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A Stream-oriented Parallel Processing Scheme
of Concurrent Programs
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We present a novel scheme for executing concurrent programs within the framework
of functional computation. ln‘this4s¢he|e, computer resources are managed on the
basis of theoretical neatness of functional computation. By using the demwand-driven
evaluation as a driving wethod, parallelism can be exploited within restricted re-
sources avoiding unnecessary computations. We define basic prismitives which are used
to implement demand-driven evaluation and function application. By using the basic
pri-itves in function computation, parallelism can be exploited fitting to available
computer resources. To make features of our scheme clear, some experimental results
are shown in this paper. '
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1. FXHE

BIMATOY S LW, MBOHEEESAIBIRCOR

BFL, SAHEORBEELRVEVSHEEF>TVS.

BB DKERRIEL, B3I L 3F—YDOZELET TS
Y, BIBOFEDDOBKOEITORRLEZI I EH
R’V ZOMHEIZKY, 7OV ARKNET 3 WHIERS]
ST EBFB R B[4].
BIRRTOYS I YT OFERBERIROE S EED
dh3b,
(1) BBXOEIANBIRKCORMEEL, STERFECK
FURV[2). Z oS SBEEM (referential trans-
parency) ¥ PRI 3.

(2) BB TOY 5 AOEITEANERA RS SR TRV,

Mo T, SIBOZUE LTS 2IEFU (cal | -by-need) &
ERFFU (cal | -by-name)ld@ U R Y F 4 7 A% 5D,

(3) BB TOY S5 21, BHFHEOTEESSY,
FOUFTWELSIXHT ZEBBRETHS.

FRECWR, BRI OV 53 VS OBARHESRESY
T, RehRERODCEFNELRIFT 3 AR 2 RTT
%. 35 —DO0FKEWRT 387 & AORCHBIENT
SHhTVBIFE, AARWLLY, FhoD Tt A lLER
EHUHWOD & TUFNCRITFEIN B, FHRCLL, B
HHHC B 3 EREH R OFFERHICE SV R BRI
AERELP RIS 372012, BEHOEAETYIF+ TR
BHUTV 5. AR TU, B%HRORSHAR, WHE,
I OFEREIC DN THAU 5. A5XBEHT 3200
BEETYIF4TRRU, £k, ZhoOEEATY 54
TRHOCTETIWZRETYIF 2 TOHE LT, BB
F=INRN—=RFH3] OTOTILEFTT. BRAW, BER
EKEHRIHBIC RS W R BFPREREC 80T, BIRF—¥
N=ZBEOT T S LRRITENZBEOY I 2L~y
ayEi{Tok. ARWCE, FOVIaL—Va iERETR
U, ZHROIFEEHSPIZT 3.

2. B|itEM

2. 15FsAR

BB S5 AR B 3EHHHEORHHRITKRD &
SWhHMETE 5[14],015].

(1) F— Y E@RI¥F{Hi(data-driven evaluation)

(2) ERWEHRIFHi(demand-driven evaluation)

(3) FRBGEFMi(sequential evaluation)

FARTH, Boh@E (T0kyVEESIUAE
V) ORDPTRKEOF—¥ 25 LD, BEEHED
EEAAE U CERESH ML IRA L, ERESHRIGF
BB T3 RDORATY IF+ TRAET 3. ERES
REFIEL, RORBMERD.

(1) BIN3IMOFMIL, BROERITHRZO5IKADE
BHREC > RRATIThIhS. #5T, TOMMBERT
— I RERT 3ORLBERFEOADITHHh, FTHRHY
WiThhizv.

(2) FEBRRFEBRS W 2BEOb & T, BMMEIOEX
RPEIF— Y DR VIMY RITSZEMETH 5.
EREGHAGHETI, BEMNSIHT— Y 228 3L %

(2

2, BT —5 OEEEMOBMBICF Y F RiZET 50
BEP5%. 1HOFIYFRLVMBMTRELIhIF
—SORBWPEVE &L, FIYFREOF =AY F i
MBE 25, 1EOFIYFRE&>TIERINSET—
Y ORRLBHA R SRETHE, FIVFEEOS—N
ANYFik, F—5 Oz UL 2520, U3,
EREHAATIREFET 3FIc L0, ESMOF—¥
OZEUEMOhLERORD TITA 32 LI &K BHRN
KEL.

