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[IBJLMRREAERAREA L. CORERT,
3.CTRUVEMBROV I Iz 7RE>TRRETNTH
Y, 2. THRNRABAREY IaL-Yalie&oT
HETIREARATVS. CORAERWY, RKU
BT SHARKETDEARHIELTEY, RBRR,
E1IRREUREETYVIFc TRERTEIERE
THREEAE LTS . BLAh T OoRITHREL,
Sun-2 J=F AF—vaYRioTCEZYEOIER
OCPUBEBBIUYAFA—LABEKEHORNE
THB. BRW, 7Ty rATOXTRBEOWR R
HET S RDR, COMRREAER ERUNAED
Yial—-varyREE2ERLE.

5.1 RMuwahY
MERNABR LG 3B CEVIMUEL, F
BHEOBMVALTORRCSHS. ZZCW, WHOE
AHEEDSRIMVADVORERMLFET 5. #
SRBIBARANOTTCROEECHI ORVAERR
PETIREEUTHOIATVS. MLadbyohi
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i, BREEOHEFEEBEIh TLEINEABLY
—RBHTHEY, CZTUHAGRENTOAIAED
HRE2URIC TS LD, HARAEZETD»OIRIBL
AhEEMEETE. IODOKSRKEPORDS ALEHE
OFVEHLERAVE. ThooBMLEbBREATR
RTEIREBEERD. Modhbe 2RI 284
BE /- FUNAOTORYy Y CREBEIATVIEDHO
&7 3.

V=RYL—vayOITLE, GEREEAEE
(join selectivity factor) BLUBNY I 7 ¥ 4 X
B, BVEHLERBLVTR2DLSRBET 3.

APY—LEEMM7TO—-F €k, HAKEEEE
BIUNY I 7 A XBELRTIE, BEFST
+ VI OHEE, 1HOF— Y%k, BAUN—-VH
ORERBUBELLVRL. FRBROEHWREFttEON
FRBHZOT, YV—AYL—vayoy T LrEOoxL
Ci3Bvah e AERMoT LB T 3 ERERD
FHME 20T, CZTURRFLRL.

V—=ZAYL—=va>oyTiiil, 82REAVERSE
EU, Ik, BAWYEARE, R2RFRTLS>E
FLEHLERBLTERZIEIIRETS. BUYL—V
AaYDITAE (V=AY Lb—=YaryBLUhEyL
—vary)ideandrEl, ¥ 7L EEAHREN
SERHELUT2o0BHAENE (BANT ) 28T,
Fh, ThoOBRBUBHNOEU—HEAHLUTHL 3.

BEABELBLWTAYFIL—-YarDIN—-VE
UYL —varyOINR—VkEBTIEERLE,

@@

N————,
Database i

D@+ sin s

@  Output node {disk access node)

@@@@ Input nade (disk sccess node)

0@
- @@
9.0]
@

huf—'Z, buf—4, buf—6: Buffers far storing guter reiation pages

processor-2
procesgor-3
processor-k:

processor-5:

buf—3. but—5, buf—7: Buffers for storing inner relation pages

7 BMoaby oW

4. 1 TEREESR, 799YL—YayOR—yY
BHEODUDHEAKARMELTCY - &, 1 2FY
L=Ya Oogy¥TAE7IFYL =V ayOR~—Y
MO TLBEHUTNARAF IS —FFE37LTYR
LEHVS.

5. 2 RBRER
BEUVREZAMY—-LMUEHNABSA OB E LM
SPRT BB, F—IYEBUFMC X 3 AMNAE
HREMLEXETERRITY. 22T, ToFRE
F— Y EEB 7 71— F(data-driven approach) & B
. F-IRHU7 70 —-F T, BHBREEOZ Y
—LEYMAERF - Y EHUFFORMIODTE
BEhs, F—yRH$M770—-FRBELTD, Vit
U, 5. IR UARRRIRTRMERMEL 2.
F— YRGB TO—-FCE, FRYFEAV hZR
V. -7, EEHF /- FRBI3HRBEEORITI,
HBARNY T 7OBEE (ERE /-~ FOAANY T 7D
HE) CHRREREIN . Ukdo>T, F—9K
BYO770~-FClk, B/ —-FOonAvy T2, B
AOERITPCERENIFTRBRON VB LHEWH
TE30ORTHLERERFSDBDETS. TRbLB, 2
vI—oBHETETHIRE, EEE - FUI,
HRE /) —~FORITRACEFRR L, I1X—V %K
TEHELESLHBEMN/ —~FANEON -V KXY 3
ERRSB. .
B8 (a) BLXURS8 (b)) Weh¥h, F—VE
BU7TO~FERAOBETZAIPY —LHEH R
B77O0-FRESMVUEDLY ~ 1 (Query-1DORED
BFRERULUTCLE.
2T, EEEER
packet ) WZBEUL 2 .
F— Y EPBU7 T O~ FERAO7 T O—F R LE
T3¢, HEEHLASOAMELSIEHULTVS.
B9 (a) BLU (b) EhEh, F—YEHY
PTR—=FLAPY—LBYHNRAB7 TO—F &3
Modbht - 2(uery-2) ORBOETFERLTVS.

