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Abstract We investigate the effect of the data skew of join attributes on the performance of a
pipelined multi-way hash join method, and propose two new hash join methods in the shared-nothing
multiprocessor environment. The first proposed method allocates buckets statically by round-robin
fashion, and the second one allocates buckets dynamiéa!ly via a frequency distribution. Using
hash-based joins, multiple joins can be pipelined so that the early results from a join, before the whole
join is completed, are sent to the next join processing without staying in disks. Shared nothing
multiprocessor architecture is known to be more scalable to support very large databases. However,
this hardware structure is very sensitive to the data skew. Unless the pipelining execution of multiple
hash joins includes some dynaric load balancing mechanism, the skew effect can severely deteriorate
the system performance. In this paper, we derive an execution model of the pipeline segment and a
cost model, and develop a simulator for the study. As shown by our simulation with a wide range of
parameters, join selectivities and sizes of relations deteriorate the system performance as the degree
of data skew is larger. But the proposed method using a large number of buckets and a tuning
technique can offer substantial robustness against a wide range of skew conditions.

Key words : Parallel Query Evaluation, Pipelined Hash Join, Data Skew, Load Balance

A E A adstd e Hedd ey
jingue®@ add.re.kr 1 k’ E
Ao Fddsy AREATEs AReAe wy

sijin@es.chungnam.ac.kr

TAed : Felistn AR PFE TR 0s 7 2 A elelde] 2k o] B3=
scho@ wow. hongik.ac. kr by ey o RELE =

¢ > z A3 HlR{LS © Z7}3hch
2% 200 79 0% t a‘goﬂ il FML 18e HE s 98
AAREE ¢ 20029 29Y 209 (multrway)fé‘?l AolE 2-way Z0ES dEANZ =

AR dolghmolx AlxgolA 2 de ngo]



9% s 2

AQAgzM Ay ugoe] mzxm Heo] HIY AF Ao
E38cH[1.25]. FlEie] diolgMol: MHE S 93|
A HE Age A 99 HZEFRZ AAHoiA At
W dlojetdo]l vlilel Ao oJo], HIZde A&
A7re} CPU, #W=ze], LOZA Fo] 1d& o) A7+
28 HE AFEF SFEA tbF ZEAA V9 W
2 diojepdlo] 9] WA sMEAS HS WA 3z Yo
(3. 2-way = <Gt dig A3z W EEA
(parallelism) &&= |74 A FZ=
m-way OHE 2 At oig dikAt 7 HEAds ¢
B d77E @23i6,79,10]. 2-way ZQllA 3
Al 719 20 S o8 7HA) &2 WUHE F P
Asol & Wyoz Hrlg wekon{4], 53] ol
2 He7b 7hssith (89101119 ©F siA =
Q9] glo]xglel AejoA T A g why A
A8 Algel RA] E(bushy tree)d] & 5ol whst
o @?5}95‘@
g Ao 712 Mde A8E ZEe AF FHER
-rF—1 HEz Y2y A87F BE Xy =ZEd 98
F2Z XHed F UEE e Aotk HEAHS &
5} shiel Aol Ty A Y HeEe] o
7Rl ’-‘}‘ﬁ—i oAz, zt AYPEe] e Z2AA
J ’*1 iRk ’é?‘g% T Aok 3} HE Hyy
2 Eol7] AdMe AYER Z2AMEANA F
A71 FAlY g4 Adoly 5718 w3

T

Oln_&

_0{_1‘
r-{m

[ ot ok m\n
_L
O.L.
= m'

£ HAs}E|ojof ?i‘:}[l.B

Z20 A=) WE N HAe/hde was F 3t

£ 298 °1Eal E(attribute)o] WA= 28 3t
9 %ﬁ“?, EX(data skew)e]tH13,14,15]. 2A do]e}
Hloj2ol X Foj7 AERET} e FE F oW @
Eol tE @Sl W o L°l HeEhte A gA 2
Zi F %IORI ol BEAYS A5y By I}
) [135. 0174" Z}E’ﬂﬂ uAlslol e EAold
1}3-4 42 F39 46‘&} we ARE 3R B
2 TZAMES %‘ZHS}%P 4 z5e] B9y ¥
o TZAMEL AT e FZwple)ERZ sl

of - HHE Wb el BZo] A ZRAME B
AP 2t MEA "ok Y B3l BEYe do
e g Qeclog A Az7te] B4z Q
A (selectivity) 5 A3 A7 o
He 2ol dch[1,.2,13].