2. 2 AW
RKRAO7TO—F T, BERTOY S NZHET 3R
DX 3REFIELE| & H T kLRt 5.

(1) B RB oA FA

(2) BBOBRAME ZOXEM, +42bb, F—YOE
EE# (producer) & F — & D ## (consumer) DRI T OW1T
FHE (R b Y —LRIEH)ATE) [5]

(1) DXL, EHROZIET— 5 DR LTS Bk
B, EOSIET Y EET SEKIHT BT PO
ITERABITS Tk > T3IEh 3. (1) i2&kY,
F— I DRE VI & SERBRY, AWM BB
BHAIN2iThHh 5.

(2) OUFELBIE T Rdiclt, F—yYONAEN
OB, 2F—YDERRF T ERL, —BOF—¥
BEREh RS ARG TR 3 HEE > TV 3D
EYH5. F—YEHRFHDD & T (2) OWHHERT]
T RO, EEEZMOBEISIET—y 2L ED
BO20EFoZ L, HAERMOBMNHE LS
ZREDBLEL 2 3[11(8]. EREHUFMmOD L T (2)
DEFWERF| T R2DI2lE, HRERORED» > DF
Y KT U CTHEEEMOBSHETE L BG T 30BN S
3. FHATU, HEEMOBBMHE LD ZFHIFT
YFREHRUTIMRLERBTZC &1L, ZOBFHIHE
k3l&tly. COBE, £EEMOBKE, 1EOFTY
FerUT, ~EROF—Y2ERUEDS, §HERoE
UTROF IV FRED. Chitky, F—YOEEEL
F—5 OHEEEOM TOUTUEN TS 23, 1 HOF
RYFRMBUTERIhEF—~YERUT, 522359
T ¢ EE. BREGRGHEE (2) o¥FEREash
B3BWR&LY, BRohREEOHRTOR Y —LBIDIF
MEHNEHIh 3.

T52a3YF ¢, XEVEARE BRSO
HEBE2E5X3. 79223505 o BPEWESW, XEY
FEHERDROE, FIYFORTEEBELZEDIZT
2ty HRIOEER & 54— NNy F oAk l, AEHE
BEILTSES. —H, Y5295 F o BAEVLIESH,
FRYF ORITE L EEWR & B4 —NAY FldEDT 3.
UbU, BHT I XY EBBAL, $k, (2) OXH
B+ RHEIRRY. (FS5225)F 2 BRI%
DF =44 XXBESh B1EHWWE, (2) OWhELR
SIRHEh RV, ) B#ERYI229YF 2 0BT, F
— 5 OWZE, FIATER YR, Tey vOREEES,
Ty YHOF— Y BEEERISU THRESh S,



2. 3
E?Euﬂﬁﬁ&iﬁtaﬁwku,mﬁoﬂuﬁﬁk
B Tcall-by-named 3\ icall-by-need DS IBR M L M
MBPETH 5. Thns, BEEAEODTEDIIMITH
TEBEHBEZ > KA CIHBDIFMmE S, call-by-
naneTld, BUSPICEIBICHT 28 BBEBED - R1EE
(BH£R) &, 203 ERORURFHLEShS.
ZhiziUeall-by-need Cid, SIBIEMcBEIhlk
suﬁuﬁﬁwhbn,%nu&w&&uﬁuru&ﬂm
HlikROEIMHEThS.

call-by-name Tld, SOFMRRED—KBREL S E
ZOEREBRTES. > T, IR TEXRPEERO
SEUDBMTORZEERY, VY5223V F +RBYRH
EFBZEWLY, BohEXETYREORTELSOHE
B MET 22 EPTEEE RS, U Uikss, AUSIE
DEMEISE S RSN, TORIPBLEMT S5
%, PEOECHEVEXRFNIRSRL. LR, 2O
BI¥cHEE e B EAREWSR. —F, call-by-need T,
FIHMOFTERB—EERIh B3, TRTOSEBET
23 CEOFERREER LU TBIRDITRSGRL.
EXLHMERBER T h SHEL, €Y - F—N—
T—R B EEFAEERE < RS, UdUSIBOREF
EDERG. Dk, ZOIIEEEMikRcaching A& ¥
Z[6]. MBMTEARDREROREL 21T5RHE T,
Wﬁﬁﬁtﬁﬁféwﬁvﬁ,%&ﬁmxx%uﬁmﬁm
AREREEREX B30T, COBRIEETHS. BLU,
EHOFEERERT 2 ROORETY 37 ¢ TREET
3. ThEhO3IBIZ>VT, BEAR, 550k
caching HRAREET 32 L DBTHETH 5. TRTD3IH
Sfficaching ARATITIE, AEYHHEBRIEKE <
RATRERS S . Th, TNTOIMFEHLEHESRA
TIF> &, ABHELERIEAIEITHEENSS. X
HRTU, ST R EREET 2L LYy, AE
OHBE RERIFIKESTES.

