TFT—IR—=X Y27 4L 109-21
(1996. 7. 25)

#3) SQL ¥ —/3 SDC-II ® TPC-D RV F— &AL EEesTHE

ERFr BEE)| # BARH
FIHKEE EEEWHF ISR
T 106 FERERHER NZAAK 7-22-1

NIE: VN
BELEHRRAH
T 211 )T REE E/NES 1015

mE

SDC-II EBHRT—F R—RX VAT AZBIT VWS bEAEOGHEETE B L L=&EES SQL
P—NTHB. SDC-II TIRREBDFT—F I LT ad-hoc IZEERNEDOERRITEINIRES
BELTWVWAD, ZOXIRVAT AOWBETMT IERESVFv—27 & LTTPC-D BHEFEHRE
Sh, BHEOWF| DBMS RUFBEREFAR LD TS, KGRI TIE, SDC-II 2t 2 HF1ELR
Fe B R B ORI R EITHEERREHIZ, TPC-D R Fe— 27 BEfFRORERREZRL,
IR N— R = TRF CENREEES I EHLTWAZ L ER LTS,

Performance Evaluation of the Parallel SQL Server SDC-I1
Using the TPC-D Benchmark

Takayuki Tamura Masaru Kitsuregawa Mikio Takagi
Institute of Industrial Science, The University of Tokyo
7-22-1, Roppongi, Minato-ku, Tokyo 106, Japan.

Yoshihisa Ogawa,
Fuyjitsu Limited
1015, Kamikodanaka, Nakahara-ku, Kawasaki 211, Japan.

Abstract

The SDC-II is a highly parallel SQL server aiming to speed up query processing in the relational
database systems. The SDC-II is intended to operate in such environments where ad-hoc queries
with high dgrees of complexity are issued to very large relations. To evaluate performances of
such decision support systems, TPC announced TPC Benchmark D, and several parallel DBMS
vendors begin to report the results of the benchmark. This paper reveals that the SDC-II shows
very -good performance in spite of limited hardware resources, by comparing its benchmark re-
sults with that of the other commercial systems.
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1 oI

BT — S _R—RIBES TS AFTAES AL
LRTWBM, TETIE NP7 va T
TRLEVWADLTLBOMELERINE L O k-
o, F—ER—RAV AT ADOEER L Fv— I KBS
B&THB TPC bIhETOII U Frva
BICHHTERCFe—rMi, BEREXE AT
LZRBITHHEEBEBSbEARELIRL L TPC
Benchmark D #MEEFREELZ. LK, W20
DBMS XU # 3 TPC-D R F=—27 DRE#EES
BFELTNED, T—F_R—ARNEFICKHEER D
FOREAERWFITT v h 7+ — A ETOETHR
Thd. Lo, BERZEGESEEZECHVED
FIBOTREMAREFHLEZ T TRAT2THY, &
BERTNVIY ZAZHCAZEREETHS. BIEF
BRT —F _—2%— 3 SDC-II [1] TH, 2D k5%
FEBEBWSbEABEORELEHIBEL, [/O OZhE
1t & B8 T right-deep tree KE I SHHKAHEED
XEEITHoTWD. KBIL T, SDC-II ET TPC-
D OWEDLEERITLUEZRAOHEEFEEZITY, £
TTHAPHRICE L BB OVWTERTS. UTH
2EiTIX SDC-IIL 7 —FF 27 F ¥ PRIV V AT AY
7 b =T OBERRICOWTHEB L, & 38Tk TPC-D
RoFv—7 OPEERR, B 48T TPC-D ~F
~v— I BV EITRERE R LAHERITD.

2 SDC-II =& U T—8~N—2MHE

21 SDC-II O7—*7TOF~%

SDCII i, W1 WRTL5E, Xy hy—2rT
HRESSNEREK 8EOT —F0LHE Y = —/V (Data
Processing Module, DPM) »&#HREh, £7—%
HEE Va2 — i, 7k v ¥ (MC68040 25MHz) B
K7H,SCSII/F AR BLORT =TI IRy 77
RADOAEY) LELESRATHEES LEBHSEOT—X
T2 FxEFD. TOXIRBRIZIYEBERKEESORR
THHIBVEEIRX ML AEEHE L TS 2 — VD
WHILKARAr—F )T 2B LR TE
2.

