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Abstract Currently, multiprocessors are cvaluated almost exclusively with scientific applications.
Commercial applications are rarcly explored because it is difficult to obtain the source codes of
commercial DBMS. Even when the source code is available, such as for POSTGRES, understanding
the source code enough to perform detailed meaningful performance evaluations is a daunting task for
computer architects.

To evaluate multiprocessors with commercial applications, we have developed our own DBMS,
called EZDB. EZDB is a parallelized DBMS, loosely inspired from POSTGRES, and running on top of
a softwarc architecture simulator. It is capable of executing parallel programs written in SQL. Contrary
to POSTGRES, EZDB is not intended as a prototype for a production—quality DBMS. Its purpose is
to easily run and cvaluate the performance of commercial applications on multiprocessor architectures.

To illustrate the uscfulness of EZDB, we showed the cache performance data collected for the
TPC-B benchmark on a shared-memory multiprocessor. The simulation results showed that the data
structures exhibited unique sharing characteristics and that their locality propertics and working sets
were very different from those in scientific applications.
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AFE 7l ¢ w2 £ BAs sta
FAME 714 &dsiA d7rt AR e Bk
¥ 22 (parallel processing) Eoko|tHl]. =, 4
A E 93 dEI 2 A A (multiprocessor) A|2=8l
e Abe] FulsEle EAE AHEsly]) $3 €4
AN 8L adFor A|FI Jon oy F
T A&E Agoltt. wEfr dFZIAA Al2E ]
g d&3lr] A 23 WbE ZA4F Jed
Ron, olejst R FAFEH AzHS A

1 ol vlg] Atd oA E4& H
e Be AL w$ $8% dojvk ey, dFER
AA EAE Zhe AFEH Al2de S P
B A|2®lof wgte] 237 A oy, o=
olFlelA e} HE xzad FAZ ¢ EFS 43
24§ uj o}

dutzxo g FHd 2el(shared memory) U3 ZA
Al AlzEe gd F4 T2 AFTSY vl Held
zzad §4& AFdct o8 FRHEY ex
A ANz"RdA 22 AeE AT HEAE T
f+ ®loJel(shared data)ol]l thigt AM2 HEL o))}
€ Zo] Aol o]xdt ofuldA AEA L §EL
FEA S WX epA[2 317 PEE olEE FF38] ol
HAvz & 4 9k 2@y AFE olF|d A AR}
A x ga $89 48 &8(commercial applica-
tions)oll E 53 54 ofF F§3] oF= =] £}
I 3t ol GgFEZZAA Al2HE Hriebyl oS 2
83 DBMSS] &2 ZEds gutdo g di|2Ely]
ojg7] wjFolty. HA} POSTGRESI4]9 & 3 =
2a9s 45t stz B335 vojgr 3, 37
(locking) W, $4% 219 Z== FHFH ofFHA
AAAY Feg Hrkeked oElds Zeth webA
AFE  oplexn  AARA  POSTGRESS &
DBMS &28 47 £2 &8sk AL e FE=y
& Yolt}.
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Structured Query Language(SQL)E ZrAde #H3E =
2392 £33 ¥ £ e B3 DBMSE Nustich
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2. EZDB

gutH oz wojeiols AR 9] wHlolehu|o]2E
dleel gs=el o)), dHojelyio]2 F2& dojE}
wolzujo] Y=g ogA golsta AL FHFs)
A5 ARt DBMSE o8 7hA] dlojetdio]l2 A
kS YIEAIF|HA djolebHlo)2 #m=ol it do]E}
Hlo]2 F2hg Fgt ol T FHY AEA} g
= e, AME I AFERolsr FHAIE DataBase
Administrator(DBA)°]tl. DBAE wl el o)elol x5t
bojeio]lx PAE Y M= & 5 Y= 5L
7FA 5 9tk EZDBAAME 23YE 3h(script file)S
FalA AFE = I AME-RRe] Aol (query)RE AlE
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golEgtt. <ag 1>e] Jehd EZDBS FZEA 3
Aol A 7Y d5¥ Rio|th

