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ABSTRACT

Current object-oriented database benchmarks have the following drawbacks: (1) They
are designed for one specific problem domains. The workload models are useless and mean-
ingless the represent user and application domain. (2) They are designed for one specific
data model. Their intent is merely to measure the techniques instead of the design of the
databases. (3) As the database schemes become more complex and the test operations get
more myriad, it is more difficult for users to implement any of the current benchmarks just
based on their specifications. In this research, we propose an alternative workload model
method in attempt to resolve the aforementioned issues. This method is system analysis
method oriented. We model the workload from the perspective of users’ requirements. We
divide the workload development process into three phases: (1) workload requirements analy-
sis phase (2) workload requirements specification phase and (3) benchmark experiment phase.
Since our benchmark database schema and operations are derived from the user require-
ments, the workload model becomes more consistent, relevant, representative. Hence, the
benchmark results are useful and meaningful. As the diversity of the OODBMS application
domains grows and the scale of the OODBMS test suite expands, our new method
presented in this paper provides a viable resolution to the inadequacy, ir-representative-
ness, and in-feasibility of the current benchmark methods.

Keywords:Database Benchmarks, System Analysis Methods, Object-Oriented Database
Systems, Object-Oriented Technology
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UML ( Unified Modeling Language ) /4
AN EALE o F 1995 FKZ » Jacob-
son FRANAKE— 4 10 B 1) Rffe oo A B a5
M T{E » 1 OOSE 5 : FLAGHFERA [
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PRI RIS - FEE BB R A
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BLZ SR (s B PR B YRR TIRE o
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EuAieyA Ginteger

ME -real
-boolean
e A fset -string

-bag
-list
-tuple
-array

B3 : R Eay 5

TR S R E TR

ERHEI B DI RMERRE - e
BRI BIEL > AR TEEEAEZRTE
FIER - BRHMERIATE SR ( type )
BRI ( class ) BIMEE o AURE FH DA it
fE ( value ) » KELEZEHESR - EiX
HFHBME ( identity ) WIS EZRNE
MR LR Ak tRENE
5 M EPERELEREEREE > ArE
FEEMRLITEEB Y HES IR
B > MERIKIE H YIS A B E L AT
7 o N ELREELIE RIS 7 (F B TRAR R
T IR RS R > RAEET &
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ation ) E2fH & ( aggregation ) ° LLF 5%
BU B a0 {55 A @ 2 5 s\ R 2R E ARG ~ 45
B ELXE R R 1%

1.7U%&

IRE 2 I DAUSRAE ( value ) » L
BN TELMNERES - BERAEBRLIE
( identity ) FIERBIHZR M o Fitn H#H
AIEHR R —TEARE - B EFIZE
(value ) » EIFEYHHBHEEER
FIREE - E LR FIENFEER B A REE
B - e ERAREIITESE - RGN &7
ACECEE  NE 3 B o

%, BEEANESHERNETERR
KERER o T AR5 ARER
EARHIVRETESE - BE integer ~ real -
boolean i string » FAIRIAEH ~ &
8~ Ttk & MfaaERE) ( OID )
ES2ELCERYHNTSE - EIL » M
KRR AT BERV ZURB R 578 o &
BRI RS E LT EBIYHHHIEIREF -
BFIE A ERI L TRRETR - AT
BIEIREREERS L2 L9385 ( OID )
IRIBETFELEE WAL R EATURE
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MHEERUREHWES  bag RIFKEZEREE
FF- TEEZHERIERIEIES ; list
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Class name

Attribute:

Operation:

B4 : B e A REHR

LATR 53 Bl g1 3 JB 4 2 75 1o e I8 R 4 1
A
(DB BT R R

BUEERNRERE - LT
e BUIREEDNRFREBIENHZ
. BUEEREERE  ERZREE
AIRKFFREBEENAT, ERMREERE
BLEE A FEERE o
attribute_name: type = default_value
operation_name ’ ( ’argument-list’ ) ’:
return-type

FATEH A [ B 14k o U RB Lk HL 1R
TERE X 53 47
afHEBM ( simple attribute ) : fHESB
T RE BRI RN R EART
RE - ANET AT K EE A Y RE RO R B AR
BB BUF FEE S ARIMR - RFIEAR
RAENER IR B R~ HE - fotk
BT ERMEREIREIE ( type )
5 BILABA#EF integer ~ real ~ boolean
£l string IR o
b 2% B ( reference attribute ) @ 2
ERBMENERIRE B MR REY
IRV - Z2EBIERRANRNAERYLGRE
FENRR - 2EBHERELENES
#I84E ( pointer ) BUMES > JREERATH
NERERMARISME (foreign key )
BEER  AMAFELEF =2 o
B S2ENBMEREEE > Mg
BANZ LAY » BB E YRR