16(milliseconds/2Kbytes-

£2 NSA—-FIOB/E
. “join-sefectivity factors
auter- inner- (intermediaia refation size (tupies))
node ¥ refation. refation
size(tuples) | size(tuptes) | Query-{ | Query-2| Qery-3 | Query-d
5 00 | 1000 171006 | 2/1000 |0.5/1000 | 1/1000
(1000) (2000} (500) (1000)
3 1000 3! . 171000 | 2/1000 | 0.5/1000 | 172000
2000 32 (1000) | (4000) | (250> | (l000)
1 1000 Ao 1/1000 | .2/1000 | 0.5/1000{ 1/1000
(1000) | (8000) 125) (1000>

310 Query-1, Query-2, Query-3

427 Query-4

tupie size: 64 (bytes)

tutfer size (buf-1, 3, 5, 7 for inner relations): § (Kbytes)

tuifer size (buf-2, 4, 6 for outer reiations): The same size as the outer
relation size.
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Executing state
{Relaionel Operation Process)

Page transfer
(Communication Process)

|
|' \

8.
node #
2 vzits Zesult relation oy (TR Frcen)
state
Et?.‘:;e: W i 3 auas (Rnlnun.:f!;unuon Process) - (sec)
* |readcucer o 1 28 38
2 il:um . node # T T T T T
= sort outer write result relation
3 relation i 2] cort ST e e —
read cuter te.lat:.on
relation 1 L 0 A S RO
2 pm— mad outer
sort outer ) selam.en
5 _relatmn PRy s‘fé““’
read outer relation
N relatzlm 3 v ¥ ih‘fl‘ﬂ“ﬁ\‘n‘fiiﬂ.‘i"l‘{ il dg
B fread imnex ﬁm@;nter
relation 4
7 mt g
. .Qn
5—?‘1’*1“#‘1"(‘7“#‘%‘#‘1
8(3) F - 7@5’!177’[1 FO ::iduqo.l:er
al
¥ 4 LF ¥ — b (Query-1) S B
(sec) relation
8 7 i i Pt i ¢ ¢
a. 18.
node # — . ' BMO(b) RbY—LM7PTO—-FD
a A e e - ¥ 4 hF v —} (Query-2)
iﬁ tc;ute_: 250 Hax. memory requirement(KBytes)
ation i ot
o - outer i Data-driven
22§m 200 (- joe)
- soxt outer stream-oriented approach
3 md"’::‘“‘ e sy sl b 0
out -
4 relation
sort outer 100
5 elation s i ettt ,.q.h.&,
read outer
5 relation so b
?felauon PR P o
H8() APY—-AH7TO-FO Qe Query2 Query3 Querys
© ¥4 LF =} (Query-1) e Fig. 11. {10 XEYKAEE
sec A R
9. 19, 28, 33, 120 Response time (sec)
node # T " T T T i »
write result relation Quel:/ !
a ‘sort outer N
relation Query-2
1 e T e e -
L re-o-d.wtez 80 -
2 Edgti.m v Query-3
sort outer . ¢ .
3 ﬂy.im ’ Query—4
read | v
4 [t 40
sort outer
5 relation &
read cuter -
5 relation a 1 1 1 1
read inner [ 100 200 300 400 s00
relation
7 Data transfer rate {KBytes/sec)
B9 (a) ?-7Eﬂﬂ77ﬂ—?0 H11 F—yEdEEs nanm

4.5 F ¥ — b (Query-2)
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FO&EhbE-2TE, BLEab¥ddnode-1 (D) #
RKIV2Y I )—FEeid. 2hid, BvadbE-2
DHOFEEE /)~ FBY—AYL—-variddkh
2RPMYL-vayerEgdIcress. M9

(b)) ik, FRYFEBZOA ANy FHEBAVEHLYE
%E%$E%T$&haa&ibfh%.$6w,
BIS (a) BT SL, EEAES—BEEhET
—BREABUTVIDT, F—YEEBOHE (coll
i~sionNiC &k 3F—NAY FBEBEIH S,

H10d, F—yRPU7TU—-FLRAO7TO
—FRBVT, ERLEHOERBRBIBIR I LR Y
D7=FOA4YFYL—varyOR—-VUBLHBHT 3
HOAETYFEAERRULTVS. EREHMFERL
ESLBAO7T0—F T, BLAhEAENES
hiAEVHTEDOIhSE. —F, F~IEHM7T
OQ—=FTWE, PRANR-VELEMNT I LD, 02
SOXETYRENLEERS. 2hil, BLEARY
BRAERLOHARNE ) —F ¥, TORNEEOTE
NR-VHOHEE / —-FueHy, $RE/ —Fonm
AU ECHRN -V BB URT 3L &oT
BZ3. BRLUT, HHEE ) —FOAANYI»I2
3, Z2LOHRN—-Y BRFXHIZIZ RS, 2D
KIRBE, Bohni XS UBRBEORTHVADER
HEEITTE3RAO7TO—~FOEHENEEL 23,