<3y 1>l yepd Az o], A%HA do2 F
AE 23YE gd-g AR ZAdshd de] FHud
g7b o2 AddEc a3 Hudd ZEoPe A
9] A&l7I(Query Processing Unit), 23 7}(Execution
Unit), A4F7NComputation Unit), 4 <I(Search
Engine) 5l 9J3] #€ch 714 dlojg} 7x= v
ete]o]ENmetadata), ©iolel#lo]2  HoJel, AHx
(index) dlo]elE X Fach

AA gk EZDBol thal AHA3] AwRrat o7)A
AE, Ho BEe], A9 AL 77 2aYE HY
o vebd Z2IPF, AJFo|A 28 SQLI FA}
& wEo], e FHEouo §5& 9. dwtze
2 A9 "yole HolE olF, 24, A FF A9
A2 g AAIE F& A 98 2 A9
Ao PFE XTI}

2.1 A3RE ma

2FHE HY9L dAde] FoFo] TFH C T2y
22 geedl 93 PAJA A5 B0, <Y 2>9 2
WA Zoll Al WAgE PQexec()ol] 23l shte) Aol
ol DBMSE Hesm, 29 Axddo] st s
g}

for (i=0; i<N; i++)
PQexec (INSERT INTO table A VALUES (:i,0) i)

a9 2 23YE 34 9

2.2 3ol AUy

DBMSOlAM T iAoz 3719 Hapdeirl Has)
o). she DBA Ao AMESE Data Description
Language(DDL)E $1% 204, EZDBAAME X35 A
¥tk g2 Fadeis AMRA 2AYE 3L e
zaggd Aol 3 Aoz EZDBAAM 2aYE
B CE AAHROY geez ALt ks A=

HE Bdol gl FAES "o HFE e do o
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Fo] 85 FAE § Uch
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27)ut, o] #de] 27Imizie] W@ 52 BARICL
detdlolehs F2 Ao Al Mgt ey
Ze| FAodee desolElE AF X oA ALEsin,
#4244 71 (Constrain and Integrity Enforcer)t H
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no_of_tables
3
{a) TableHead

table_num {table_name|num_recs|num_fields pum_primary_keyv primary_key_fields

0 table-1 10 3 1 pkey-1
1 table-2 50 4 1 pkey-2

(b) TableTable

table_number | no_of_ficlds [ﬁfe’“] field 1 { data type 2 [filed 2 [;?")’e“‘g field 3{ -
0 3 int pkey-1-1 float XXX | char
1 4 int pkey-1-2 int yyy | float

(¢) RecordHead

I3 3 EZDBOIA deld o]l

o] & AFh AZE EHolBo A4 o v} o
22 sh¥ Z7)8ktk TableTabled HoJlE o]29]
Z2E, Z Holg9 HIE 4 7t YRS JEFE
EEety,
9l o) "9 AEE IFEth RecordHead™
BlolEe = ol Hole F/FE Td3L, & Ho|
£9] AIE 5 A

delete bit| field 1 (bid)
0 1

1 2

field 2 | field 3 | field 4
105000 [350-390{ -

200100 |350-370] -

19 4 EZDBoIA] dojgtHo]2 tolg}

delghol A Alm=g Edshs dHolBe FHfol
o A7 Hase 2 /9 &4(attribute) &2 A
Hed, HolE9 #HI=E o#olarray)d AFEHI:
AREARe] g Aol ostd ANHAY Fdn
RecordTable® #Z=E X &3l doJeldlo]x 9]
E0dl, <Y 4>9 e ule} Lo] AA) mEZS
e webA shtel Hlasst AAEA o] HESL A
EqAg, AAR #Rze AAE DBMS F3A A
Eld= 3

2.5 QlEiA EMY ol

oioleluo] A Al FE gAizaE g E3}olrk
°)1Z 93t oW g zHe} g FH= AMS A
&3] Fgstr] flstd A9 A8 FRE :
EZDBAlNE B0z wals B4 gulo ourss 3
dst7] 95t B-Eg] FxE 0|83t} oy B-E
HolEo] =9} FUsir], B-E2] U9 ==9
18] dm= 49 FAsT

o &
P
T ]