Al 71EE 2] WA zlge] BHd BEXE uin)
3t 2 H3te] #¥S R3] 9% 2L A7
AWH13,14,15]. 28y F& 24k d(intra-operation)

Q9] sholmebel Aol B 28 $¢ 2ot 74 47 181

= 83 @A H3 ¥ A dig
H gF Al 7 209 —4023}‘1 Aelel 9l
°1’ﬁ«] A7z vEsg gol=Z kgl e &7
ANz 71E9 2-way 219 Y 71‘3* Xl IHES
asteford wiul opg}l A4ka}l ZHinter-operation)oll
HAEE FHANY Bg¥ FEIx ngsteiop gioh
B =38 Shared-nothing #AFEH F%9 Ad-hoc
m-way 3| EA9 Folxeiql HeldA Fa FEH
33 FA gl gt A3tk BE A kEE 5
HHORE Z2AAM, WEE, 281 Y23E 1 UL,
I ol A5 A ok oF 2QAM 2 oE
ﬂ?rE"ﬂ Fﬁﬂ °]@J’“‘ Yo PR dA =<

EwE X7t dF siA] 219 dolm
2kl iﬁﬂ°ﬂ FE 9Fs 2431, o] 9FE HAss
€ #&o 438 24 dAUES 2E N2 Felze

3 2 A

2

£ B2 O35 Zo] FAHY o 23edME o
¥ ATEN gF 2 At HHE 3 Y CH
A7 B8F5E st 7]% A7 EAEE W
ot 3l M Tl sA] =AU FHAM 22 o
EYREY AR BFE EEXE AYsty, ETY EF
g UHE e 4013\1}"1 Al 24 gaEEe o
st AWEth 43 Me 2o d43e S8 AEd 4
Aoy, HERY T2in R viste ’S‘%’i‘:}
SAelMe 48 dd disf ddsin, 6ol 28 %

2

15 gl sl A9 g

g 29 AR HFHs 2 HEste) dE o9 4
T7F AYEACH,2,10,11]. Tz}l sjA] ZA9 A
T M AFE 2-way A 29 WHEI A9 o
T A 29 HHG F HEd AFE ERE F 2
o B Aol diated 7R dAWE F V1S o)z
gkl shAl 2<9109,10]8 EAEe A3

2-way Al ZA& 9 Z2AM AN oF =2
Hal BHoz PR3 FHoz dysid I
4], @Y Z2 AN BFH0NA 2 93 RXS(H

714, IRI=IShe]l 1€ o), RY Z FZ9] =2l oE
HEE 3tAl(hash)3te wWme] e &) =5
thRE WF Hdold =& HolE 75§ e
g &) 283 g3 F SeR YoM e
Mg o] A) e er o] % °1E?4 EES #iAls)
o W2 o A= R A= 0lELS AR EH%
o] Hd ¥ BES AFstY Ay %r:llol*w 37



182 BRI A L olEh o] A 29 A Al 3 Z(A026)

Z zaAA @HoMe R3} S7F oW 7] ol 2ls)
N9 Age=o) 3oz 24 A5 itk Ry, S
Zzbg o Aol A" R S¢ ¥ dold
(sub-relation)olg} FAH2<i<N). T Z2AA 873
A9 2-way B8 A UL &2 AN ZEAN
TUHE B A ¢ UEE F A9 gAE 744
ok E2g@A(split phase), &9 A(Goin phase). £
dANAM ZF A ==E R $i& A k=9 FiE
v@ate 2 @99 A g Ze Ry So 2E
(partition)°] FY§ A o FHEE Hufr7l
th ZAPA A 2z A ke EfFom ¢ ==
Ax 873 2o Paoz AT gEFH R W
o2 Simple A1ZQ), Grace 3|A|Z2], Hybrid 3jA]
Z<lo] ATHA4,15].