B - 2ENERTEHEMER . &
% 2ENBUAEGERET RHMELT
TERE - TS REVEAD 2B - 22 E
M ZNEETRERRBR TEH
i - (HERIEATEN2E BIEEAKE
fEEtt - BR E2E0BEEUY)
PREVEBBIZREETF o I BRI RRE AT
MHFERINLBRNER—RA2ENE
T o flin—@R LR EEBERE
fERE - ZERBREHES —EH
EE o R ERASENBETUE
- UTHIRENRBEFERZER
HEERREE
major : department

CHEBM ( collection attribute ) : %
ERENERURERFECRIRE - 8
ERBERANREBEREER IR
HIBEE o qIRTATH » BFIER T B
set ~ bag ~ list ~ array B2 tuple %8
RYREFRNESHES o Flank sk
RERTEREN  HBMERARHEA
RO BRIERER T ERES > 3O
HUERIATHWARNES !

children: set [string]

d. A7 4B ( derived attribute ) : B4
AU LABBRERMERETT - TIRLUERTE
R RGETF - E KBS 1R E H
— {8 B4 HERT - Wid8 ERIRR PRI
17 - Bl B TR & 2 R Wy
salary 75 &EH B2 - BIE] {3 H LT #Y
HAEE :

salary_value : integer = salary ()

3. MURBELRAI IR
A1 5 SR P OB A S A S L

FEE L eE DB R (R > BIRREL
ERIFRAB R =TE » S BIRHEA ~ Bl
BeEiES o

7R (he S 2 5% AU RE BB R AP 7k
M/ — R IERIRE S P AR (R L RE
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WEB L EZZMEB B » AT
BB —M A ( single inheritance ) B
% E# A ( multiple inheritance ) » BE—
MARRNFEINXENReE—EE
B » ZEMAR SR L EERIMACE
Bl o FERURERE G > MANKRE s_aly
BAfR » RREIRE / FEURE ( supertyp-
ing/subtyping ) RYRAGR » 7EXERPE @RI
AMRBEERNSENWREE > BERM

( addition ) ~ BEF ( redefinition ) ~
FR#&I ( restriction ) - FFAORFEBIIIA
HEHEIMNVFE . BERR NIRRT
BEFHESR  RERSFERIEALD
BB o BEBIRIM AN B R SRI0E 5
F7R o

SuperClass

N

SubClass A SubClass B

5 - 4RE 150 RiER

A Bk B 48 02U R B B R 8 LB R -
FIBRTR > RLE—ERIR B S B S —
EEREERE - MM EES A
& ( friend ) BB, #H ( using ) BABE
REGICRABE ( instantiate ) o BAZ&RBAW:
FR— BRI Z S 4ERIBRE] > 7T AFEX
H—XERI BRI  (FHEREMR R —E
ER(ER BB —ERIRE ; BEHCAIE
~—{EER RS —BENER AR -
$E R T Y B Bk B CR AR 6 T o

Class A RoleA RoleB Class B

B16 : a9 F) B oty R ik ik

#& ( aggregation ) FEEZEE-J

7 ( whole-parts ) BYIEE - S RYEERY
HBER SR EPERIRE AR R - RIPLEREAVAR
BUITERBRHIMERIZ S » ‘AT RAY » B8
AR R DA B A R - B
TRETHEEMESHWETR > Z0N=8E
—IRfURERAER > B—IRAREBH
$ah o

Class A

PN

Class C Class C

B7: &4z ki
OXGHER

REEI T RERZIERMENRE - [TRE
e _ AUER B R R TR EHEEY > &
BERERM HHIMRH R EEE - i
2 TIFBHEAKNFEEEER » RHETE
ST B -ERE S
ESRBITIFELZER] ( instance ) HHEAHY
TR > BREYHRAISERENESE
B gHEFZIRANRE ( state ) > #F
£ 2UNALIE N e AV S P 4
% o WFEAYHIRBRBE RIS - H
NEEY —EENYMFNRS » B
BREE-XHEL | B-EBRESXKS
RERAY - BT RAERARE - EF S
THEF B S IR R 2 BB TR K
ENFEERETR  RMOERYMTEEE
( collaboration diagram ) ZRZFER o

1L EBE-RGBEA

B SIRAZERYFREREE
RETR o MIFHIRREETS B T BRI
FECHEmEIN » #ZEREE - 575
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Dlgxtal watch

‘&lHour : integer integer
Q,Mlnute integer

*inc()