7187\ (primary key)E& TAsE "= &+

FE el HA A 6 A Al 4 520008

PRrimary & &iues in a Record
A Address ofthe Record
d: Delete Bit

Node 4 Node 7

Lk t]]

Ll ] [rdbl]

1Y 5 B-Ed

2.6 AlEly|

A8 71(Execution Unit)= 9] W& olE $33}=Hd,
"o we} 4, $&(Boolean), B4, AL 1L 9
3 A4F7KComputation Unit)& AHE§tch ol gld)o)e}
s} dlojeplo]2 Holele] AFE HRE A A7)
AX AFEct de] B Ars YA AR A
e ¥ A9 A7z dgdth EZDBAA Agr=
EF SQLA #AKSH BE 98, = AMl(insert), AHA
(delete), 78(update)qt oluzt #AX(cursor), A
(fetch), Z&(group-by), “*(order-by) 59 B33
“5%015 FPL 5 Utk

Sy "o

EZDB= HolgtHo]~E &nle FH=2 FAI57] 9
3 Bagt oy kA A L 7AEALE XA WA

EPNHAL "I atomic)’ & ZHAok 3ot RE E
AMe B8 8E B 2l dleolels) 73"'5]1]

FeS BASol @k olE 93ty A EdAA
OE ER/N A 3t A (preempt)Hol §i°) 5}‘4
o] ZRAMe] of3] A3 F3Fojop Fr) "UXA
(consistency)”& EWHA gt ool F3ho] Ho]
eho]2e] HEE olw UXF G dxE g2
AHE WAool dit) ol E fl5le] Ao AuY G
Ax wA HF Hag dsta bolg AL Y
gt "iiEslisolation)” AL WE Edlgio] £
Aoz FYHAS FLel 54T AHE P4she=
< 879 HE EdAE 3L g FodA AdFT
o "AE A (durability) & BAE7] SisiME AlG Al
2ejo] gtud EWALY ERE {FXsiop Ha, oy
T st=do] dsfdl o3 B Foj dHolg} @GS
HAsjop gk olddt RE QTAIEL EZDBeIA
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3. TPC-B

B =R A On-Line Transaction Processing
(OLTP) <8< ebAo® 3 Transaction Processing
Council(TPC) WXvl=A(10]8 48 &89 o= 714
gtk TPC Wxvize dlojeie]2 Al2gle] As&
vlwated g AMEEE 2F dXvla T2 a3o|th
B =EAAME TPC-BE #3347 45& A8t At
A FAAogE TPC-C7F TPC-BE dASHAATH
TPC-BE oHAE UFZEAAA Al2EE FA8)l=d
2% o]gdtH6,7,11). ol TPC-B7F F8o] &ol3}
3, ZEAA/mMEE] BFHAAM 2 o 3 5 5o
TPC-C% fAFst7] Wj&olth

3.1 TPC-B 2

TPC-BE ¥ Al2"& Rdd & A2, Z7e
EdARAe oz Add Ao IAnE %) F
Tid, Bid, Aid, Delta7} FolHE& W, <28 6> (a)°l
vetd EdAAe] 3dEn) <19 6> (e ¥Estd
239E  #d& veldth.  TPC-BolM  Teller,
Branch, Account, History HE|¢]&8o] AEEH<=H|,
Account, Teller, Branch Z}Zte] X318l == 49
H&& 100,000:10:1 o]tk Teller #HIZE=v Aoz
100Byte®] Z71E ztom Tid, Bid, Teller_Balance ¥
T2 =t} Branch #ZEE Zol% 100Byted =7)
& zton] Bid, Branch_Balance ZE=&
Account #FRE=+E 100Byte °©l3te] Z71E e Aid,
Bid, Account_Balance REZE zteth wixgo=m
History #3=% 50Byte ©)3}e] ZV|E ztem Aid,
Tid, Bid, Delta, Time_Stamp Y=g zteth