OF Z2AAM 8749 2-way B8 siA 20N B
AAE 1 Axzl HolHES F9 AEIHRE 3§
Al g9 B9 E oy A BE¥E Uy 01 ZAgA o)

A 74zt R8s TEAMER A ZATCE wef 2

9l oEZREQ o] F-5¥F(uniform distribution)
2 59 oty BgEe] Zrie ¥4 Aotk ey
ZQ oERE 53 e HEI 08 gl ¥
3t BE At 71 & BEs 2UdE ZEAAM
EAsHA HEE A Rt gepdoh [15]dME
2-way A ZQel WE AMalolM EE(partition)®]
Z&(tuning) & B A FI ¥ A A I+
g9ck (1519 ABJ(Adaptive Load Balancing
Parallel Hash Join) 92 7129 Grace Al =
du g F3F #8 FA qAS ALE Rolck E&
@7, Z&Al(tuning phase), Zo1&A. EaldA oA
Zr ZRANE & oA Ret S e B 0

2 BA(sub-bucket) EE EZA)7c} —‘%a] ‘%}74101]*1

RI EE (SI7} MR 838 e A9E 2 wAs
o) A9 Tz oA sttt 2geAdE 2o
wAdA 38 WASe 27 HuE Assd BE

o] #53 HMEHEE 7] 93 4 Hexmze Al
TE Ri8E Si9 ¥ HAEY =2V FARE vjE (AL
FAA A =ZolA A AR MY =E2E g
ik dHold R Sol oistd 193 Bl 27)
HEE £33 9A “Largest sub-bucket retaining
strategy”ol ©5td HMAES A == &I
(bucket mapping). ©] ¥¥9 A WL H HAE
F Mg & A7 F wASs 2 s A xEdA
S @33 547 g2z YEH FES £0)9
= Wit o] oz WAES A =ZEA &

A F oby Eide] <Udd tﬂ’ﬂ%% “Best-fit
decreasing strategy’® ## ==EdA FAIZch
o] HHe Al g9dE £ 3-7]9]- A2 g3dE o
A9} 718 T o) HAU He A ==dA W
AL EFse Wilold Z&dA G o3ty REE7}
ol TH14,15]). & Eo A =271 3 A W
A 45 pE AL W 2NE <bbybi.by> =
<0,1,2,.,1> & A, HA b2 A x=ZHON A, HA
b iii]iE#Mlﬂl, HA by Ae==#244, ., H
A by Mx=4194 E7ED A4 MY kES
o] ¥EHHE TE AHIYx=glA WEstd WA

AR A WA A FESE 4 A
=EE A4 Bl usl SRAoR siA 2AwT
[5]eHE 71E A 22 Wl ¥¥ 28 PHE

=Y% A= AB] ¢undEs ALt 259 B
ol sl EAAA F3 AHE FASHAG

o3 dA 29 HH3) 9@ wEs 7Y A
st Awgich A T 2Ae
208 Fo)zEggl ooz o
AA zlo] gg=r] Ao ojd 219
Z99 Y¥oE HY & glo

p)

The omz e Ay A
e 29 4+ AH5E39100 Fel A3 Fol
Aolel sl A2} SbA Yol AW ARNE BED, 1 F
Ak vgoz VOHE ARG Yote] Ao AW =7

