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Abstract  Star-join is an important operator in OLAP, in which the big fact table needs to join
with multiple dimension tables to perform a multidimensional analytical processing. The star-join
performance is dominated by join performance. State-of-the-art researches majorly focused on

how to optimize hash join performance for different hardware platforms, while achieving the
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maximal hash join parameters or implementation is a complex issue. Hash join doesn’t rely on
semantic information of schema, while we can further optimize join between fact table and dimension
table with dimension mapping feature. This paper introduces a novel vector index for OLAP
workloads to accelerate join performance between fact table and dimension tables. From schema
perspective, dimension table can be mapped to vector index, each fact tuple can be directly
mapped to corresponding positions of vector indexes instead of key matching based hash join.
From implementation perspective, vector index is designed as combination of bitmap index,
dictionary compression, PK-FK referencing constraint, and join index, the systematic design
enables vector index playing multiple roles in query processing: (1) vector index acts as filter like
bitmap index; (2) vector index has more bits to present more information than only 0 or 1 of
bitmap; (3) mapping or creating incremental PK as vector address and updating corresponding FK
column to enable PK-FK referencing constraint as vector referencing constraint; (4) the foreign
key join is simplified as referencing vector cell with FK value. With vector index, the costly star-join
of OLAP can be extracted as vector index computing, and the OLAP query can be simplified as
vector index oriented single table processing. The simplified design of vector index not only
improves performance but also reduces the complexity of implementation on GPU platform. We
first discuss the vector index mechanism and how to implement vector index inside database, and
then design the update mechanism of vector index to guarantee vector referencing constraint
during updates, and finally propose a vector index oriented OLAP framework to accelerate OLAP
workloads of main-memory databases. The vector index based star-join is employed as an OLAP
accelerator on GPU, so that CPU can offload the computing intensive workload of OLAP to high
performance GPU platform to accelerate OLLAP. The experimental results show that the maintenance
overhead of vector index during updates is very low, while the performance gain is huge. Moreover,
the vector index enables star-join of OLAP to be accelerated out of in-memory database engine,
which can offload the CPU workload of in-memory database or offload the workload to hardware
accelerator such as GPU. The vector index based star-join can remarkably improve star-join
performance for both CPU and GPU platforms, comparing with the leading in-memory database
Vector, the maximal performance gain is achieved by SSB Q4. 1 as 3X, the average performance
gain achieves to 1. 2X.

Keywords in-memory OLAP; foreign key join; vector index; vector referencing; star-join
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7 BB TT Y B S A7 T8 R 51 5 B0 SR OB B — — B
WRFR R LA 2R FEES R
JC WS 2 U i R T S R Y R —
— WG OC R

(O 7= BRG] 75 2 WG, & — b
FRAS RG] T BRI AT 10 15 0] AR R A B 7 [
{18 A /IN B e ) 467 1 2R 5| ) i e v A B AL 4K
MR RG S S A EF RG] iR kR
AR R AR A 2 o 1) R R G| N2 — R i
BB RS

(5) [ m AR . 7 P 2 51 X 3 i (W A A i
KA FE TR RG] /e R B0 5% 1 1) 1 R 5
e BRI RS W R S K B RTINS S
PUEHE S 1 R RS A oC AR B —— Mg R R
GIR LT SR YR AT P TN BT a L i a R -
BRI F AR S B 58 R 2 o SR R I i L B
T % He i vk,

] it 2% 5 | 8 45 44 JE 5 fT 5 (H ) i R g | R 5
MR B AR R 4 B R L B RS RN S IR
SE AL Y FALH] o B o A1 B o e A, R —
] OLAP U 1M 52 il 19 R 51 5 A
3.2 EERSIEZHAFAR

TE N AE ) A7 Al 508 22 o o o5 8 B0 0 o) 1 R 5] 55
BAE A 2 FH 5t £% b ik 75 Ry 32 B L S8 ) iR 5
T S5ig R0 ——me b, SCRk[14] $2H 1Y A-store
R FHECALA7 A 5 88 F B0 T A FE A e 1 248, DT
SRS R RS — — W RS
I 5 Mk ) e S OG R L B A B R
5 A B 5 5 e R IN I5 3 S o7 1 2 B R AR AIE B
B A B 5 ) 2R 5 | b hE 1 ) B S OE R B A
BT R T AEAE R 5 OLAP £ i) 4b #4571 1%
TFL R — i ) OLAP 22 4 77 6k 1 0 B 2 i Ak 77 1
g%,

2 L AT A A 26 & B P E
A S BLE AR 5 L] SE B A & 5] 5 array join™
ARl FRATT IR A W] LRI B e @ M AUTO_
INCREMENT 24 s #11, ] 75 £ 45 i 5] ¢ v 52 B 1]
B HA. AUTO INCREMENT % 5 6] & — 4~ H
KT 5], F AT AUTO_INCREMENT 2 51
Ja& A Sy 1o o 2 5 | bk e S . O S R
BAR FRATEAT T 40 F SR .