3. KTV 354 TE2OFEMIE

FE T, MBS 2ERERHRGE, WFNE,
BIUBEOS IBFliEe BB T 3RATVIF 4 TR
TF. &2, MEUT, FhoDEATY IF 4 TRAL
TR ERF— YN —AWEOT O 5 L ERY .

3. 1 XEKTYIF T

channel(type, granularity, parameter _passing_ method)
channelld, ZATY IF 4 Tnewle &> TERTh SH
BAYAY I ADANA MY —LERGBAA V-4
2FETROOF+ RARBEL, TORANTR return
valueE UCEY. Fr 20, APV —AF—50OEXRER
BT 2R0ONY T 7IHIETS. FyRLOREEL
T, type, granularity, parameter_passing_method bS{&E
Xh3. typell, SCOFHRNABNHAUTOVROEETNS
A MY~ LOBERDOTF—Y YL TR\ET S. granula-
ritylt, 1HOFI Y FREVESINSTF—IYREEET
3. (granularity &, Fy 200Ny 7 7BECHET

3. ) parameter_passing_methodlt, A bV —LDHEE
Xhik ¥ 2EHHEEIT S5 (call-by-name)d», caching®{T
% (call-by-need) P 2E5ET 5.

new(f, pid, cid, parmeters)

FERENEBBO ALY AY Y ARERT 3. pid I,
FOME A VAT Y AHEBRENETORY VORIFT
5%. WEIBERUEA M) —AF—IBBRAEhSEF v
20Ucid Wk oiEXhS. BBIOATBIE (AP
Y —hBEUZOMDOIIE) idparvetersTREEN S. £
BEh B8 VAT VR, TOBA YAy Y ABE
BT 2R U—LF— Y RHRT SR ADS
FIYFWEShTL 33T, BEGHELRBLRL.

R 370y HcREIh KA Y AY YR, B
REMRGRCESE, YHAEEhD. -T2k
S EROREA Y AV Y ADNREBEIhRBEEW, 2OP
DO RIFALERBEA Y AY Y ABBLh TRITEN 3.
Z OB, HHBEEU BB AR, H5HU
DEEINET S22V F 1 OF—YRERURLRE
%, $hit, IEUTVLAANF—YRABULEAREE
CRITehliT 3. 205, A—7Tey vy
TohEEEE, AL—FrOLSRRITHBITHhIS.

pre-demand(cid)

cid TRENBEANF ¥ FNMCA P Y—Letihy 58
BAFIYFRiEET 5. pre-demandld, BISGEHORY
AR U TERESRFHERRT 3 200EATY 37
1TD—2THY, A MY —LOHRMEMOBIEDS, L&
EMORELHT ZBPOF Y FOKHURITH DR
Avehd., FIYFoRBURITICLILLY, £EE
PIOBSEILE R SITHNITD T L WTIREE 72D, A MY
— LOHNE MO L EEEMNORKE OROXFIHEE
BIRHTENTES.

geti(cid)

cid TREhBANF v+ RNONYT7HEX MY —4
O 1EERIMOHT. Ny T7BNEOL XL, FOFr X
MHAR{TS BEAFIY FRIZEU, EOF ¥ RO
Ny I 7R~ CERShBETHD. AP U—LOE
B, —Egetlil kO Ny T 7h oMY HENBL, E
O THERELS.

get2(cid)

ZOBATY IF 4 THEV O BHAW, cid TRE
NEANF S RLONRY T 7R, FTINYTZIIT
MRDBRBEXN I EDHRERS. TRbS, AJINY
I 7RI OOERBEIEL, ~HOFRLZA L Y —LTF
— Y OW/ERABZMITHOh TV SEI, #HAOEKKSHS X
PU—LAF =Y 2RAHTZENTES. cid TREhE
ANF$ INDZDOON Y T 7HBO—FINEOL X,
FZARPY—LF—Y BT 3 RDOF IV FRRAT
+%5., 2hdd, HHON YT 7ERLEDTVSAMY
—=AF=Y IO U BIFS. F—yEMOHLUTVBH
DY T 7 RBERSRE BRI, FIVFRRBTLVLRED
5, OV TP BERA P Y—LF—YOMOHUEM
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W3 . NIT7RAMY—LF—FBREL TORVE
B, TOHELHD. 2 MY —LOBERL, —EN
vI7POMOBEh I EHBRENhS.