E e o HY Ege =9 ’é‘%‘ A7 BAE
o]l EfzZx HAFEI(left-deep tree), FHET
(right-deep tree), E-AIEZ(bushy tree)7t ATH5,10].
o] FolA -FEZ S —r’\lEE]‘” o]zl w49l
Hy AMgds st ok SF¥ERE 7RI 9edt
o vwd A deo AYS UE F Yoy FAEEF
Bt 2 AY A o §5480] Ht [9]dME Ze
AY A o) A2HE(segment)E %E]‘: sto] Lz}l
Hzle 78 9E TR v $F¥EE AL
€ ARG ANE Ay s ‘:‘“ﬁ°ﬂ 3t A5t
Aot [10]e4E 2o AF Y4 o $FEqEG F
o 84 e HAELE AN oS HAHsd 2
o] 43 Egg ey, BEE 83 43 5

7187 HEE Z2AAE @Fsidth (1164 e 14t
£ dalolde o)X ¢yl HAd e AAE £l
3 29 Hdxele] BAE dAFEY MAE TR AA
a9 whHe A7k (9101119 slolx=Ed A
e Fhojzelgl M IHEC|TH9].

o Al 219 A3 9 P g8 AF[256
89,10,1115 BB, do A9 E&j9 FeHr} HIE:



oz A 29 sl Aol

A RAEE 727 A EFHAL T o] 7=
& AAHHE AT JH9 xHez M A=2F FYiH
WS sito|tt, el d¥ Eaiyt BEZSAHEAM
24g /YES 9 2 T P ¥R opg
ZQ A3 e A8 T8 BA= mesteof o
azvh 71&e] olzel]l A 2U9]L AR BT
EAE nshA g1 gloernz i 2 e 23
EAET 20 98 T 28 A3 xelm A A
A Ao A AE, Aol HHEA7Y 4 A3k 5
Azrg BAE A

3. mo|Z2H2! N2 BHUAMe F3t 2 7

3.1 71&E9| njolmajRl sHA| =91

AFE|TEE Shared nothing 722 7F3%c A
roopth X9 wwale} Azt Jdn olug M k=
=go] 1% Poz JAHY vk EEo]l HA &
3 SqrIMRHe A k=29 TIAAME ZEIVIE
el 2Qe Equi-join °l¥ ZY oEIREE v
A9~ so YA Fuha 7HAZY. RE HolE 7EE
dalo)e] Arle dhte] Aol A(stage)oll FAd=
Ag w9 Wra 7] Rt Roy HAl eWER
£ dojual gedn 7HEg 2HolA o] § 7o
g k=7l §9E = ooz 549 Ay A
M dhie Elolg 158 Zeolde A7 A =
=9 Wug 37|Eg Adu 7P

[10]1ME 5 sjA 29 do Hg s 181
¥ Zo] ¥Albushy) A8 EJE s}e] x=(do]x
#el AaRE)ZE 23 oln Erg FAHE Y EY
£ UE F ZIAAE sk S ARSI

solZegl MIAE(e)E MIHRE)E o) /e &)

S2PNIO v\‘< 1PN
I N
NN
@\\\ N

ss:mo@"
%\9 ) &\ '\‘Q &\)

N \:J 4*\ 3 \
: I \ TOIERR Ha) U9
H5 Rﬁ

4
\
A x 4PNG
g‘ﬂ\ ahl ‘PN#
SEPN10 ¢ e
N S i3 o Es
A sree HIMSGRTE Z2HM +

'? '8

g 1 A 43 Egl(bushy execution tree)s} A1
ne

R: walold

] 2-way 9 HA 52

>
Buikling refation A2 2 &

—»
Probing reiation A2 3 &

PE 288 B8 ¥l 0¥ #A U¥H 183

o)X (stage, 2-way W# A7l eaHez AF
H FojZEll Azl 28 23 Yk 2¥1F Zo] ¥
Ed AORESE Z17; dolxelgl uhle] ofF) ol
A HE XNeHH, golzejl Al 7|E ©eivh ¥
o} &H A F71 kel & HMIHES Fo|ZEl A
g9l HolE 75 A BE A dAR +4"
o YA 3t 2E oAy F Al o]4e] TR AAVL
23Ee] Aukn sHYEA, MIRE $FE T E A A
9 A4 N = Yi=l..k nm olth, A7 A nie 2HolX);
of &g ZEZAA JlF 2HolRel 3 e} T2 AN
7 @3E A9 2HolA WA 28 B3L g