Smode_button()

inc /hours := hours +1

________ N

Display mode_butto Set Hour

mode_button

inc/minutes := minutes

L

Set minute

do: display current do: display hsurs

_

do: display minute

mode_button

B8 : RELEH B ey T

FSHY—E AR AR RO o M ERRARREE L
T RAREE ( state ) ~ E ( event )
HLER ( transition ) 3R{EIRAR :

(DARTE

RRERYI MBI RSO S: » A
AHBIEERESHUNRE - I BREFYH
WERITR  RBRZEIYHEREA
EAREE - MIrRRER DEAN RS
EFLLERR > W0 8 AR o ARRE A =18
BB - ARRERYAZTE. ARRERAT(E A FAYEE
KB E RIS - WESATEERZENE
BLUTHVEE A ¢

event-name argument-list ’/* action-
expression

|l B R P ARG R Y R T AR R
T BAEREEM > FORIRIAIITE
event_name . argument-list . action-
expression 7 BIRRNBHELTE. B4
PREEEISIRIUATED -

DT S REN - QI RREIRA
RET
"entry’ ’/” action-expression i# A —ik

REFTERERIEE -
"exit’ ’/” action-expression B 3 — AR
RRATERENTED -

’do’ °/’ action-expression

W FTEESHEE) -

B9 : AR ATk

@)=

RGBS E T - EHE5 YR
RERVIEES - B ATRER (DR R LB
Re—EYI - Z I RENEAR O —EY
52 =2 BRI Lo B RS B I B T Y
R - BFCREEBHLBEIMN LER
B N AIEEERTR ¢
event-signature := event-name ’ ( °’
comma-separated-parameter-list * ) ’

REBICALU T uag K
parameter-name ’:’ type-expression

QIRBHIRE

AARERVERTE BRI AR RERDAIRBAGR - 42

fER —IRRE
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H B BRI B B U B R 0 58— TEARRE AT
KA SE T REIARE - B EREA ERE
H o HAMREET DI RER B R RY1TED
AT o TEARREEE + - RRERIERE LA
HEERAABHE OFFERT > EES
BREERTE > BRFHRINTAR
event-signature ’[* guard-condition ’]" */
* action-expression
> ( * send-clause
event-signature : = event-name * ( °’
parameter ’ » ... )
event-signature & A 2K 28 3 3& AR RE IR
BB RTBERR -
guard-condition B2 A E M. BHEHEEE
W L BT RN RRRE o
action-expression & & BRGS0
AT EBITHREFIERTRN o
send-clause B R RARRER B AT EER
AR BIERED oS EAREX
(' destination-expression ) B1ZE 444 8
( event name ) > HLATHIE :
destination-expression ’.”  destination-
event-name * ( ’ argument > ...." ) ’
LIN BIRRERB FRIG T - RRE
FREE TEBRGRWEGHER B
FERAEN > HEHEESTENS
fF o
right-mouse-down ( location ) [location
in window] / object :=pick-object
( location ) "object.highlight ( )
2 HERHIEEY
HEXSRIUZERYHE FERE
EX G - MHERELEER T #itY)
RN E(FRBEFARERMG TR
TR — YIS AR R B EEA R AT
B RS RE T RUFRER S E
WEIR R R B -
Y& R E 5 A E AR G - 58— (8B
R BWLEY HHESIEB N EAEA 8
RS EEERAEG B M@ A

MRS T EM L ER B » IR
FHLBENARIEFSE - ERYHEE
BB RERIER D

VIt E (EE Y BT > BT LU
BRI ERFEM LY 2 RS 1EE -
ERVIFABIEETT % - BFREIRAITNERS
HEFRE o Rt » RERPELTEAIT - 4
HEEENS—EE D - BREVFMEY
REMER » M RHEEHTRAR > D
ARELER - AREEFAS ( signal ) &
W ( call ) 3% 5 A B HE B9 5 1
( condition ) BAFFRIEH - AR EEE
FEV PR BB R (Ro5 I — W7 EE - AR
HAIRY AR E B IR o RIHET
RS ERE BRI L - HFARRERLD
AR -
predecessor  guard-clause  sequence-
expression return-value := signature
guard-condition := ’[” condition-clause ’]

’

?

signature := message-name
ment-list * )
predecessor : KRB BITHI RS
PERIRE » TEREBVSARE L ZHT - AT
/INFERBIROER SR A H S T AT ©
condition-clause : fREFALE | FHI5E
TR - BRAFRVR T AR — I EE
EREE  flan XY c KEXKRY
R80T ©
sequence-expression
JF o
message-name : PR LENEKEHEWH
A5 EHIBE A o R H DUR R85 302k
BE > FlanE a0 R DB
HRREE  ARBBAREENEGH
HEEVLERBBEMHENTERERE
A o
return-value : 3 RIEVH A BIRIREIT
STtk 0 FTEERE - BARREEHE
fE > AULETEA AT LR 226 o