put1(d)

d TRINEAN—AF—YD 1 EE (FOE¥%1
A8 2 ADreturn valueD—EB) BHHF v I N DAY T
7 BB Oreturn valued UT#R 2L . 1HOFIVF
KHUTHEDPUDEEXIhESFI2a5YF 1 DF—F
BERURXBZL, ROFIY FEH>.

put2(d)

COBETYIF 4T, cid TREWREBAF+ 2L
ORI T 7R TANY T 7Y T EBERBXhTW3
BACHVSNhS., FHR2AONY T 7 RIAK7 7 £ X
af§Eie 2 DOFENEEL, —FOEKIZput2ic k vd €
RENRBAM ) —LADOERRHAU TV SRS, HMEM
ORI S OFEDA b 1) — L OEE R getc kL VELY
Hecenres.

getl BRUputlld, A b Y —LADEBREMOBK S 45
EMOBEYRIU 7Ty Y EREBIhEFSEHAV S h
5. get2BXUput2id, ZhoD2BIEBRERS Tty
YIREIhEBECHAV Hh, ThoD2BIKEIT, X
MY —AROEFTIRERTEX LS.

BIB AU OB A VA Y > ARERK U, BEER
RITO5BERR, EMIh 308109 VAL ORI A
HADLEHOF v FABKEINS. Zhid, BETY X
7 4 T'channel EnewB W TIThh 3. ZOBE, KX
NEBAY Y Y ANDR b —AF— Y OiEHIE, B
ATY XI5 ¢ Tsendl(cid, d)& B\ idsend2(cid, d)iz &
>TiThh 3. sendl B &Usend2id, % 4putl & Uput2
CEROBEL T 2, BEAAHF + 2 UNcidick>T
HRAIIGEIh S ABRERS . ERIhREROHDR
PU—LE, BEKTY IF ¢ Treceivel(cid) 30t
receive2(cid)iZ & - CRIFHS .receivel 3B & Ureceive2
i, getlBLUget2 MBOBIELT 3.

mark_end_of strean()
A PY—LTF— Y ORBRA P ) — ADERDR T 2R
TRANTFE UTEOS" e R XIAL.

check_end_of_stream(cid)
CidTRI Oz A b U—LDBKCES") IRt U 184
IZTRUE, &S5 CTROLIEAIZFALSER return value& U TiEY .

3. 2 BEsHOEH
H3ReHMRT IEMKIL, TORMPREBIhETTO
YV OENERARRSIRHT LS XEMEIN S, Hix
L, /47 -7 F 0Ty LREREH
TRITEh I, BETYIF ¢ TORITRELY—
IV NREITI I pA—=FRAINALENS. T
o, AW, F=¥I0-R7—%F I F 0Tk YY
LREEBIh TRITIN SB8, B—CARESFoRA
Tz Pa—-FRaINALEhDB. UT T, B

KEEXh370kvyH i )47~ F ) F»0T0
YV THY, B, Y- Ve ARFTV S b
—=FRAINAALENZBDOET . PUTTERTTOYS
AL, TOFTI 2y pa—FECEERITIORERHAVT
HEZRUDDTHS.

ZZCW, MELT, FIRHAN (BHF— N —2KRK)
ORBEEERTYIF ¢ TRAVTERITT ST S 4%
RY. BRAEERAO7 TO—F kS0 TEEHT 3
W, BIREERDHESRNL S ORIRRE LB E U Ttk
5. WARTRORYIhE3HMYL—yaye, ¥7
LVEBERETEA P —AF—YEH2L, APY—LF
=SS E U TRRKN RS S, YL—vay
RAMI—LAF—F L RRURIEE, BERIT2GESh
BF YO8 (F5a5YF 1) ik, oXD3MEENS
HErohb.