H o] &2 YA (table building phase):

NAQe Z2 A7} shte] AlanEd 3= 35
E ZHo)A Y FHAHolESe] then 2& AARe=R
HEgz FS5Eh

step 1 @ BE& Z2AAN(G=L. N)E ta3dA &4
ol &8 HyolAd RiG=1,.k9 2 HolA
Risn(sub=1,..n)& #o] &A ¥ HolB& TEP) of
W 2eo]A)(i=1,. kol FFE ZZ A7 sirgolE
TE4 dH ol Riwd 3 B25E HoH o] E& 4

f

=3
FE5S 2HoAY 2 42 £YT F 4 BEE
ng] e Y WEd gste 2Ho)x)g i Z=
Al Aol A B

Jek
P

step 2 : 2EH o)X e BE ZEAAMe XY BES
g oz o 3jA] ¥ HolB(hash sub-table)S T&
gt

S=Z AL Sl (tuple_probing phase):

Hol 72 wAZF $29 § et Ro| Fojzet
9l Ael7} WA,

step 1 @ BE Z2AM(=1. N)¥E txzdx 4R
ol A(-3F o]z Edle W & Qx=) S F ¥
#old Sap(sub=1,..N)& 299z et 4 852
A WA AR Edgsz E¥Ho 3 HA 2H
o|A 9] £& WE o AAH T ZRAMG UA

2E0)X 9 Fo ZEAAME F ShpolAl BulRlch

step 2 @ ZEOIA(i=1,..k-1)2] & ZZAAM;E 24
o|Aidll Bolov FE ZAME dyold F AlelAl
Hxle B dyold FES5L Y s ol
T2 GAdA FuR A B EHolEe MSAA 2
gty 299 ANEFHEFN)E FEGAE 2H0A),
o] B8 4R B F 7 EYE 2HO|ALY &
@ WErt 2AERE g2 AdolAl. 9] T T2 AM
oAl itk

step 3 @ FIAIL 2Eo|xe] Z ZIAAME ZHelA



184 AR 3 =EA  Holehuo]2 A 29 # A 3 Z(2A0026)

2Z AAE Qaold 3 Aol wRw
58 A s HeolR 7%
@ S dloj&ol tgAA =@k
4% A A9 faad] 25
Wz e
HIRES shejzejel Helo) e A% S 1Y
s o

[N}

(OXLELE =2
-
Building relaton IR &

—»
Probing relation A2 E &

mol =22l NIe
23 %

S#:PN#
HMONEiCHIYE Z2NA 5

28 2 ozl MawEs 43

4L Owslslr] s 2”14 S19 b8 Ao
E §2, 83, 22]3 S4¢] Ago] m% AKHAR, A2
HE Slo] 9709 ZEgM7E F9Ee Advn T
o} daold R Az =59 A9 fiad ofd 7]
o) o) B4k AgEo} gk 7}731'51\‘% 2 =44
E gyl wjx A& ohFA gon, 1 dolA
9] B¥AE FEEEE /AT

A wo| FRAL(ZIZAM, AR, Uiz, FA
Ael7] 5rEel A3 Alzte] ZAAZ(deterministic)[13]
olm %9 oEFHESY 2E ¥y} AFTEEE WS
= (10,1119 48 &7 Aol "‘4 A8 dex
FESh, AA dolepiol koM e dFEEE WEA
F=ch(13]. [10]91M ARE-3 H]O]E}Bﬂﬂ"‘ 7tg 219
218 AE(HY ol BE & AEIREY & AR
o AFRE e 2y HHE AR £ de
A 28 dd ¢ AREE EHE 3 A4F g2 *
AgsicH1,2]. [10)M e FFRE 3 7}75!6P 24
I BE FE dE[12)3A ¥ i3
T ZrAME st v »P E"/P‘ Ay &
7501]/\-15 71&E 2-way g gﬂ/\
2 28 5% X uig 99 E%% ’Si}%l?}. )
ghr] tioletuojsef A< %74] ZPEOﬂ N,
off WAlste] BAo2 Hh¥she &Y 53t —-gﬁ‘f?é
Ql darglge] 1t Y He Fulsia glojok gt