(1) 388 Hm bk e S5 5=

k1 OLAP ¥4 5 b ity 4 548 fin AUTO_INCRE-
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MENT 25 J& P51 . 1F S 4 32587 0% b bk e 55 3 Al BB BLAEE AN % 22, T delete ¥ AE T B HEH 7 7]
(2) AN o 5 S g FEA a7 update BEAVERE W R delete Fll insert

FEAH VL 1Y) 32 A1 S R T B M 2 R R R R S B 5]
JIT A 2% 388 IR 1 Mtk B S A/ 51 8 I A B A
ST OA T 1 bt b Bk Bt A e 2 S a3 T DR 2 A R 2 R
5 FR 0 A A D S X 7 A i e S = e
B R B A A

(3) [ R 5| S A AL

AUTO_INCREMENT & o8 3= 4 if i — A4 [f1] &
Fol B F R — — W A B e ALK
S e R AE I L B T B A SR bk RO A
S5 SR 1 T IR 45 G 0 98 B A . R T — R
SRR R T 450 K 4R E R R
A 1 285 S LR 1R 46 % A7 At o8 1) 3t O DR 45 1) it
H kb 5 S AE A — — B

a7 5 =22 1) 1 3 g R 2 R iy — > B m 51, A7
fifh 25 [ AFDAT [ 7 [ 28 2R 5| N TAE 0 2R 51 B, 76 A i)
B S S AR R ME . 5E RG]0 BHRERG]
IMEECIE Y NCIRCEPNRE N[ S AE N X SR
B AN B ] 20 B R | b ok g B S 1 ] 2 AR
3.3 BMERIEFEAR

VEJG S A7 B A8 AL B IR S 5 1o o Bk S S R
Sy i TR R B AR T 1) R R S R e, R AT SR AR
M »
(1) 32 5B - 1) 5 2R 5 | bk e S5
FE B B P | AUTO_INCREMENT % 3
T . i T R R ) B SR R R TG AR TR
SHE(E 5 11 2R 51 B0 J A% b ik 4 B PR — — Bk S O
%, Bl AUTO_INCREMENT £y 35t H fig {f ik 88 {H 1)
T 1 T R TS RE ORI S E 0 A B St AT
AUTO_INCREMENT 238 54 Hy ] 1 R 51 132
AL L 7E A SN S 1) R 2R 5] RIS S 1Y PR 46 g 5
A fith 30 3 BRI 1 ] i R S T A 2 R
AR ) R G A e ZR ] BE AL P A bk
U7 ], AH X 9y 34 b Ik e S 7= 45 T — %€ B9 cache miss
PR AP A B 1 32 i 5 1) 2R 5 | ik Y ) B R OG
F Al m R G| a] U BY T8O R A B AUTO_
INCREMENT #4 s ALl 52 Bl 1) i R 51 - 11 A 5 2244
A-Store —FET B E Hl AL 66 51 5Ok S HE ) &R
Sl T ARAIE ] 5 % 5| 45 R B F 4 30 [ 1) B8

AUTO_INCREMENT £y 3 5 AE BB B AR g %,
Customer Customer
C_custkey | C_nation | C_region C_custkey | C_nation | C_region
1 Egypt AFRICA 3 . m_»_»Brazil AMERICA v K — » AFRICA |[[0]
2 Canada | AMERICA 2 leCamada THAMERICAT SRS} R — - AMERICA |[1]
3 Brasil | AMERICA || -, 4 - Theiland| ASIA TR 1 T 4l ASIA (2]
4 Thailand |  ASIA 1 1 Egypt | AFRICA-}-» 3] 2 [ ¢ EUROPE |[3]
5 —Mexica [AMERICA 6 --{..Spain | EUROPE [4]
6 Spain | EUROPE | T »[5]| 3
}7 Dimension % Dimension table %‘ Dimension vector index 4
B 2 1% E(E - ik i O ) R B
(2) #it 5= 3 TR i S5 I 2 22 A0 At 1) B R 51 B R T i SR