¥, WHIF—FR—ZALBIZBIT BT —F NAD
EHHRY FIEZRRT A0, TV a—VADOER
NRRLEDa—LVEORy NO—ZDERENET —
FRBIGarbe—AREICHBELTWD. #£FH
RAZHDNTIE, ABF—FE&EEBO X% HBus
(High Speed Data Bus), 2> ha—VHADOARX%
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Frotend
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1

Disks 8 Device Driver Layer /\/ Network L

[ 2: SDC-II ®Y 7 b U =7 Hipk

CBus (Control Bus) &FEATE Y, ZhiziEL T
HBus 26D HT 7 A T&% DM (Data Memory,
32MB) &, CBus »b0#HT 7 €2 T& % CM (Con-
trol Memory, 2MB) &\ 2 FBRDILH A€ J BFF
#ETA. —F, Xy NT—ZROVWTIAERT—F &
Bo b D% DNet (Data Network), 7m o b=/ F
FHEBE OBEICAVD b D% CNet (Control Net-
work) & A TWS. CNet KidiRAEEZEEL T
Ethernet ZBWTW A, DNet KET — & ik
THEHOEBEHI TR, BHT—F X— R4
ZRHRMIICR— b T B O 2] bR
FEZEHETHS. .

2.2 SDC-IIDYATLYT DT

KRBT — ¥ =22kt 2 BREELEIC B W T
X, KEDOF—F OBEBN o TREHPEL D, 7+
A7 RFy b U= 5T 3 AHIBRECITE VIR
MBEREND. SDC-II T, F4AAZBXURy b
U—ZICHEBOEE CPU AW, 21D CPU %
BV ABIMBEBRLAN Ny 7 7 DBD B TR EDE LA
NOMENLBEHRLTWER, TRRMATY AT b
V7R =T IBOVTHUTICRRAEEEZAND Z
LIZED,I/0 DFREER>TND.

Node1 . Node2
source relation

- -

| |

filtering
projection
sendto (node [BUCKET] )

@ 1> <:1

write (£ile [BUCKET])
K 3: NoafBTATY XAERBTAHE T =—

temporary files
=<

SDC-II ©Y 7 b7 = THRE, K2 iomd. 2—F
TFY =3 v bREITERE SQL BWEbEX
i, 7ry bz =y v ETEFTENRD SQL av
RAFZEYar s, #1777 v OEEES
MWENERIC, BAEROI T V=7 bEVa—nE
LTHAHENRSD. D%, Scheduler DREIZHEST
Executer BREDBWADLEOETLHHBT DL, B
t#+% DPM ko< 2x% CPU (Control Processor)
Wt LCRITFTERA vE— VM %ELN, TO/ER <
24 CPU HEEShEEFEY2—AEu—FL
THrELRTIavARx4£ERTS. DPM kof7ot
AL OHAIE Executer KV EEDbh, 2—F
TAYr—va VIEERTERE LTRSS, DPM
ETETENINBORNRTIIRNEDRIZTL DV ERD
B, BEALOBEAMAT AL, R A =T LIck
W27+ — 27 BERITY, Bk CPU LT/ ot RXD
a v —-BWFNET SN D,

SDC-II BIFTALBOF L LT, Ny asmilic
ESUFIBERAT LI XACBTANE T =—
ZOWKEEI IRT. ZOLBE, FA4RAID
LRBAAET TNhLBREGER/ETHLOER
YHL, SRAF -y Va BREFERB LTV vy b
ID kD, TO Yy hOBRINS /) —Fizkxy b
U—7 M LTHEINVERRT S (B0 (1)) &,
XY U= hoRITMoTF INERIGT DTy
P77 AMCEEHTRS (B0 (2) EhLERS
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na. (1), 2) OELLOBRBLT S ANLOA
AT X o TEITHRERBIEIND /28, HVMIIRST L7z
HELTHEIBENH DM, SDC-II THEHTF 4 X3y
F¥ 7 ABETOANER—V L, T—4D
FELTWDBARACKLTHIET IN—F 2T
HTtWnwi FEEER->TWS. hi, TakxR
ALy RO EHEZITHEI T ="~y FERSL, %
BN —F L OETIEFORBERR T DD TH
5. FEl, TAARyFYxIukREH—XNVER
TEMEXYE, a— ANy I A—F I —FNVEMT
EITTDHIELIZED, I—FRNVDT LRI N0 T 7R
Fy FNT—I Ry 77 ICEET 72 RA$5 I EXAHE
272D, a—FLEE L I—-XVEROBTOT—# 2
E—ll LB A=~y FERSTZENTED.

3 TPC-D RyFY—JOHE

TPC-D Ry Fw—7 [3] ik, KE&F—F (T /&2
L, BHEEOH VWS bESETENIBEEREX
BVAT LERBE LR Fv—sTHY, 8§00
Y—v g i@ LT 17T OfnabEE 2 o0 EH
BEITEIND LSRR TNA.