oJH 71® Fz}to] H et 0JE}} AH X oEHE <&
sto] ogA FASH=THE AHEA Bid$t Deltazt 5
o}xS w, Branch #3592 Branch Balance ¥=&
Delta T2 Z7}9rt} TableHeadZ ¥ HoJehuo]x
Azde]  Held $£E  #sta, olF o]&3td
TableTabled] ©437Hs A 9fgth TableTable #l=
=9] table_name BWE7} Branch$} W= HolE
£, d3E F, = 4, 7127 dE ARE AT
t} 28]3 RecordHeadol 23} Bid®} Deltad] © o]
el ¥e)7l Ax"ch Bid7b 71£710171 W&, Branch
ol ti3 B-EZE o]83to ddl galo] ojF ol
ag)a B-EZZ5E FoiF Bidel 8 Branch #H=
o wxe ¢4x)7} ZrobATL Branch_Balance$}t Delta
o] & Axtrlel g3 A4rEA Branch_Balance BE=
of 2ojxith

nov

3.2 Wes)

W e A AlzE AlEEolES] gty
EZDBet ~ayE gde B¥Hsy) gasick & =F
dAE olzgt WAL AT Ft el A=H
(runtime system)2. 2 ANL w3 =2[12]E 7Fg3tath
gurHor FRUEE Al2FdA BE Z2I8E F
27171 SslME AR AAVUE 5 Z2A2 A4,
TR e A, TR dolet AMze FY Feol I8
stk ol2|d wlAYUSE o] 85le oA WHslE &
HeAE AHEY] Y3 <Y 6>0 23HE Y
3 ¥E 2aygE Jgd& YAk 9714 Bid, Tid,

BEGIN TRANSACTION
Update Account where Account_ID = Aid
Read Account_Balance from Account
Set Account_Balance = Account_Balance + Delta
Write Account_Balance to Account
Write to History
Tid, Bid, Aid, Delta, Time_Stamp
Update Teller where Teller_ ID = Tid
Set Teller_ Balance = Teller_ Balance + Delta
Write Teller_ Balance to Teller
Update Branch where Branch_ID = Bid
Set Branch_Balance = Branch Balance + Delta
Write Branch_Balance to Branch
COMMIT TRANSACTION

(a) A transaction TPC-B

Main () {
MAIN_INITENV () ;
Initialize by master();
For (i=0; i<P; i++) CREATE(Slave};
BARRIER;
Parallel_Section{();
BARRIER;
}
siave () {
BARRIER;
Parallel_Section();
BARRIER;
}
pParallel Section() {
WHO_AM_I(&Pid);
Start = Num_Tx/P*Pid;
End = start + Num Tr/P;
For (i=start; i<end; i++) {
Get_Input(&Bid,&Tid,&Aid,&Delta);
/* Update Account */

Pgexec (comm) ;

}
(b) A parallelized script file
Y 6 ERAAT HARE AAHE 91U o
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Aid, Deltats {92 A8 o8 wgoin)

ANL viz2 Rdg e, #a nksE] IRa2r}
s FY%th aln Hg sje] Edelr Z2 A
Agstn, Aple TP ZE T2V MY P
TPy ZH7tel ZAAE BHY EANA A
A8t FYT A= o|n|AE FYPgh o A
& start®} ende ZF ZRA|20A WY ERHA
TE ARG E=3 2718 Foll vigid o)), Iy
tjoJe}, dlojele]A dHoJele TR HeolelR AU
o], 5o T& ZZA20A o]Eg AH2E 9 BE
78700] 83| wrdslo] lojol k. olEd HA A
A8 ANL "3 2% G_MALLOColtt 19l8 e
HeE AR dloleHprivate data)® 7FHEETh KE3E A
2do] gulg FeE FR37] 98l TR Helg A
2L F713} sojo} dt). EZDBoAME EE FH H o)
elo] th5le] o] A E(hjnary lock)& A3}

BASY A3 PES for FEAA EBNAY WA
49 F s Jel et DBMSE PQexec()E £3)
o PRe Z2A22RE o8 Mo AE HE F
o, oladt Ao 238dMY AFTHE HAYS
1 43 Hck. EZDBE AU wgAe YA g=
k. B3 Ao AHHE 989, ANL "Wl=2E LOCK/
UNLOCKe] & wlojet HT & H=E Y.