(1) YL—=yaJLNi+ 352055y
(2) R=JLANL S5 35)F ¢
(B) FTANLARL « 5 2aF5YF 4
T3229YF 14, BETYIF 1 Tchannel 2 &V F
RNORHEUTEEENS. k2, BTF5225YF 4
ZBOVT, A MY —LADEBMOBIKE FOHREMOR
BORTUITRAELRET 354 URVESENEL S
h5. Fi, URPNY—LIZHT 3EEEOSBHS 2
BEE, APV —LOBEFE(call-by-name), 3L
F Y —ALDcaching(call-by-need) D—ANEWREh 3. Z
DFIRE, ATV I ¢ Tchannel iz & O F v 2L OEY:
EUTHEXhS.

PUTTW’, #57Y I3 7RANVT, EREESHREEE
KRS BIRREAERITS hHOTOY S LR RT.

(1) R=YLRL T522F5)F 4, AP U—LEE
R U
ZOMBEHE TR, DEORVIHELHRTXIREY
TR, BONEARXEIDNY T 7y (N—UH L L%l
W) ENUTHBROZ b Y — LAOSEUNTTREL 125 .
70755 1 IREh S selection E, ZOREKOE
BT — Y 2T 3D 6T IV N ERUMS L, &4
TYVIF 4 Tgetl e AVT, ZOBBOANTF— ¥ 2R
TEBMET I FRRITU, ADNY T 72T~y i
WEh302H#2. F—IBNY I 7IZEHEh3 L, 2
holtHU TRIRRENRITEh, COREBEATY X
T4 Tputlick OHAX MY~ LOERE UTHAF v 2
LONY T 7REMENS. COBEIE, FIYFEN
w7 7DY 4 XRIEU THEBEIRITEh 32 Ll i3.

Taryshi
define_function selection(relation, a)
stream relation,
item a,
{
tuple tu;
while (lcheck end of stream(relation)) {
tu = geti(relation);
if (selection_test(tu, a))
puti(tu);
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-}
‘wark_end_of_strean();
}
cl = channel(tuples, INPU'I‘ BUFFER SIZE,
RECOMPUTATION or CACHING); -
/% specification of channel for output stream */
¢2 = channel(tuples, OUTPUT_BUFFER_SIZE,
RECOMPUTATION OR CACHING);
/% specification of channel for input stream ¥/
new(selection, pid, c2, cl, a);
/% creation of function instance ¥/

(2) R=YLNL + 92253 F ¢, AbU—LEE
) ki ko)
;*Eu&&ﬁru,;tnuaﬁmﬂﬁvz;ana
PEETT— Y ERMOBBAFIY FBRTEh3. B
REGRFEORD T, F— Y OERMOBEBLTF—YD
HRAMNOBBORITA Y —LROYFIRELRAT 5k
DR, F—Y OEBMOBEEF — ¥ OFEEMOBEKIC
HMUT, FRIVFR2EHUT22ENH 5. L.a)J:')f&Z
Y —LARIGHIREE RT3 DRI, FyR IR
omvjyﬁavmﬁsn,y7»ﬂv77uy7umﬁ
FHXhRGhIIRORV. 70735 A 21K h 5508
selection TiX, BISGIH LT Baiic, A MY —AOD
HEEMOBBICT Y FBEARTY X F ¢ Tpre-demand
REoEBULEhS. EESMOBEEI, FIYF2RY
M3&, BMBGHERRMU, IN—V2OHNF—5RH
HF v 3 NVONR YT 7 O—FOFRIKEWT 5. < OBK
STEORMI, HRAEMOBEIINY 7 7 Ol ORRAO
A MY —AF—FRHUHELRITL, BUBEKTYIF
4+ Tget2iC X VFI Y FRHEITT 5. TOH, KHUEH
BFERYFRE>TERIhEN—YOlEPgetdl &>
THET 2. 20ESR, 20T S LOPTHITIH
37 F I Dget2if®Nd 3 —Y OEMER TR
<, RDget2PBHBMT BNV OLERERTHS.