Xt T delete AR FATTR AL B 44 5T R
24 B SR i 3k B — 5 B {E (U0 20 0) w8 N T
LLC RN 1) 5 R B 458 40 77 2R O 25 41 7 T
o oR/NE I LLC I ST e R4,

SR FH A SR B SR IR R 50 SR B0 (R
{ED BRI 1 ST DA S8 #8415 2 i 1 5% 1 4
NP 3 h R 2 A4 R M BRI S 0 J R
B PC L AR R FREMEL O 5 A 6 fC % - AR 1) R
S AR 7 SR e Y 3 B (R (R A5 R 2 Ak
B AT A R 5 58 BN T R A a3

1) R | BT B O A BB G S0 Y T
F| B IC HAA SEORT S A (R e R TR b 4
XFRE 425 X R 2. 8K 5 1 51RE S G AR O 1) e R
1 e 3 R N BT B M X [ 2R | AT Mk
(address probing, # ¥ F % & M4 75 3% #% ' B hash
probing S B 3 F b b (9 B HE I L 04 BR T Ay e
S B S VG T 4 A0 3 AR L Y 1] i BT AR A L
Ti] ik BT P SR AR - 52 RS D B 910 1 68 1 SRR A
SR ER AR AR Sy i T 1] 5 T HOR Y R
SN BT PR AR PRAT IR 1) el ) R R R SR R R E
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Customer
C_custkey C_name C_nation C_region
[o] 1 Cust=01 Egypt AFRICA (0] 1_CK 1CK
[1] CuseEt oz AMERIEA (1] 5 » 1
[2] 3 Custz03 Brazil AMERICA (2] 4 4
[3] 4 e Pl |:> [3] 5 2
[4] 5 Custz05 China D [4]] 4 5 > 9
(5] 6 Cust=06 Germany EUROPE [5]|2 1 1
3 3
Vs L
Customer 4 4
C_custkey C_name C_nation C_region 6 > 2
[o] 1 Custz01 Egypt AFRICA 3 3
1] 2 Cust=06 Germany EUROPE G 5
RIIE Cust=03 Brazil AMERICA v
[3] 4 Cust=05 China

CIRIE s ke L

3.4 ETEERSIHATF OLAP LK AR
1] gk 2R 5 I BIL A 4 5 A0 A o 2 ol ol 1) 41 B2
M S8 R 29 SO AL Dy ) B 2 BRSSP 2 R R S Y
G i H AR AR AL S A BE(ELTE [ R 51 b g g
Y IR) Bk A T i A AR ) R AR B A
mT.
Bk 1. [aEi%E$E Vector Join.
WA« 108 R T VectorInx , 4MN ) FKCol
iy s AR JoinResult
BEGIN
FOR EACH f%Value IN FKCol DO
Joinltem=<—getVectorInxValue(VectorInz » fkValue) ;
IF Joinltem 1S NOT NULL
THEN JoinResult < Joinltem;
//RRARINIEAE (& Value (517 [0 52 R 5| VectorInx [ fkValue]
PR ME 2 e B T R s 0 AR R eSS AR I A%
HARE
END FOR
Return JoinResult;
END
WmE 4 pras, FK 315 Dim Vector Index, [A] i
ROAT 1) 2 AT . FK 1 AP Js 1 e A 2]
o] B 5 FITHhE L 2 1] R 5] T A I R R
HEH AT 2w R G B TTHAE A IR ) i R ] T
(ELAR e A 1) R S R4 T3 e Bk R
LA TR RE.
Bl O Z e e e T R L RTEH S D
I AEFRANAT RIY 3 B4R AR SE I 2 4 o A AL PR A
OLAP #4Eh, BB &M RE 252 W OLAP £ iy 4b
PRPERE B0 E B R AR T R R AR L R E i

B i 52 5 W R 1 0 L S 2 0 2 2
o T 5 ) 2 9 A PR AR 20 P 27 T
SNV FEAR AT, I S0 6 Bl 767 5 1 e B 5 4
LR A T 1300 — 25 00 P 1k % 51 0k 43 412K
9 R 4

IR BRI E CIN TOCE & ]
4 B R T A 17 5 5 42 1 20 2 5
FAK IR —— R T I0 2 1
B R 0 2 A 5 6L B R ) A R JE
i B R A Y 552 5 1 3B O
T YT B R 0 4 SR R B 5
Pk 23 e A 2 6 7 PR b TS