tlo wu N

PEOCR oMt 1R > B

4. AI2201d BM 2F A 2N A AlAH

<3Y 7> B =EOAM AREE A <
YERH T 0}71"’"7‘1 AlEd olEl = Jé_‘i"’—i’ﬁi’% A
7 HTE AR A8 BE 88 Y £ U=
CacheMire[13]E AM&3l9th CacheMirew 2~IAHE
3dE F2A7)e EZDBY Z=E 435l vz 3
o At 22lm 3o JPHUAM QJAEHA
A, Ay dHlolel 2 Ff dlolgl dMx B3 B
ol FA€)

EF, B =RAA 24 g 3 oldx nde
A LB KA dFZ2AA Azdolth AME
Least Recently Used(LRU) A ¥ 9] 4-way, set-

Workioad

TPCB:Script File

CacheMire

DBMS

Target System Simulator

a8 7 AlEdeld #4

HA A6 E Al 4 Z.(20008)

1 AlEdeld WM g
AlEd ol M4 ok
EZZHA g 2,4, 8, 16, 32
" 32KByte, 64KByte, 128KByte, 256KByte,
=27
A3 =22] 512KByte, IMByte
8Byte, 16Byte, 32Byte, 64Byte, 128Byte,
256Byte, 512Byte, 1024Byte
1GByte
4KByte

A+ 85 77)

g 27
#HolA A7

associative WAo2 HAJE v
ko] ZREZS wErh T3 B =M £33 A
E#o]dd = RE dojelc]2 dolelr} w el o]
e, B-Eg 53 7 270 mid R Add A
o2 7H8te] Ff dlolet Fxo g AM2E 3
gt gel A& EFo] xHA gor,
A Ao FIAA Z2A2Y dojg FIE wAS
Ak wpAEte 2 20079 EMAMAE FPAA AHAS
A detd, e Fol= g wesole}, B-E3 5
o] Malel EAITT}. B =&l AT AlEHolA W
o] gre <E 1> s9kstqrk

5. Al2801M 2dn}

& AelAM AdFT AlEEHA &
Z2AA Az FlH A vn 2439 B1A
£ dieA it EZDBY E3A4L #AEshr] 93§
o, EZDBE ©]&3% TPC-B 3 Wiz H A
£ 1€ axdE 299 vwdgeh agln 53 37
o] HHAE e A2"A BE A9 TN 59
Wit M& AH S B3t viAdes =Z=2
AM FE DA e A zZ9 BE =218
HstAIZ1EAM A 5 B4

doleh dBge gel

Qe

E 2 T vels 729 54

- AA 2 A2

3 vlole} 7] Pl
TableHead 4Bytex1 §71 |115%

Eﬂ)ﬁ;} TableTable 26Bytex4 N 71/2271] 9.2%
RecordTable 22Bytex4 e17] 10.8%

Branch 196Bytex4 A7/ 71| 1.4%

o) o] e} Teller 196Bytex40 7/ 71| 1.6%
Hlol2~ | Account | 196Bytex400,000 | 9171/227] | 2.2%
History 196Bytex1,000 | $71/2271|13.5%

Branch 20Bytex4 217] 25%

Qle) A Teller 20Bytex40 87 6.0%
HloTE | Account | 20Bytex400,000 a7 |205%
History 20Bytex1,000 | 8371/2271120.8%




] 2] 45 DBMS 7[8F OLTP €&&

B Aoia 3T AlEdo)dA, ZE Holeiu|o]
2 dolBe #m= AV)E 196Byte, B-Ed o] 2zt
=T 20Byted] =7)|E 7AW, XE FH dHeolge
100MByte °]3te] win®ele] A7t olejst ¥
dlole} Fx9 EAL <E >0 JeElIULE =3
Historye] ez & 10008 g4 =2 4434
o, 7} & dolg} FRE 40000071 dEHE 2
£ Accounte]t},
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