less significant £or the larger

relations, although in 211 cases there is some imprcvement.

C. THE METHODOLOGY AND ITS LIMITATIONS

The methodelogy that has been discussed in 4his paper
Yas furndamentally =scund origins, and *he eaxperimental
approach of varying join parameters has and should continue |
=0 prcvide relevant information f-om which insigh< can be
drawn. However, as discussed above2, benchma-king is a rela-
~ively nsw area of research Ir computar science, and
certainly the techniques that have been applizd throughou=
<he ccurse of these experiments can be improved and refined.

A defiritive performance pronounca2ment oa the RDM 11090
has nct been the ultimate goal due to <he use of “he GETTIME
functicn of RQL. Despita its ‘"coarserness" in get+ing

performance measur=asnts, the GETTIME <function has been

deemed accurate eaough for the purposes of our experimentzs.
Actnally, <his func*ior has been considersd sufficiently
accurate in view o0f the lack of other more accura+e m2asure-
ment tools. Probes havz not been available, and softwars
packages for performancs da4<a collsc*ion have been delayed
and ar2 unavailable for these experimen<s, Putur2 a*tempts
“0 benchmark such a systam should utilize additicnal methods
for de+ermining relevant performance data.

The benchmarking ¢£ <*he RDM 1100 is a project of seem-
ingly 1low priority at the commaad which houses the hcess
UNIVAC system. Existing workloads demand vast amount of the
systaem's razsources, and in reality it has been quite 4iffi-
cult tc "ccntrol" the environment in which these experiments
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have Lkezn ccnducted. Thus +he 1load conditions of the hos+
system mey have compromised the integrity of some resulzs.
Addi+ionally, the majority of the experiments have becer
conducted from a remote termirnal whica has probably €fuzthe:z
degraded the experimsntal results. Obviously, on site,
strictly cor*rolled -experimentation is +the ideal ©practice
for tenchmarking experiments,

Our inability to con“rol the host environment =aises ye+
anotheér issue. The goal of *he exp2riments has be
collect measurements on joins for which «cer<ain paramsters

re varied. However, a major param2ter has not been va

That parametar is <the load condition 9of +he host. As
described abcve, attempts have bean made o rtur experiments
at times cf minimal hest activiey. In actual prac+ice, the
databas=2 machine is 1likely *o be penchmarked during periods
of peak hos+*t activity. Puture benchmarking 2ffor%s should
+ake this into consideration, and attemp*s shculd bz made to
contrcl and vary host load conditions as par% of +he aix of
query scrip+s. In viev of the minimal host activity, the
results we have obtained may be considered as the optimal
verformance c¢f the RLCM 1100 for jcin opsrationmns.

As the deadline fcr submission of this thesis has Adrawn
near, tlanned experiments have been <canczl1l24d from the
t2sting agenda. A "time crunch" has resul<ed from a variety
¢f scurces. Primary of these sourc2s has been the corntin-
uing requirements to correct software deficiencies %hat have
teen identified as a result of +the 2xperiments <hat have
bEeen conduc*ted. Likewise, +he changing of the database
machine ccnfiguration has also severaly cu< intc th: time
available *o run the full set of planned experiments. In
essence, although a grea* deal of r=2lavant da*a has been
ccllscted, the consistency of soms data may be questionable

since a limi%*ed number of experiments has been conducted in
each arza of 2xperimenta*tion.




Besid¢s these limitations and deficiencias, the experi-
ments that have been conducted have provided enough rzlevaat:
informaticn from wvwhich valuabl: cocnclusions can be drawn. |

The results of the jcin experiments described here, when |
combined with thos2 results of selecticn and projection
experiments, comprise a substantial stacting point for the

compariscn cf similar database machine architectures, They

{ provide a sclid framework for benchmarking ralaticnal data-
tase machines. |
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Figure 4.2 Mean Access Times.
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+he rela*icns being joined increase.