4 ST SR T RS R  SAAER AG 1
e AL SR 2 B TR — T R —
AR 05 I A7 IR — A 3 AL
P2 3 A5 34 25 K L F B 2 1. 2 42 1
ik 2 VR 6 90 B 8 2 085 T LR 1) B 9
P A L 5 A4 7% Tl 4% 9 B K4
9 20— 1o BRI BEGLRC 0~ 20 35 Tl ik 25 7
21— 1 F A . B 3 A ) BT S o T RO
SR 1T K 5SS 5 3 A4 2 6 ik R 5
9 5 1 B O 0 9 25 RO 7 6 40 ) 160
T 25 8 7T B 3 2 L T AR L B X T
KX Kk AR T 4 775 19 52 T e % o
55— o B 1 0 2 SR PR A S R R 5
9N JE T T 564 2R3 0913 0 )
i R RS 5 4 A S
B b 482 S R TR RS H R R
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BT 2 AR AT S0 T 45 2 1. 2 9B 1) AR e AR
M 45 R 1 5], TS SR AT ) i R A
THEAC S RV B 3 9 3 1o i 8 5 AR =5 fEd B 2 S R K
RIRES LSR5 DL R 5 HE oy AL AT o AR 4R
T WK E . AR F G OLAP #5 i) i) 2 JE 1 & %

B e b A R BN R R G R
S OB I 1) S 92 K iR 51 L IR MBI AR
Oy 18 72 B TSRO AR RT LUSE B A A A A R A B
o ) 1R T AR AR N A R DL B e T 1) O R R AT

0] 0] April
(]| EUROPE [1][AMERICA (1]]  July
(0]
(1]
(2]
(3]
VDim V. VDim v VDirln v
ector . ector ector ector
Inegé)(: FK, Infiex FK, lrf(i;?(l; Infiex FK, Index, Inflex
B4 BIY ) i R R
BIE 1) i AR R . ELSE
Hik 2. RIPmEEE Star Vector Join. BEGIN
i MERGIES VectorIna , N3 %4 FKCol . 4 FOR j=0 TO NumOf Fact_VecInx (Fact_VecInx)
FmERG|FHFETCHBESE S DicCard , 5L DO
%%iaiﬁi F_nuyn IF (Facl_VeCIn []]) IS NOT NULL
i M ® RG] VectorIna THEN

BEGIN
InitVec(Fact_VecInz s RowNumber(FKCol[0])) ;
/WA A S R R T
FOR i=0 TO NumOjfFKCol (FKCol) DO
IF (i==0) THEN
BEGIN
FOR j=0 TO NumOfFK Tuples (FKCol[0]) DO
IF (VectorInx[i]Jl FKColl[i][j1]) 1S NULL
THEN Fact_VecInx[j]=NULL;
ELSE Fact_Veclnz[j1=Agglnx(DicCard) ;
END FOR
/)R — A 1] ik e 5 RS B 1) R T AR S
SR{EL WS 119 1) R 51 B 0K 5 3R ) ik A a3k
A5 0 2 4E 5030 T A

IF (VectorInx[[iJLFKCol[i][j1]) IS NULL
THEN Fact_VecInx[ j]=NULL;
ELSE Fact VecInz[ j]=AggInx(DicCard) ;
END IF
END FOR
[/ R I RGN i uE R G AR R
P E 5 AN T AT ) b AR BT SR
] 4 R 5
END IF
Return Vectorlna s

END

TE 2 08 22 4E R 51T b S5 i i 6 (B M hk
S 3 A4 3% ) R S A N BT M L, 2 A R T
2SI R X IO P S S R 1) R 5 | PO O S {H s 2
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Yy it 5 BT HE 25 B AR R 4 ) S R 46 g A R
OLAP 2 i) %5 W 1Y AH 5% 2 = L 36 JE 17 2 4k g 5 31
FLIFRE MR B T S R AR A T R R
SUNE R BT AR R LR MR RGE T —A
N T 42 B B AR Ry ik S A R U () HE 4 BT X B A Ah
SHAE L R FH IRVRE 19 4 2% 1) i 2R 5| B 50 1 0] A 22 4t 4
it IF B S S R i R 5l Y AN Y
ER e A R NN S RS B ] W R S Tv O
N A OLAP 2 ) 38 5 5% 32 2 1 1090 S B 1)
ARG ICHE FE RN OLAP 441 )8 P ) £ 4k
4wty Fe TSR R G ] DL E s OLAP H 5
(53 2 R AL TH 5 O B 2 2k R 45 A B e i 3 A
JNE 1) <7 M9 A 0 2H e k.