("’ argu-

b4

AR BITHIE
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B EESE Ft8 8

argument-list : 7E3E 5T PN LIE B 2 bR £Y
REC BT EARRE - ESRIAN
NERIZZ2HY o

=~ TESRASHBiEER

E_EERA TR TR ST
ERFria BLny B T ZU e M MR AL e E A
B DABR B B 7 A SO B RB AR A © R
{5 AL B €858 ( schema defini-
tion language ) #YJ5 KRB T E & 1T
HIBFREE RS — ERHMER - BRI —LREF
BUE R FRE 5 AR B R B REER B
— TSR B GIREAY o B T RS TE BREE

<benchmark specification>

WEBRRMWIEEHEAUES - ATET
— S ROFEE T ( parser ) B
o BMEMRT BNF ( Backus Naur
Form ) B AREZ L FIRI RS M
E - BNFHMHRERABARAY
( substitute rule ) BeAER R ( produc-
tion rule ) KI5 - B—EFFIEEE —
[EAEERR - FFRATERMET . BEEZ
TBEE DR o LUT BERE (SRR
REE LEREER o TR T AREVERD RIK
AR E AR EE & - SRR T (E
BENERER | 52 5 R B ) 5

A o

il

::= DEFINE BENCHMARK FOR <benchmark name><workload specification>END BENCHMARK

<benchmark name>
2= <identifier>
<workload specification>

::=DEFINE WORKLOAD FOR <workload number> <workload name><data specification><transaction
specification><control specification>~END WORKLOAD

<workload number>
1= <integer>
<workload name>
1:= <identifier>
<data specification>

2= DEFINE DATA SPECIFICATION<class definition>...END DATA SPECIFICATION

<transaction specification>"

::=DEFINE TRANSACTION SPECIFICATION<singular transaction specification> ... <compound trans-
action specification>...END TRANSACTION SPECIFICATION

DATRIR — LR R ERE :

<character> ::= <di%it> | <letter> | <special character>

<digit> :=01112T3141516171819

<letter> ::=<lower case letter> | <upper case letter>

<lower case letter> == alblcldlelflglhliljlkllimln

blplgqlrisitiulviwlxlylz

<upper case letter> ::= AIBICIDIEIFIGIHIINIKILIMIO|I

PIQIRISITIUIVIWIXIYIZ
<special character> == !l @ | #|$ 1"~ & | *

<data type> ::= <basic data type> | <user-defined data type>

| <structured data t %?E(X(fressiorp
| BOOLEAN | STRING | TIME | DATE | DECIMAL

<basic data type> ::= INTEGER
| MONEY

<user-defined data type> ::= <upper case letter>[{<,upper case letter>}]
<structured data type expression> ::= <structured data type> ( <basic data type> )

<structured data type> ::= SET | BAG | LIST | TUPLE

<compare operator> = <>l = | < | > | <= | >=
<string> ::= <character>...

ARRAY

<identifier> ::= <upper case letter> [ { [_] { <upper case letter> | <digit> } } ]
<numeric literal> ::= <exact numeric literal> | <approximate numeric literal> |
[ + 1 -] <unsigned integer> [ . <unsigned integer> ] |

[ + 1 -1 <unsigned integer>. |
[+ | - ] .unsigned integer>
<unsigned integer> ::= <digit>...

<approximate numeric literal ::= <mantissa> E <exponent>

<mantissa> ::= <exact numeric literal>
<exponent> = [ + | - ] «digit> ...
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OB BB RAER

WNRTATI » ERHEE F BB HME R
FENE WLy -3ER - IR (R
ERIFENEE o LT IR F /8 an e
RS NEES 2 Bk R B B dE
BRI AIRBE R o

LERIMRTE

R RERBYHRAEREENH
& REHRES AR REE LT %
{ETCH -

- BRIEE ( number of rows ) : IBEL
a0 E B

« SQHE B ( superclasses ) @ EHMEBZ
FrA E#CER -

<class definition>

- B ( attributes ) @ RRAB B
VI HIIRRE o .
- EH ( operations ) : fFHERELERSY)1F
RIIRRE o
- S ( key ) BEE—% ( uniqueness )
BRI o
U EBETHEIEVE BT HEHE
RPBVERNEZNWEETH (BB -
Fik - REIRE) » SETHNLTEEL
ARk N EHERAABHANE
B o ARIERHY TR B BE S MR %
w HETHRES  THEBITAEMN
HEERIE A TRELERL - DU IR YIHER
T FHMIREY