BRO77T—F BT, Ty Y ROF—4
BEEEIHAVAELEAROEERMES 2L LS
ﬁﬁ?%kmm,im%?-ﬂﬁﬁﬁﬁasﬂ%mg
RR2HELE. 111, ERVEDERABOIRE
REEF-YEBEEZORBRERY. ISEBRL,
120(Kbytes/sec) A L TR HEL BT TV R L. —g12,
10MbpsO BIEHE R EH T 32V b= BVTH,
120(Kbytes/sec) DR EIFFE L RHT 22 L I RE
TH53. B11W, SZTT-ohid3RBVELER
BeBoTl, F—YBEFER L > CETIEBET
VRV IERBRUTWS. UDLLVERRZEVED
ﬁ&&U&(m?nﬁvﬂm&vtﬁﬂf55ﬁmﬁ,
F—yBEPYH MR ETIEIEAL RS O L%
Aeh 3.

6. Bhyic

TR, FoIN—RAVAFLAOBERTTY »
—YarYBIUZROMVADLBEILLERENIST 22
PU—ABARBBRT IR~ ARV YD7—%F Y
FrRERUE. £k, COXVIYNEREGH MM
DHOETREBEF—YEHTIMBHERTFSRHOK
ATYIF+TRREL, X512, 2ho0XAETY 3
FATRHAVTERAShEBRKUOBRHMEALER O
WRERUE.

HE, BAUBEABEDOI - AF—~vaYRLAN
(Local Area Network)iZ k V&S LU RBIET, REY
—R2FIFrORUBHLEHERBATHS. ZO5HE
YAFAUR, LANETOF—~¥R—=R¥$—=NELT
ORVE2RELTD DTS S[11]. BE, RKULZEY
SHRBRERBIVEETORAOEREH, B&U, Q

RUEBIEHLVAEHLEEBELNEE, RKUBAOE
BOBYVSETHRAOBH2IToTWS.

ok DY

[11 D. P. Friedman and D. S. Wise, ”Aspects
of applicative programming for parallel pro-
cessing,”|EEE Trans. Comput., vol. C-27, pp.

289-296, Apr.1978.
[2] H. Gallaire, J. Minker and J. M. Nicolas,
"Logic and databases: a deductive approach,” ACM
Computing Surveys, vol. 16, no. 2, Jun 1981.
[3]1 Z. Halim and I. Watson,”An or-paraliel data-
driven model for logic programs,” in Proc. Int.
Workshop High-level Computer Architecture, pp.
1.26-1.36, May 1984.
[4] R. Hasegawa and M. Amamiya, ”Parallel execu-
tion of logic programs based on dataflow con-
cept,” in Proc. 1984 Int. Conf. Fifth Generation
Computer Systems, pp. 507-516, 1984.
[5] ke, A, 260, ” EREGHHH@I L SE%
ﬂ#ﬂ4794DME®%ﬁ&”ﬁﬁ%E¥%%%@

"2EKXSRE, Mar. 1986.

(6] Wk, #Xk, &H, ”» YT TS LD} Y-
Aﬁﬁﬂ%ﬂﬁﬁ,”ﬁﬁﬂﬁﬁﬁﬁlﬁ7—$?a
FyHFEL62-2, Jul. 1986. )

[7] &K, RBN, W8, "7 - BEFEHRESH L
RRREHAESR,” SHAMELBTE, vol. 26
» ho. 4, pp. 685-695, 1985.

[8] Y. Kiyoki, R. Hasegawa and M. Amamiya, ”A
stream-oriented parallel processing scheme for
relational database operations,” in Proc. 1988
Int.Conf. Parallel Processing, 1986.

[9] Y. Kiyoki, M. Isoda, K. Kojima, K. Tanaka,
A. Minematsu and H. Aiso, "Performance analysis
for paraliel processing schemes of relational
operations and a relational database machine
architecture with optimal scheme selection
mechanism,” in Proc. 3rd Int. Conf. Distributed
Computing Systems, Oct. 1982.

[10] v. Kiyoki, K. Kato, T. Masuda,”A relational
database machine based on functional programming
concepts,” in Proc. ACM-IEEE Computer Society
Fall Joint Computer Conf., Nov. 1986.

[11] Y. Kiyoki, K. Kato, T. Masuda, ”A stream-
oriented approach to distributed guery processing
in a local area network,” Research Report, Ins-
titute of Information Sciences and Electronics,
Univ. of Tsukuba, Mar. 1986.

[12] &K, i, 35M, "EREHHH 0T & 2 BE
RANATS A RBARAOERE,” HEAE%L 7
FNJZF?*?N—XV?&V?L%H$,WJP
58, 1985.

—127—



[13] ”"Programmers Reference Manua! for the Sun
Work-station”, Sun Micro Systems, Inc., 1982.
[14] P. C. Treleaven, D. R. Brownbridge and
R.P. Hopkins, ”Data-driven and demand-driven
computer architecture,” ACM Computing Surveys,
vol.14, no. 1,Mar. 1982.

[15] H. Yokota and H. Itoh, ”"A mode! and an
architecture for a relational knowledge base,”
Proc 13th Int. Symp. Computer Architecture, pp.
2-9, June 1986. :

—128—