3.2 Xig E7Y 229 Holot 1 Xz| w

A 7y ¥E 29 ¢ndFe F UMA FaE &

FIO W
BoE

ARE ¢ AHi14,15].

ol d(FEEEe

1) MA(bucket)& dhte] &
Aghel BB HIY =9 olEHE

E #e oWl EAd wet Feld FEES Aot
WAL Dol FHFRETY 71 Tsjo|=E u

zeje] AAZF A%E 5 Slofok gk e &A of
ERE o BT EXE U HEZ S U4
& & on o Ael(14] gl Aol Astadh &
BRAME gojzel Ay 544 HolE 7&HE ¥
gold AAzt Wzl Eo2 £ Jderz HA 2
FESE DA geda AR 2) A e g
4 2 duEEe BEHE 7 oy FE 40
| Z2

T5A 2z A =zo Rujgoleol shed] 22 oE
YRE o Bus £ 47 fid Y Rt =
& Ag e 753 BuEA getH1ld]. & =52
o} A& &} Az B7F BEF oy FoA o
ERECA old gSo) b s His wo] v

]
v @4boln Ay BFY BEXo uldh gL Wi
ool & Parvl loh1314,15].

321 2-way ¥38 A 2%

o %2 ¥4 R XM So 5749 227 & E
o] 2-way W8 sjA] 2AScha A 1 AR E
#Ho)M R} SE o8] AP ko Yoz 28 A%
go] Z e ==r A9 g23d R $(G=0,.4)
723 glckn siab oj®l Z2AM7F RiE XY 1239
A o] B3d m x93 oERES Az BEA4Y ¥
FE O3 gol wAY =Vt €t As F Wl &
F(sub-bucket skew)E Yo £ Uth o] HAES
HA ASgE 7 =2l wjREE Z2 A A0
Bucket(0] & @ttt ok mE Ryl a3y e
A8 E9d BIE ;&t}ﬂ% EREAAME2 e
H&H(partition)& [Pl = 5% o} Ho} ZZAAY29]
a7t AR 2A Bk B3 —8— &{1 datell AA A
Hez WA AR AN B3te] gEe §AF I

BREL f(A) =Amod 5
1Bucket[11( =
{Bucket{2]! = 240
I1Bucket[3]] = 80
Bucket[41] = 60
|Bucket[0]] = 60




o A 29 dolzE]l Aol B 2eS 5 FI 7% AA WY 185

87F 9o14,15]. HE A 2 LngEd A
GAA HARE ZF Z2AM FFded 2 HE
(partitioning vector)& AHR-8IT} [14]oA= Hold
o] AR (HBEIE ol £ HEig ARFAT

E3 WAl £& HA EAFe Z2AAMe FEG
A sto(fine granularity) £&9] E4% 342 Fol
=% ok (154 W) 3xE 583 =24 st
o I dgold HAE HASE sAIst WA
Azle] AY BEESE gohd Fo ¥ A

2-way ¥ A 22U R X Sl £ oEIRE
9l A7 BFHe] $= Lol T Y= dyoM
EAst=rl w dAAFe} olFaFE FEE

=11
13.14.15]. 21831 2-way Z9o} FAsie 4 ZZAHA
o] Axt o)y FF 57t iS5 EEE ZE A
< Z2A2FET FH14]. A& S0 Re| F9 oEF
BE zto) {1, 1,1, 1, 1, 2, 3} o]z S¢] %2 oEHH
E 3ol {1, 2, 3, 4. 5, 6} o] Qd2F7t EAgTh

322 0% 9d A 299 dolzee) A2
2way B2 A ZQUSIAAE HolZ 758
doldst AAe Yaold wEel T3 #HE AR