ITaT5h2
define_function selection(relation, a)
stream relation;
item a;
{
tuple tu;
pre-demand(relation); /% pre-issuing a demand %/
while (1check_end_of_stream(retation)) {
tu = get2(relation);
it (selection_test(tu, a))

put2(tu);
}
mark end of stream();

}

cl = channel(tuple, INPUT_BUFFER_SIZE,
RECOMPUTATION or CACHING);

¢2 = channel(tuple, OUTPUT_BUFFER_SIZE,
RECOMPUTATION or CACHING);

new(selection, pid, c2, cl, a);

(B) N=YLRN+ FH5225YF ¢, APY—LRY
HaEsY, BEESY

LAOmEselectionid, ANR b Y —ADET— I EE
OB 1ELITCTH>R. UL, —DDANAIY—
LR EKEERT ST, TOANA MY —LRER
TEMBEEAET I, $30I, —~EERUEZANR
P U—h%cachingU TEL LENHS. MAIBRRET
X, BERAREO2EMHRENIhICHLT 5. 21]
BIRRE T, ~HODANA P —LTHB7I¥Y L —
VaYOENR—-IEHRUT, AOANA I —LTHS
AFY L=y ayOEen—-Ie2XE5bERGThIIRS
R\, ZORER, BHFERITS P, cachingRiTI M.
Fy 2 LORMRL L VIEEIN 5. BHERITSRGCR,
Bohk X YEBEOTTHBHHEREDIZENTES
B, cachingBIThh ZIFEWIANR MY~ L2 R
FTADEBSHEIDTAEY + F-NT7O—-PE|EEI T
ZUHEEN D 5. BEREORAME TS S LI WRT .

70735583 :

define_function join(relation_1, relation_2,pagesize -
) ;

stream relation_1; /% stream of outer-relation %/
stream relation_2; /% stream of inner-relation ¥/

int pagesize; /% size of outer-relation page ¥/
{

tuple inl[pagesize], in2;

int i;

pre-demand(relation_1);
pre-demand(relation_2);
while (Icheck_end_of stream(relation_1)) {
for (i = 0; (i < pagesize) &&
{check_end_of _stream(relation_1); i++)
inl[i] = get2(relation_1);
sort(inl); /% sorting of outer-relation paget/
while (tcheck_end_of stream(relation_2)). {
= get2(relation.2);
it (Icheck_end of stream(relation 1) &&
check_end_of _stream(relation_2))

/% pre-issuing a demand to request
re-reference to the stream-of
inner-relation %/

pre-demand(relation_2);

if (binary_search(inl, in2))
put2(concatenate(inl, in2));
/% comparing an inner-relation tuple
(in2) with outer-relation tuples
(inl1) by binary search algorithm $/
/% concatenating tuples if joining
condition is satisfied %/
}
}
mark_end_of_stream();
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cl = channel(tuple, BUFFER_SIZE_1,
RECOMPUTATION or CACHING),
/% channel for input stream of outer-relation %/
¢2 = channel(tuple, BUFFER_SIZE_2,
RECOMPUTATION or CACHING),
/% channel for input stream of inner-relation %/
¢3 = channel(tuple, OUTPUT:BUFFER_SIZE,
RECOMPUTATION or CACHING);.
/% channnel for output stream %/
new(join, pid, ¢3, cl, c2, BUFFER_SIZE_1);

(A) YL—=—yaJYLRLs ¥352a23Y)F¢

1BlOF Y FRHUT, £EEMOEROZERYY
Iy arRiThe 3188, ¥Rbs, EEEMOBKIY
RTOENAFT— Y DERETET SR ZFERW, YI2a
S5 F ¢ & U TCOMPLETE_REDUCTIONBSEREX 5. Z D5
A, 1HOFRY FIHLTEREh 57— BB F
HTERVLOT, RohkABVERORD CHEEOF
— Y OEFIITARY. £k, APV—LOEEEMORE
HEHREMOBBOEITE, X MY —-AB0W5EES]
EFHERL. 707548208 selectioniZ BT, VU
L—=yaYLRV 73522595 ¢ 2ERT 30,
EEXTYIF ¢ TchamellZ X > T 522350712 UT
COMPLETE_REDUCTIONDSIRD & SicigEdh 3.
cl = channel(tuple, COMPLETE_REDUCT{ON,RECOMPUTATION
or CACHING);
¢2 = channel(tuple, COMPLETE_REDUCTION,RECOMPUTATION
or CACHING); ‘
new(selection, pid, ¢2, cl, a);

4. ER

3. 1 CRUAREEATIYIF T2 1E8DOSN-2 77—
AF—v a3l KB U, EXTYIF s TEAVT
RBRURERREO TS A REBICEfEX . ¥
Ty YREE, 1807 0kY Y TERITURIBEDR
TRTF— YRSV THEEN 5. 1BREEE3. 2
RURESW IS U Ttk h, SBRREITERK
BREFEIC L VEHHEXh 3. 22T, FROEREHT
FlitRBET TS LRRITIRLEBERERL, &4
ROBEMELE DV TEREITS.