1= DEFINE OBIECT CLASS FOR<class name>NUMBER_OF_ROWS <number of rows>[SUPER-
CLASSES_ARE <superclass name>...]JATTRIBUTES <attribute definition>...[OPERATIONS <operation
definition>...][KEY <key definitions>]END OBJECT CLASS

<class name>

1= <identifier>

<superclass name>

1= <identifier>

<attribute definition>

1= <attribute name> : <data type>
<attribute name>

1:= <identifier>

<operation definition>

::=<operation name> ( operation augment ) :<return value data type>

<operation name>

::= <identifier>

<operation augment>

2= <data type> [{ 5 <data type>}]
<return value data type>

1= <data type>

<constraint definition>

1= <attribute name> <compare operator > <compare target>

<compare target>
::= <attribute name> | <numeric literal>
<key definition>

1= ( <attribute name>[ { » <attribute name> } ] )

2. 355 R BR #%

EEP R RERERHEAE » ALz
ORIFTERR NP M A RIBR R - [T
LIS LM BRI R RSB EE -
¥ 7! 35 HH & #& SUPERCLASS_ARE JtT %
TEARFE H H SCHEBIR 2T8 o

FRIRRT Lt rI AR £R - 2RBURIAY
AEEEEMREES ML EAE#SIR

R b ZR B HA RN S FEURE A 55 —TEE & o
EREMELERER Y  SERRE
WAL BB A E o AL TER ey
2 - SRR R E B RIS ST FE B DA FE DA
AR CREV B 1L BE 5 | AFTRIRIIRIR R 2 -
MmEZ  ARERBEI B ES I AE
SHAE R R NG BR RIS | AHEELDY o 7
VI E R AR - YRR BE G (5 A AL
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REVHENBY - d—EYFREE—(E
WL EYI TR T LIRE - — i
= AN REEER —ERERENTR
E o RTER - B LR R EY) 3R
P RETFIE R REVE R ILAERA 1R - 40
HEFI RIS R LR R - BREGAU
BE IR MVE B -

OBRBRENRFHEBEZHHER

TEEHEANBRENTIEEEXS
TR B RAY - 52 B IR AU AT 7 B —
L5 HAEE SR HIRE - FEEPIREH
TEERAE » 5B AR REE R [ £
e REIRFEE LM S - LUTRIERAL
fR0{5E A SO AR s TR AR AL B RE B RS -

<singular transaction definition>

BFEEIR BCE H—H

3 B R AU BT R AR A o

1. BE—RG5HEA

B S IRAE AV IR R [ 3k
M ERZ ZE - MREOERE ] LIFEEY
T ER R E X FARINES - LEH
BERRRE - TERECERMLNER
BREBRMERRE ARERA —EfRG
LR ETER G ETIT - BRI
o SERT T LBIT o DL ERVETE - 5B
B EER D - SERGRAE D REAR
RRESE AR - KRR EERER TR
AT BEELERAV IR &
BETEVER D RAEBR PR LT - R E
A BT B I (B DA EUARRE o DU R
EEAXFERE—XBHHREE

::=DEFINE SINGULAR TRANSACTION FOR < transaction number><class name>
<singular transaction entry>...END SINGULAR TRANSACTION

<singular transaction entry>

2:=STATE FROM <state name><state transition entry>STATE TO<state name> <transaction number>

=<integer>

<state name>

1= <identifier>

<state transition entry>

1= <event signature> [ <guard condition> ] / <action expression> " <send-clause><class name>

1= <identifier>

<event signature>

1= <event name> ( <parameter> ... )
<guard condition>

1= <attribute name> <compare operator> <numeric literal>l<string>

<action expression>

1= <operation name> ( <operation argument> )

<operation argument>

:t = <data type> [{ * <data type>}]
<send clause>

::= <object name>.<event signature>
<real value augment>

1= <string> | <numeric literal>[ { , <string>| ,<numeric literal>}]

<transaction number> X2 32 5 7F
B BB EERE > <class name> &
BB EFENERNLM > <singular
transaction entry> Rl @ B EREERHE
B BIERRRER R 2R F L B (AR RR LR
BT ER o

2. HERBIRE
EXHIRAFERMFSIEERRE
5L 5 FO R SR W A BV R NI © 1
EEESEmEMD - FEEWLEYH KK
SRR A EARMR - MFERALITEE
IR E BRI & (RE