T2 o oY golZEl HIaHEE HolE T
£ "Mool BF vxeld FHAjEo ol 3t 54
AR, BE PZAME Heolie dd Telzaikle]l 48
gojot AEoFte E4Jo & RY} S§ EF 1EF
F&e] dEFA Aot

=EMs HeolE +&%8 oM it
LS 758 FAESE ETh i ¥ A9
718 dee SFERQ o]zl MIUER 3l

O v ob

2 xel& SPPJ(RDT)

9) // Tuple—probing Phasc : Pipeline Processing
100 // for all PNs in the systcm

—
2}
Z
v}

EiE] RDT: thE =908 93 o] =g (Right Deep Tree)
=9 o] A
BEGIN
| 1) 7/ Tablc-building Phasc
2) // for all PNs in the system - Split Phasc : split and redistributc building rclations
3 Each PN reads its portion of R; from local disks to its local memory pages; // Ri is the building rclation
4) Each PN builds a large number of local buckets from the memory pages using a partition function:
5) Each PN sends the buckets to their destinations in the same stage according to a round-robin partition vector:
6) // for all PNs in the system - Build Phasc : build local hash sub-tables
7 Each PN reccives its assigned buckets determined by the round-robin partition vector from other PNs:
8) Each PN builds its local hash sub-table;

11 Each PN reads its portion of S from disks to local memory pages: // S is the probing relation

12} Each PN builds local S-buckets from the memory pages using a partition function:

13) Each PN scnds the S-buckets to their destination in the first stage according to the first stuge’s partition vector:
14) // for all PNs in the first stagc

15) Each PN reccives its matching S buckets of the local hash sub-table from other PNs in the system;

16) Each PN probes tuples in the S-buckets against its local hash sub-table:

17} If there are matches, the intermediate result tuples are generated, /# Join */

and the result tuples arc partitioned according to the next stage’s partition function,
and sent to the destination nodes according to the next stage's partition vectors /* Split =/

18) /7 for all PNs in the middlc stages // cxcept the first and last stage.

19) Each PN reccives its matching S-buckets of the local hash sub-table from PNs in the previous stage;
20) Each PN probes tuples in the S-buckets against its local hash sub-table;

21 If there are matches, the intermediate result tuples arc generated, /* Join =/

and the result tuples arc partitioned according to the next stage’s partition function,
and sent to the destination nodes according to the next stage's partition vector: /+ Split =/

22) // for all PNs in thc last stage

23) Each PN reccives its matching S-buckets of the local hash sub table from PNs in the previous stages
24) Each PN probes tuples in the S-buckets against its local hash sub table:

25) If there arc matches, the final result tuples arc gencrated, /* Join */

and the result tuples arc written to local disks:

23 4 AA B ¢1u8E (SPPJ: Static Partioning Pipelined hash Join)
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%12]%E ABPJ(RDT)

1) // Table-building Phasc
2) // for all PNs in thc system - Split Phasc :

14) // Tuple-probing Phasc : Pipcline Processing
15) // Same as the SPPJ mcthod
END

49 RDT: th3 20¥ $% o|d E& (Right Deep Tree)
] EE ]
BEGIN

split, no redistribution

3) Each PN rcads its portion of Ri from local disks to its local memory pages; // Ri is the building relation
4) Each PN builds a large number of local buckets from the memory pages using a partition function;
5) // for all PNs in the stsem — Partition tuning Phasc
6) Each PN reports the size of its local buckets to the designated coordinating PN://there are k coordinator(k:stage#);
7) The coordinator collects the bucket distribution information and make a partition vector
using the largest local bucket retaining strategy and best-fit decreasing strategy;
8) The coordinator broadcast the partition vector and Each PN receives the partition vector;
9) // for all PNs in the system - Bucket distribution Phasc
10) Each PN sends the local buckets to their destinations in the same stage
according to the partition vector;
11 // for all PNs in the system - Build local hash sub-tables
12) Each PN receives its assigned buckets determined by the partition vector from other PNs;
13) Each PN builds its local hash sub-table;
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