4. 1 KBRIE

Bl 1R SEOESRE L 4 FHORIEH» & /%5
VADEERHRE U, BENRY L -V 3>y TILE,
Y TR, BRREOBREL L UHAGREOBEARIE
1DESREEELT.

BAREDEAWE, 79 YL—=YayRgA—Jk
4 F Y L=y ayOEN—VDO2XEHhERITOLEY
H3. >T, 79¥YL—var O b —L2EHEH
TR=YLRNL + 5223 F 1 RKVRFELVT ZIRE
w2k, 1FJVL—ya iRERT 3BBORtYE, 3
Wik, FOAYFYL—YayO cachingSLEE 23,
FOBAWRE, HREZLVEVAhERER{To .

ZZClE, BRREHELE 1 OoFRLELS SR

Tty ZRERT 32 &R &> TEMNRAENITHhh 3R
B, YIal—-vayiR&VFlYh 3. LHABRE
i, RoX>eRETh TS,

(1) 7OV YROA LY=Lk « F=YBIUFIVEF
DXL, HHEMIThh3b0ET 3. TRbb, 24
OT ey YREITEERMTHHh TV BEE, thoToky
JRIOEEIITARY. Tobky HREIOF — Y,
16.6(msec/2KBytes) &9 3% . ‘

(2) 170y HREBOBIBRERERLI v 4T h e
Aid, Th>OERIFEFREOTOLYHRDRAYY 2
—FR&oTHHEINS.

B 1 RIFIVEhER, R2IORT AEHORE
(Environment-1, ..., -DDOHETRITIE L. BEEL
3, V92250 F 1 2 FH 2VOREE UTHEL, &
ATYIF ¢ TR3. 2TEREESIHVEZ W LY
EHXh3. ' ;

}{ node—1
. |buf=2] ¥
node—2 ’4 node—3
) but—4| »
node—4
staging ‘
buffer buf—6 /'
staging node—6
buffer node—7
stream &
/ stagi i
ging staging
buffer buffer

(relation operation nodes)
node-0: projection node without duplicate elimination
node-1, node-3, node-5: join node
node-2, node-4, node-6, node-7: selection node
(processor allocation)
processor-0: node-0
processor-1: node-1, node-2
processor-2: node-3, node-4
processor-3: node-5, node-6
processor-4: node-7
(buffers)
buf-1: buffer for storing operand pages of projection
buf-2, buf-4, buf-6: buffers for storing outer-relation
pages of join operations
buf-3, buf-5, buf-7:  buffers for storing inner-relation
pages of join operations

E1 Muéabe
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*1

NIA—H DRE

tuple size

64 bytes

operand attribute (integer value)

4 bytes

each source relation

cardinality (number of tuples) of

10000 tuples

relation

cardinality of each intermediate

1000 tuples

selection selectivity factor(ssf)

0.1

join selectivity factor(jsf)

0.001

(cardinality of intermediate result relation

of the selection)

= ssf*(cardinality of source relation);
(cardinality of intermediate result relation

of the join)

= jsf*(cardinality of outer relation)
#(cardinality of inner relation).

£2 MLEHERERE

granularity (buffer size) for input stream:
(number of tuples)

selection operations join operations
Experimental node-2 node-4 node-6 node-7 node-1 node-3 node-5
Environment (staging | (staging | (staging | (staging
buffer) buffer) buffer) buffer) Jouter- inner- outer- inner- outer— inner-
relation | relation relation | relation relation relation
(buf-2) | (buf-3) (buf-4) | (buf-5) (buf-6) - (buf-7)
page-level | page-level |page-level |page-level| relation page-level |relation | page-level |relation page-level
-level without -level without -level without
Environment-1 stream stream stream
(1000) (1000) (1000) (1000) | (1000) | parallelism| (1000) | parallelism (1000) parallelism
(100) (100) (100)
page-level|page-level |page-level{page-levell relation page-level [relation | page-level |relation page-level
~level with ~level with ~level with
Environment-2 stream stream stream
(1000) (1000) (1000) (1000) }(1000) parallelism| (1000) | parallelism (1000) parallelism
(100) (100) ; (100)
page-level | page-level | page-level |page-level| relation page-level |relation | page-level |page-level page-level
~level with -level with with with
Environment-3 stream stream stream stream
(1000) (1000) (1000) (1000) |(1000) parallelism|(1000) parallelism|parallelism|parallelism
(100) (100) (500) (recomputa-
tion) (100)
page-level|page-level | page-level | page-level| relation relation relarion | relation relation relation
Environment-4 -level -level ~level -level -level -level
(1000) (1000) (1000) (1000) - | (1000) (1000) (1000) (1000) (1000) (1000)
4. 2 R 7SI L—vayORELEYL—VIYLNL T