BERNERROMNEQ NG ERBRBRAFAG TEERE 59

<compound transaction definition>

= DEFINE COMPOUND TRANSACTION <transaction number> <compound transaction name>

<message entry>...END COMPOUND TRANSACTION

<transaction number>
1= <integer>
<transaction name>
.= <identifier>
<message entry>

u= ER  <sequence number>[CONDITION <condition - expression>]MESSAGE FROM CLASS
<class name>[OBJECT <object name>]MESSAGE<message string>MESSAGE TO CLASS <class name>

[OBJECT <object name>]
<sequence number>

1= <unsigned integer>
<condition expression>
::=<condition>

<class name>

2= <identifier>

<object name>

1= <identifier>

<message string> ::= <operation name> ( <operation augment> )

<transaction number> %7~ EH B I IE
J¥ ; <compound transaction name> & &
TEMGFRZEERHEE | RIEYHE
B =Y ER L AR YR E R - AP
L FBAIREE Y 5 <condition expression>
RN REATBRF » <message string>

<control specification>

ARREVHEEEAMERENAETS -
3. P LAY
PRI H B RS - FFIE

R THBENEEREESE TS REMNIR

1= DEFINE CONTROL SPECIFICATION<transaction entry>...END CONTROL SPECIFICATION
<transaction entry> ::=<transaction type> <transaction number>TIMES <repetition number>

<transaction type>

= SINGULAR TRANSACTION | COMPOUND TRANSACTION

<transaction name>
;1= <identifier>
<repetition number> ::= <integer>
Hrh <transaction type> X E X 51
fE%H ; <transaction number> & & fEAL
B BI8RHE ; <repetition number> HIRR 5
HIRE o

= BEREHSAFEE—EEREE

A EHE AR (RS PEES - (E—H
VIR TRIIRH o I TR SR
B A R = M B B T B R A Y
HBE o FEIEE SIS ( parser ) 5
SRR TIRRIEA » 3 4 BWie
BITNILATE o AT FRIGHERT BT bl
R TIHE S IE R R S =
IBTEHE - B BZRERE 458 ( database

generator ) . R B E £ ( transaction
generator ) ERJFIZERESENZF ( test driver )
o R EEL SRBERERANERHE
B WECE(EEE LB EREET
X DESERENERE » BIRIEE
BHEH E A BRERNERERR o &
SES R RIBER BB AN SHE
B> BRIl B S TR R BUE B A
MRS o HIRERE) 25 A B ERT RN
20 EEIIERE R FIEH RS AT
BXGER » X5 EEZPTIEFREME
&R E R ENRBEIETF o LUTAI$E
TR (G FE A SN = B T R & R
BH .
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BFBESHE FCE F—H

B
w | | & % H K 4 R RIS
# T 25 B A X BANE
i .
XL T § EHAKE
B10 : BHEA G BEEREE
ORBEELS AFRIE > FHGH BUEORE T 2

BREELESNTIERN > BREE
PR ELRGERRENEY - T(FE
BANERENE < REEYfERE
FHEEZ SRR EAHRT o RItERE LR
ERR BN E EEEERERAN 1§
RIEEBRARETEAREEEEENT
ZERR -

FHMBREERWNE (R BRAFEFREC
FHRENY H RIS R E TR EE L S0
MEERFES UHRBELEREZIEH
FE o M E EHTE S RKE TR EYHE
[MEREELE - HEGESIRNYIHTE
REfZER -

OXRZELR

ROEERTIERELNREREE
HHMERRENES - XS ELEFZIGHIFCER
SRIRTE > E—TERMNIREMIRRE
BREKALHE. MHERE. BT
FoF_BERBNXSEE » BERE
BREY MR L B A B i B EE o
BRI S E R A BE ST
SIEE o

LR(EERREE

EEREHNERNEAEHENEES
BEAERNER  F-EERHEHREREH

HIEERT - AR L AB S E #%
( catalogs ) . EIFK5|. HHTHIER
BREEREERE L. RMERERER
WESE o

2.FREBENREER :

ERENXGERRTERER PR
R BEBER T HAE » THIRE—RI
HERHRRAENXHER - B—X5ER
ERigEEYFEE NGRS ERTF
BEREEBEEE - LHEETR I
BE - HEXHEHRRBAAMHZEE
TRENS > LEETRIREREEY)
T B BRUSfE0E B SIS R Y
R ELERVARBX TR AR L
NE  BEBENEEEEBENSN  BEL
ATLABITRIRE S ©