RS T AR RG], —
P R (43O by Rg], T8l £ E
K5 a) BB 0 b HE Y i B L DL K A A ) ) R S
BLTT 1) Ml Bk WG U7 ) R Y T AN R R g R s )
— R AN R (F ) ERym R RS, H Tk
LY 1) 5 2 10 SR B 9 AR R I Y AR R
SO RG] E TR A R R RS OLAP

1) BTG HE R e e W B T 1 s R T I R AR
.

RG] XAE Tk OLAP £ i 4b B b 5%
NI IR BIE i e AR e e o R ) & i 4R 4R AR,
A R RS J#AL T — R A AR5 PR
3.5 EFHEEZ5|H GPU OLAP E & miE g

£ OLAP #rifi v, pE £ 52 /4l R4 2
Ly ML SN EOK P (B e e N DN 1 e~ D VA A
ML AE 5 18] 3 4 CPU Ab ¥R, 1 22 4 5] & & 5
JIEJE OLAP 5 i) b # A9 £ 22, v] L 3E 13 B
LW b 3%, 0 GPU, Phi, FPGA % 31473 &
R i KA A i S 8 15 A 10 0 AT o S BRE 1 2%
I ERG .8 CPU EiY OLAP 28 i $ 4 ¥
4.

K5 R3ET GPU By 2 1) & % 42 I d # R
CPU ffi 57 56 R E0H6 2 B, B gt 4 36 1oy i R 51, T
) i 2R | A0 o0 21 3R 4 T A S5 R 7 ) % AR BT 55
T 153 %5 45 Y AL TR I o 3 BTSN B GPU K
LT IR B D250 (M) F 0y i A
I A A% A A 3B AT RE 1 S 1) H AR

1000
DOdate @supplier
. 800 [part @ customer
£
= 600
=
& 400f
ﬁ
200
0
Vector Join NPO PRO Vector Join
Xeon E5-2699 @44 threads NVIDIA K80
(a) SSB
1500
oOorders
" supplier
g ||& part
E. 1000 customer
E. ® P ARTSUPP
€ 500}
E
. e .
Vector Join NPO PRO Vector Join
Xeon E5-2699 @44threads NVIDIA K80

(b) TPC-H

Kl 5

EEARSIE R, 2 8 B OLAP £ 1) 3% £ 5% 41 XF
B 0 248 B 136 A SRR v ROR [R) v
PR A 10 0 ) A, DL K B RAL A A GPU & 4 6
WA WAL B bR J6ATTH = 52 3 1 50 = 512 3% )
BRI B A GPU %4 N AE - B /IN 1 4k 32 1o i
RoIR 52 3 ) B R 5 8 2 ) b Bl & A O 1 A
CPU 5 GPU z [al & 4.

HT GPU 19 2P a5 % H g £ K

GPU i) R 5 Bk A cuda e 750, b 3
SEFRANEES 5 03 ) B &R 51 8] 4R 3R R T A
43 Be pinned memory %5 8], $& /& N A7 U5 7] PE GE.
GPU [ 5 & 5| 52 B AL B4 b bk 1 1] 55 ff 5
AR DAL GE S A 2 10 HR EE R EE 43 S S R A
T GPU L K##EE SIMT (48 4 Z 2 F8) IF 17 Ak 3
AR AE - S S e Ak 2 15 =R 0 3% 1 i R 51 B4 Hb ik
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L
&

—— X S B R T R R B RO AT
b X R S . 5 CPU S-S ANH . GPU i)
iR G B AR R T T
2B R B EE shared memory (L1 cache) H Y
G A7 W/ X A N AF U [R) 1 2B R 75 2 8 5 i
shared memory H1 A7 fiff (1 B4 25 46 B 5 46 77 . 7
HAT IR G A T AR GPU 9 8 R
TEE BT E BLOCK 1 THREAD NUM % & % iy
HATIHE S B RS GPU & & 09 1731 8 1
RE TESL L S B S ARG L A6 75 i 5 CPU - & A B
AN

A OLAP £ i) 3l 25 77 £ 75 A ) A e 4k & |
(1) i & 51, 38 2 PCI-E 3 38 5 37 8 GPU & &
PIAF 9 4 1) R 51 5 b RS TR GPU ) & R
GIBLHAT GPU Ly i R 51 iF 5, I8 1) i &
IR RS R TR B LR E R . 'R
it PCI-E @ & f& i 45 CPU, f CPU M 4f 1) £ R
51 58 LG 15 40 R A HE