# 1: TPC-D _RyF=—rDYL—av

% 2: TPC-D Ry Fv—I Gy OBE¥EE

[Vv—var | sEBR | »7B |
PART 200000 x SF
SUPPLIER NATION 10000 x SF
PARTSUPP | PART 800000 x SF

SUPPLIER
CUSTOMER | NATION 150000 x SF
ORDER CUSTOMER 1500000 x SF
LINEITEM ORDER ~ 6000000 x SF
PART
SUPPLIER
NATION REGION 25
REGION 5

#1Z TPC-D TAWLRAY L— 3 »y&iRT.
7L, SF RF—F_R—RY A XDRr—)VT7 75
THY,SF =1 DRFOREDOY 4 XixB L€ 1IGB T
HB. Fi, K22 TPC-D OFMGHERWL
DDY L= a T I7ERTENEELDRE. %L
DY L— g 2T 7 EATHVWEDLYE T, Th
P EL OHEREZETTOLER DY, BEES
HEOHENERENS.

TR Muvaby
Yb—iar¥

1 Query 1, Query 6

2 Query 4, Query 12, Query 13,
Query 14, Query 15, Query 17

3 Query 3, Query 11, Query 16

4 Query 10

5 Query 2, Query 7

6 Query 5, Query 8, Query 9

IHhETIC TPCD ORKREARLTNWDODIT
IBM PC #*B&< &, IBM RS/6000 SP 302/403, NCR
WorldMark 5100M, Tandem NonStop Himalaya
K20016, Sun Ultra Enterprise 6000, 35 X Ut HP 9000
Enterprise EPS30 ¥ X7 ATHY, Wb
100GB UL LDOTF X hF—F ERNTNS.

4 HEEEFE

TPC-D 12 &% SDC-II Okl LT, 27—
NT777F 1 BIOI0 (ERENHMER 1GB BL U
10GB) OF —#_—2 & AV THEEIT o7, 31T
W&o ETRE % IBM RS/6000 SP 302 L
@ DB2 I X AR L TRT

SDC-II ® DPM ¥ 4 BiEEL, NATION &
X O*REGION LS04 ) L—3 3 i34 DPM M
FrIAEZY T ENTHE#BEIN S, NATION, RE-
GION /hEVWOTHED DPM CEF R, 2
B, T—F¥R—RERTuY T A DBGEN DOHEHIZ
L V& DPM KHRTAFZFAF ) v 7O BITRE
BRI 2 50, BVWEbRETORICIE I OMRIT
FAWTWizv. SDC-II T, ad-hoc 22V
HETDHUV—X hr—XTOMEEZMESEAZ L EH
WELTWBDT, MVEbRICEE L RiBbidi
ZTIThRVWZ i Lie. Tk, RFOBHRIZED A
VFy I ABEHAVTWRWY. LER-T, £T0
TrANTZERAXTINAF Y THY, BREMKI
SOFRBELRFINVEBTTND. ZOL3RA—A
BERD I/O T 2ADOMERRIX, BT 1 A2 DY
FH UEEEDS 2.6 MB/sec, T —# X v hU— 27 OF
AN—7v h#H# 10 MB/sec TH 5.

T, MWEbEDa v AN, BT o OERIT
AFTIToTWAEYD, 7uay bzl FOF—,~y
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# 3: TPC-D B & bd 0 EFTEER

System IBM RS/6000
Configuration SDC-I1 SP Model 302
(1995/12/18)
CPU MC68040 Power2
25 MHz 66 MHz
Number of CPUs 16 (4 x 4) 32 (1 x 32)
Memory Size 32MB x 4 256MB x 32
Disk Capacity 4GB x 16 2.2GB x 192
Database Size 1GB 10GB 100GB
Database Size
/ Memory Size 7.8 78 12.2
Query 1 53.2 528.5 9981.0
Query 3 35.6 5534.4
Query 4 30.5 346.3 1252.1
Query 5 59.8 6627.8
Query 6 24.0 516.9
Query 9 74.5 13404.5
(broadcast) 46.0 482.7
Query 12 38.2 2331.5
Query 13 31.1 12.6
Query 14 25.9 719.9
FRETRBICEEEATHRY. Bunabe ok

BHRABICEHEECEIN Ny Y2 RBTALITY X A
EZRVTWS. SEBEHEICBVTIARRERY
right-deep tree[d] V5L 5L TEY, 1 GBD
F—# ~X— 2T LINEITEM BADY L—3 i
TRFERELS 2L, ARy 2T TV EES
T EBARRARID, PHEROBEH LIS AET
H5. UTFOMWEDLYE Query 9 iZxtLTIX, F0OFE
TR 1GB BX W 10 GB F—F#_—REhFh
LT, K40 (a) BLT(b) ok Hizh 5.