CORRAEH S

IS BRE) &% R AT i TERRAM
&l BERBLEEENEFERT -
HEZIEEH 1 RRPERIIR ARt - N8
FRITRERS - 2ERTEERSM
b - BEERIRIGCERINE » DRE
RREGCEMERNRERZEZE - 3R
BREAESEHEENENERRRBRE
¥ WEYIMFERERHEREN -
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Workload Model
Generator
Workload

f

Bi11 : HhEERE A B E8

1B~ ZHEAE

— ~ BIERHEE

FEERMALEE  TEESHRERE
BEBFEAENEEYHCHBERRR T E
BIEA - WIRERMEE, TR EA P
AL o F2FH B SRR RHEAS S Bk
EFRE TR - EEHEERRN
& HRERF - RN G B BRFR TR
BRI AR RS 0 '
TER AV ERIBINE 0TS - BNEE
RMEEREREREREECH IR
AL > GG B AL RE R T e B R AU
NFHRBARRmRES - HILR MG E

FEAMLE T IERMAELSR, -
-~ TreREESES

MU SR TESRAESSBIRE
it » FFNG TR REAES B DR AE
TR oHE TERMRARES . .

TH-RGRAUFES. . THARHIE
HimeEas, . THEGRAGRES . K TH
HEHES . BEFRHENSHEEEE
B3R - BB SRR 2 R 28IRATHE
% MENFTR - BheyERRARERN
B EFIEARESARUESERS
RARE SN BEE o FICREEERM
GEFRMNH » [UEFRRVRILEA
MRERE G HEES L - DEEXF
BURER TR B AR o

B12 : HEN BB RZHNER
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BHEESR L E—H

B13 : Hems itz e ER

O F A A 5

ERHEARES TR T ERIRIR
wmagEs o B TAEBIRIEES o o JHBURARAR
EETEES T EREHMEE A
R WIEMEA. BEURE > EiEE AR
REVER - AT LR LIPS B E ;
ERSEARIR - WIAIT AR SE 5
ZHEE SRR FER T 2B
[EFE ML A - B 1227 AR RHEA
i B 3 T B2 A HH SR B B4 OO7 B RRET 5
SRR RE < B ; Bt - HARTHR
SRR R IEMIRRRET » B 13RFEE
AR R E T AT E A BRI EE ©

$R 7! A e AR A 2 A DARR R 48 B BUHE R0
#®3 o BEBERERES ERES £
Pulic clss_name AS String
Public X As Integer
Public Y As Integer
Public width As Integer
Public height As Integer
Public attribute_num As Integer
Public operation_num As Integer

Public num_of_rows As Integer
Public primary_key As Strin

Private member _attribute (%0 ) As attribute_entry
50 ) As operation_entry

Private member_operation (

H i class_name fETFAERIN L TE
X. YRIBURRELE > width .
height FREEEEFE » attribute_num .
operation_num B DI REFE B HER

&R ESEREER - R EAERR
ERNREEE (E U/FR)  1tE
H R AR - BEENRTE.
REVRELERINFTEEMHER (B
R F o BIMERETLELT T8, |

THHER L ER TiEUR L FHEERE AR
o, MEREMESERIN B EESR » B
A LR AT R ARG - SER IR AR
REVESEAARE, BEEREEFTZAE
ELTBEE - BEERBEEPIEER
ERMREREK  EHEERET TH
55 ARRSE o BIRT S ARREE B E Y AR 5E
B BT REFELULESEERMNE - HLL
VB BRI E T — BRI B REE

HIZRLUR AR ¢

BB B > num_of_rows 2C & I 48 B 69 4
B2 > primary_key B B LS & LA B
f F # > member_attribute #7 Bl 5E £
attribute_entry » ALIGCSRIERIHATE S
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B4 : 5 BEEnEa

798 M 2 BX At # 4% » member_operation
f U BE £ operation_entry » A LAEC 8% 48
B ELAEE Z R ET R AE o attirbute_
entry £ operation_entry ME R E#E &
FRANTAR ¢

Public Type attribute_entry

name As gtriné

data_type As String

End Type

Public Xpe operation_entry

filepath As String

return_string As String

operation_string As String
nd Type

OE—XZhES
B omiEd TREEHREREL

B9 R8BI 18 E Y PRARRBRY L 6B HE -

BIEREY R & o BEIN A [F AR RE

HRBEGZBEMELNRERIEN - B

—REmEHRANEE TIREREES ) &
FEfRERS . WELRFERE—-XXS
fmiE AR AR EE T o

ARREHmEE 25 bR T BURN SRR AR REE S
- B REAE TS ERBN LT - W
INECE MR AE LLAR RE YA AS RS ] R 99T
B W 15 BINEIREFRESE R
BN ERREIRFIGE R LU T B RHE 2R
FLURER