fE GPU [ 8 3 5] 11 5B e v, Kot 122 458 =0 4y
fEYE TR AN RS FLREFRK
(1) B R 5| 4 OLAP 2 (19 pE R AR 1k 24 25 i)
(18 o o 26 23 AR A T A ) o R AL e g — 2B R
FAECHE R 48 e AR 9D 1) iR 5 & A . GPU [ i
R ol RAE S S0 RN S 1 R M 8 /N GPU ik
F A RE A SR8 R Bk Ml A 10 1) 5 R 5 1k
X E A PR A 2 e 1 ) i R 5] BT AT DAAR 4
GPU B W A7 K/ 5 X 48 8 B0 P S HF 1
o KB 5t 5 24 850 PR B K, vT LR 2 8 GPU
FEAT I RIS AR g SR A A R AR
] 5 R 51 5KV R o i EEA R GPU |, # i)
4 2% ) i R 5 R ) 3% 24 GPU R Lt 17947
.

25 bk ) s R 51 JE —FpiE ) OLAP #5134
FRARAE T 0 G A 0 B A R R AR Y BT R R B
A ) e B | 2 1 T 4 B A AT Ak R A B T
[ii) 5t 2% 5 | BRLTC 1Y) btk R 1 ) B R R ) R
SIHLEE OLAP 25 if) kb 38 b e &2 22 AR S K Y
BIGER B3 BE m B 5 00 5 T
AAZ AL B AT 5 5L B

4 LWHERSHH

AL 1 F L H b I R = SR A )
CL 3 i 2R 51 5T B AR AQ O Al 1) B R B

BAR X % 1 BB 1 52 e AR B L O 1] B R T 0 S
FAME s (2) D38 1) 5 R 5| 19 ] & 3% e VR MR RE
AL S LA ] i R 51 HLH G A T 48 % HEBoR 1 3%
FEPERR R Th 25 ), M X FE <86 £ K% Ab B AR T &5 AN
GPU V- & E i & % Ak fe . o frid i GPU fins
I et % HE B AR PR R Y AT AT PR () MK T R
1 OLAP B % 45 i P /8 3 1 A [a] 538 125 L %k
i PE e GPU V& 1 BV % 422 Pk e X be 43 B 56 1 )
ARG OLAP B I % 4 in M H AR 9wl 474k, I8
b A UL S 58 DAl 7E YA BUHE i Actian Vector 15|
AKT RG] OLAP B8 i 3 i 3 R i1 52
7 58 B PR RE R T4 B). Al = AN 2 W SE R TR
3 AT ATV PR BE B 2R R e A U A5 D 2R
PEAR ] 1 38 5 | HORAE 540 A B 28 7 5 N A7 508 PR e
ARBYRIAT Iy ZE ATk RE.

SLEG -G o — 4 Supermicro SuperWorkstation
7047GR-TPRF L fE 3, Bic & A 1 $& Intel Xeon
E5-2699 vd@2. 2 GHz 22 #% > CPU, 44 ¥yl 2k
2,55 MB L3 cache, 256 GB DDR4 N &, ¢ E &
4tk CentOS 7, Linux A 4 3.10.0-514. 16. 1.
el7. x86_64, geec AN 4.8.5. WAMNAHIE T 1 #h
NVIDIA® Tesla™ K80 GPU, 7 4 & & 24 GB,
HAE®RT 2 4 Kepler GK210 # .0, & GK210
OB T 2496 Ak BAs . 3t 4992 4> ab B
#% . shared memory 2y 128 KB. 3 % ffi A SSB,
TPC-H #l TPC-DS %4 4 (SF = 100) % iiF ] & %
1R S P e R ] S % 4 MR RE s FRAT 8 SCHRES
ST A () JF U B s NPO Al PRO AR Ry R R AR 26 2
(R PN A7 Ay 3 43 0R0 1, 0 O 3R ik T 3R e A R )
TC oy DX A i 2 1L ML F Radix 40 K N A7 G
A E RS T 1) B 3 R 1 AR LB T R 0 R
b LAPRAIE ) 2 4 5 0 A 3 1 5 R W] A A A
RORMBAR 254 s FATEE FHAE OLAP 2P % 45 4 if)
i M fE S P L (] TPC-H )52t o 4 fik i 4 19
Actian Vector 5.0 NTEEIE EAVE N OLAP M fg Xt
L N ARSI P &R 52 BEPLAE Actian Vector H1i i
SQL 58 Jif [r] 12 W I A ] B R AR THEL Ll a C+ + AN
cuda FF & I ) i R 51T RAE R B % H2 I A% X
FoJE i Actian Vector 5 5T ] £ R 51 1+ 5 0 3 5
i) Actian Vector PERE, WAL 5 A FE F 1 & R 5] 1)
OLAP B JE % 35 sl £ A J5 %8 N FEEE B R G2 Pk
RESETHE .