2~ 5 12Environment-1~Environment-10%& % DIF
AOEBIRREOBERTRZ Y 1 L F »— FERT .
Environment-1&Environment-2% th#d"% &, Environ-
ment-20FERITHhHh EFR Y FOXB LR LY, BIRHE
HEOYXTHEDS| X h, AEHESHEIHIZZ N
b»3. £k, Environment-2XEnvironment-1DHEICH
WT, Enviroment-20& 312, N—=YLANWRYTIFa
SYFoR/ETIZERLY, FLATIENSIEHEH
Bz Mb»S. Environment-3 Tlk, BIREHN (H11i
B Bnode-TORPFE) BEHHEIh S, COWTHY
A LFP—bREHATVS. ZOREWIT, BHHICELS
A=Ay FBFIREZ T3, 1TV RESRShR
|, vhbb, 7IVYL—yaypnNv T 7HIAY
Yo RVRKTIE, COFARRIEDTDS.

<1

IZaJYFLRBEV, 1 YFYL—vayeRiET S
F25YF ¢ 2ELIERFGEORERMOZE{L2EE6
WRY. 792239 F o BHIWRERE, FIVFB®
BHELIEH, BIU, TOYYHREORA LY —A
F— 5 OZAEH YA T 30T, HERBBRIRS.
e, Y3223 F ¢ BRECIFEIW, HBEMTOX
MY~ LARYHIREOBRYB|IEHIh RV EDIEZ, BE
RRBSEL 23, £, ZORERE, 1TV HEHAEHH
RKIBDT, LOKRERAEVEAXBHESh TV ILE
WNH3. BYRT S22 F 1 OFER, Ty $iH
OEEEEB KU R b U —L7—5 RT3 DIHA
TESNETYRCEET 3.



18. 28, (sec) a. 18, 28, (sec)

node d . ; . T r node ; T r T
number number|
5] | LR LA L 5] —
1 )y g Ay Iy ey o 1 — ool
2 e 2 e
3 —i\l‘qi‘i|i|i|q’i|l 3 — —
A p— 4 ey
5 L LU LT Y BT AT T BT 5 ——
5 (e 5 .
7H W 2 A WA e W 7 —
B2 %4 AF+—F (Environment-1) B5 ¥4 A4LF+—F(Environment-4)
8. 13, 28, (sec) executing state  data transfer
node T T T T T
number
5] A -
1 — b
2 f— demand transfer
suspending state
3 byl
4 preee
3 il
5 [e.
7 i
B3 ¥4 AF+—F(Environment-2)
. 18, 28, (sec)
node . T T : —  (sec)
number
A "My Aams %
1 L U BB EE 20
2 [ E 15 L
3| e—meh kddmd .
§ 10 |-
e e
Q
5| e i ® 5r
B " o ! | !
10 100 1000
TR s ki st . (tuples)
Granularity
Ela %4 4LF%—} (Environment-3) B8 U35-235YF ¢ &ibBKE

(8)



5. Bbhic

Bt T TRB U R T S A%, RohRFHR
REORPT, DEMOATIWELS % HU TART 35K
woWTiERR, AARTE, BSEHHOREARE LT
EREHUHALHNEZ Sl & 0. THRIEERT.
Boh R EsaREo Ry CREHOF — Y ORKU RIT
WD S UHIAERITS Z E WEHETH 5. BEREBHAYGF
HireEHTIRAETYIF + TRRL. TZOEEXTYIF
L TREVTEIRELITR- k& XORBERERU 2.

EHEDOVL S 1 s, a—HL« TY7 « 29 b T—
% (LAN) ENORBIC LY, EHEOEHEETI I
Tokve, GEF—YERENTHERLANTHALE
RESHRBUEBITEXI L5 R-k. BREAAR, 20O
ko umige sy aEsicELTwA11]). BRlL, CO
HREBRT — ¥ N — ZAEDHBRAEORTREAL T
w3li0], [12].
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