Public state_name As String
Public S’cate_ty%ae As Integer
Public X As Integer

Public Y As Integer

Public width As Integer

Public height As Integer

Public action_num As Integer
Private action ( 50 ) As String

Public Sub set_action ( no As Integer > act
As String )

. action (no ) = act

End Sub

Public Function get_action ( no As Integer )
As String

et_action = action ( no )

nd Function

H b state_name LA TFIRREHY
T 5 state_type FSRECERARRERVTELE -
MERXNHERRBHTEE S =T » 55
% START . END i STATE - &3 5I5E
TVEIARRE. FEPRARRBEL—ARAUARRE - x|
y A2 ALRTFESEAALE > width #1
height IS EERESE - BIMR
53 B LA action_num H1FE 51| action 2R 1%
HIRBTHIFTETE) - HFATE VB FfEF
BRHEEELIRLE ( private ) B RZEE
& At BwMM©ESEEFIIAE
set_action B get_action °

B RESR T LB ERASGN
2. BREL B, 1T, FREIE
PSR R BB B I % > BARE
s EBEANEIL6 , B17FTR o MR
THERHE R TS B ERS RN
TRREER% :
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BHEESR £CE 2

Bl5: B—-Xpm@Eisvatia

Public source As Integer

Public destination As Integer
Public relation_type As Integer
Public source_x As Integer
Public source_y As Integer
Public destination_x As Integer
Public destination_y As Integer
Public serial_num As Integer
Public roleA As String

Public roleB As String

Public message_string As String
Public event_entry As eventClass

RGBT AT E & 2 ERHEBIR(E R
S0k BB A BR FREAI (& TR B Z 3R
BER > FitELEEREERR T BFE
B ) B FR L) R ER B R B0 rela-
tion_type . roleA i roleB @5 T io k38
BIGBIBASR o source BE destination & 5
TEBRRRBESR CRFHEBMARE o

source_x . source_y . destination_x .

made_bdton{)
mode_buttarl)

incl)/minutos;eminuteset

destination_y BIFA DAZC 8RR IEARREELH By
AAREHYERR AR > TERTEEHXEE H
B9 ;serial BIlE A LAEC B FEA B BR T 1Y
FFER 5 roleA Hd roleB FH LLET %48 5 B 1%
K> RI{EERIATIDEAY A o message_
string IR %A BN FESR - EEH
event_entry & & T H B4R EFE 3
BIFEE » eventClass W EF FE &I T Fr
7N .

Public event_name As String

Public augument As String

Public condition As String

Public action As String

Public object As String

Public send_event_name As Strin
Public send_event_augument As Etring

R B DU T
L6, EOHGE. R, BRI

Bl REBBRNREEZD
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B17 : ¥ ESvREda

1on Model 1]

B19 : HirGaEsSnGagEEn

178). BN, IRERBATS 1 #H
EFATBEERR -

OReEXZHES

B EmERRERAERENFAY
AR ELERGR - LUERGEE 25
BE  HEXGmEHEEE "YHRE
750 B TR REESS . o ‘Wlﬁ:ﬁﬁ? object

_name . class_name 3REC&k » A BRI E
MR REEGLE - EEREE -
Y- HmeE a8 BT LAR(E R & eI LA EY)

HHI A TR BN MER » EiREEmEmINE
19 ; SAEMRIESR T LRFREIREFA AN
FFaR. &ts. REELES MRS &
HE 28 A 0B 20 AT 7R ©
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W20 B
() 4 A ) 4 08 22 M~ BREAROHART &

PERIR AR R T Ere B T E S
RE®B AN S » 18E X B IEBWE S
B > EXXGMIERFHEEE o EHEA
ﬁf“%z%%@ﬂ@m%mo

@) o R 2 B

EEEERETR LR EANES
RER D TRBEEN  FRETERKT
SRS TREE ) RE BiHEE
RENE ¥ BT 2U R T B 1 AU AR SO
RRE T BIER > DIFIFEHE TS5 B
FER o SRA 0 2 TE AN B 2277 o

FEASCH » IR T I8 R
54T 77 2 2R B B T L 56 PR B AR R A
ZITIERIRA > R —RESTE T EE
HEt B e e » kB2 BEE
FENFERKME - FERAHITEEY
REMEMSEE B, RREHEITEM®
M ARAZBRENEAEMEERE
# o ARFRHIAER X FARNGES
MR B AU ey TR 2R - DIFIRE
SR R EE RN TEERA L
FIHYE o BAMTRERR T AN A SO AL RR Y
TEEHEANREFERTHERER
BB B B A AN BT B = fERAR T
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