4.1 mMERIIEFMERE
FATI K T 5 F K3 A 1) 5 R g
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BB, a3 1 Prm, PR KA KR 1000, 0 B 3k
T RG] 0 &% PEGe. 7 SF =100 iy SSB
B b, 4 2w B R 51RO 3SMB, 3
VEXT L B[] 8 3% 4 58 42 /& in-cache #2AE . I AS ]
ek bR B ERE 2 AR K =R
FIEFACM AL 1. 2 cycle/tuple. f& T NPO (g K
1. 65 cycle/tuple) 5 PRO (& K 3. 14 cycle/tuple) &
I B AT i RGBSR R A Y T
— YD T A ol T M R
PR b 1) R | BT AR 4 o 7 AT ) Y L

R 1 SSBHEEMERSIEHIELE

1E OLAP a8, i T 4R BN HH K,
g ) B R 51 N T B E R 2 A AR
LLC Z4  —J7 10 F AT AT LASR HOAE 3R 53 5 0 %)
T F) 16) d 2R 5| S0 2L AN Ak B A A 9 3 A A AR R
BB AL BB B AR I B AR 1 R 5N T LLC &
N AT SR BE A8 DR 4R 5 10 1 e B AR RE S O — T
A4 & OLAP f 2 b 4 3 3007 850 /0 19 4 i R
R 17 3 2R 5 | ST L 2 1) R 5] M B A 1)
R U IR B — % B {ELI S St i ) R 5 R R
PE I [R) 25 SR A N R B S S R i i R

R3 BEERERSIENIELE

Update ] ] TPC-DS AIR Execution Time/ % BUILD/
ratio/ % ate supplier part customer Cycles Increment/% ~ BUILD PROBE TOTAL %

0 0.61 0.61 0.71 0.72 reason 36. 69 —0.57 —0.17 1. 06
10 0. 88 0. 89 0.92 0.93 store 42.48 —0.12 —0.07 0.13
20 1. 03 1.08 1. 06 1. 06 promotion 37.83 0.41 0. 46 0.13
30 1.12 1. 14 1.13 1.13 household_demographics 16. 99 —0.03 —0.00003 0.18
40 1. 16 1.17 1. 14 1.12 date_dim 286. 70 —0.13 0.08 0.07
50 1. 18 1. 16 1. 14 1.12 time_dim 298. 47 —0.04 0. 20 0.08
60 1. 18 1.17 1. 15 1.15 item 112.67 0. 06 0. 29 0. 20
70 1.18 1.18 1.17 1.18 customer_address 190. 71 0. 29 1.08 0.41
80 1.17 1.17 1. 19 1. 18 customer_demographics 171.94 —0. 04 1. 35 0.81
90 1.17 1.17 1. 20 1.19 customer 207. 83 0.08 1. 64 0.75
store_returns 246. 21 —5.28 7.76 5.19

X SF=100 iy TPC-H % 4fa 4 , Horp 40 55 428
Ky F L £ PARTSUPP #1 orders 3%, H W 2
F O 2 BROE R 29 R PR S LR Y ) i
FK G5 A AU TR A A

2% 2 v customer. supplier fil part Z&_I 1 5 54C
Wi KA 1. 28 cycle/tuple. 1M A 80K 1 2 Bt
SR i R G| AR R IE F 3. 64 cycle/tuple,
RAK F NPO (8 K 4. 96 cycle/tuple) 5 PRO (#
K 4. 15 cycle/tuple) F vk (1 3% B AT AR M. Y )
R KNI cache 28I, CPU 14 43 3 FU £
AR ORI T2 455 248 2 2o % 4 1 T R A A T 1 43 S
T g b, PROMGAE 2 2 i SR P e S B b e v
[ET PR

®2 TPCHEBREMERSI EHMELE

Update

. customer supplier part PARTSUPP orders
ratio/ %

0 0. 81 0.70 0. 80 2.56 3.08
10 1. 01 0.92 0. 98 2.71 3.21
20 1. 14 1. 06 1. 08 2.83 3. 37
30 1. 21 1. 13 1. 16 2.94 3.58
40 1. 22 1. 14 1.17 2.96 3. 64
50 1. 22 1.13 1.18 3. 17 3. 54
60 1. 23 1. 15 1.16 3.01 3.61
70 1. 25 1.17 1. 20 3.02 3.63
80 1. 26 1. 19 1. 17 2.93 3.55
90 1.27 1. 20 1. 18 2.91 3. 38