select Nation, Year, sum(Amount) as Sum_Profit
from (select N_Name as Nation,
extract(year from 0_Orderdate) as Year
L_Extendedprice * (1 - L_Discount)
- PS_Supplycost * L_Quantity
as Amount

from part, supplier, lineitem, partsupp,

orderx, nation

S_Suppkey = L_Suppkey
and PS_Suppkey = L_Suppkey
and PS_Partkey = L_Partkey
and P_Partkey = L_Partkey

where
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LINEITEM

(a) 1GB F— ¥ ~— R (T k4 B LA

TEMPE#1,42, ... OBUCKET#1, #2, ...
R |R
ORDER

TEMPA#1, #2, ... PSBUCK!?iT#l,#Z, AN
R

PARTSUPP

NATION

SUPPLIER

PART LINEITEM

(b) 10GB 7—# ~— Rkt 5 FITK

X 4: Query 9 ORIWEDEEITAR

and 0_Orderkey = L_Orderkey
and S_Nationkey = N_Nationkey
and P_Name like ’%green’,’
)
group by Nation, Year
order by Nation, Year desc;

RO LI R BETINVEAy V2l LTcdo
T DPM B CHAETAHZEEFEL, BRI ES
DPM &7 vr— F¥ % X b LT% DPM BICEB%2E
FEHDZZLEBERLTVS., ZoMWAbETIE, B
NEYL—varvdnyvad—iErl 74~ F—7T
HBID, BRADT 75 AEY TRy a5y
EErHvTWRIEe — A VBV RBTTX 508, 20
&5 R LI ERSICEET e, £ TRy hu—
7 ERMTOHLENSS.  Fi, NATION ¥



ARFERITNEVDT, Ny v afBEETICTo—
Fxy 2 bZAW, Xy hT—27 2L RNALTVD.
%72, SUPPLIER & PARTSUPP DO Tidkk@E»
Ny aFd—F ATV AREDERERDOLENR.

B 4(a) OFEITAIC X BRERIL, & 30 Query 9 DR
DERITRLIELOTHSH. TEREO LD, LINEITEM
DESBEORDYIZPART 07— FX¥ Az H
WEESDHDT, Xy -7 X T 5RARPER
ENADICHEERALEL TS, 4(b) TH
DOFEER->TWS. ZOFRE, 9103 EORKEE
BO%E, A7y baEIEMAED left-deep tree 12725
T3,

TPC-D performance (normalized with DB size)
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Query

K 5: F— & X—AY A X TIEHL LI EATRE

TPC-D performance (normalized with #CPUs)
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Time Interv:
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Query

6: F—F_R—2AY A4 B LT CPU HTEHRLL
7o RATHRER

Wiz, FAKOMERE L BT O 2, R3VD bR
BX 5B ARENMELALENOTHLNOIE

BT R2ThERGR Y. T, F—FX—2D
B A XBHEBE S TBEIT OV T OB K 5128 F.
£K8912 SDC-II OFEROFHHWESbEEOEE R
DI roTWVER, TARFEL 77 A NVO2EER
Fr L LTVRBEDTA Ty 7 AOHEIZ X DHED
BRI ORVWEDEEZXBND. A VT v 7 AR
BB Query 13 R 14 TRHYRDOZ 2P HR
FIRHERIZR>TVE b0 D, ZOMOBWEDLET
AR SE L o T A, Zhid, SDCII @ [/O
T/ EAEBORES L ZERAHBOETHROB S
ERTHDEEZLND. K6I, T—FX—ADYA
Kz T CPU DEXRTERILLEZBEEORTHD
2, SDC-II ®F 3 CPU FH DRV TELICHFRR2
RERIZZ-TWS. KRB CPU %7= v DAEEES
LERADTEDEI b LENRD ENXD. T—F
R—Z DY A IR E Do BT, HESRBIZET
B LIXRS2VAS, SDC-IT R HHT— 7 BLEST
IJEAFBRREDKTY—R Mr—RZR>TVH T
EEREBET AL, ZORKREIE SDC-II 0ABEBROR
EETTHLDEELS.

5 E&H

ATk TPC-D Ry F<w—2iz X5 SDC-II @
MBS 24TV, SDC-IT O N—F U = 72 b THZ VA
FAYT R zTREDTHERIBH LTINS L
ZHLMMZ L.

BEXH
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