I ) R T | E B A A A A e AR
.3 3 41 T TPC-DS ¥4 4 (SF=100) F5EF
32K ) e AR5 | A [ 3 AR A X T T B e
KT B[] R A A m) S | ] e bl 5 ) A
SR ) R ] B XS L. T R R
HRAE S bRl 2R 2T W SR R DG FR L AE ) o B AR O AR
A NAEREAIL G R, W3R 3 BRI 1n)
RG] bR bk & A 7E L1 B L2 cache,
DAL it 322 e e S A A I T B 1] R T A L 2
T[] e 2 77 4R L1 cache miss.L2 cache miss.
L3 cache miss SFAX H, 1] & BB AC M T . 78 m) i
HiuhE s R) Cra) & B2 o6 51 A B B PR e 52 a2/, 7E
S AL B[R] B R BOR Y 2 A e BER  AE E
o 1AM BRI S IR F IR store_return
A [n) 12t LS B B AT B ) 3G 4 T 246 00 1) o 3% 4
PERE 52 31 B8 R0 52 W o S Y ] R 3 2 I JR] 3 S R
T 7%.

SR 1] 1R 5 SR AR B SR
AR R G MLHEE S OLAP £ i) 4 B A 2 /)
BE I 0 R AT S5 A A P A R A
4.2 EEEEREEENK

FAT W TR TmRR M EEREEES
AR 2R R B BT A ) F U e A % 2 B 7E NPO O
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L
&

oy K& Ay % 2 5 PRO(Radix 43 KXW A i) 1
PERE.

Al 6Ca) B SSB &l 4 4 /NI 4E 3R date,
supplier Y34 821 A L3230 . 0 GPU B (1) ] 2 i
P REMS (K F CPU, E 25 A & CPU (1) cache #l
il X F in-cache % 42 452 4F B A B 19 1F B8 5 A< 3L 58
¥4 E5-2699 v4 1§ LLC & 55 MB, 1 %} F SSB
BN A2 F K G NPO B33 r AR B S 520G 7
FH AP cache B0 Jm F 2L L NPO 5 6
T PRO B ikMfg: MM, i TR KM LLC,
SSB H i 46 X I 1 DY A ] it B ERVEAE CPU B
PERENS = T GPU. X F 1) i 3% B R0 & Y 1) o
K5I/NTF LLC B, CPU | i 1 & 7% 122 P e 8 % 1
T GPU. il 4n . 2 JH 58 B2 Ky int_8 Y 17 £ K 5| 0,
E5-2699 v4 CPU I [ & % # s # ik GPU (1) [n] &
FIIBIE R 55 M 47 (55 MB/1B).

1000

Odate @supplier
Bpart B customer

miZl=
Vector ]

Xeon E5-2699 @44threads NVIDIA K80
(a) SSB
1500
Dorders
" supplier
£ || part
% 1000 customer
E B PARTSUPP
£ 500}
B
0
Vector Join Vector Join
Xeon E5-2699 @44threads NVIDIA K80
(b) TPC-H
Bl 6 RG] SR LA

Bl 6(b)fig s T TPC-H 53kt fE . TPC-H
FHXS T SSB R4 4 4% Hh i R AH X AL KL 72 CPU SF
G BRE/NE supplier 41, PRO 5k 8 E £ F NPO
BE s M EEMERE B E LT NPO 5 PRO Bk,
Ti] 5 AR R SR 45 I [R) A 7 AR N A D 1) A8 5B L {H
FHXTF NPO 5 PRO B A58 A 845 P BE ;s GPU
I St 3 4 1 B TR B/ 1Y 2R GE $E b (A customer,
supplier,part) ik F CPU. {H 1 K K i# # o (PART-
SUPP, orders) ¢ K H [ it 28 51 U [A) i 43 SIMT #l
A 280 T ok 22 2 AR O i HE 5 N AE U7 ) SEE R L RH XS

T CPU -5 [n] i % 45 1% 68 32 1] 5 R 5 KN 1
SIS GPU - & E i) & & 5| L REXT ] i &R 5l
RANHURFE AR 36 2R R B o i PEBE.

Mg 2 7E CPU Al GPU SF & (1 1 RE I 3
ZERORE Y RGN CPU Ay LLC B, ) i 3%
f21E CPU EMPEREIL T GPU, i R 5 KT
LLC B, ] & & 78 GPU I ¥ etk + CPU; ]
R G RN T B A 2R A5 2 R 4 3R B
KAFIE, B & Z #% CPU LLC A& i K. CPU
£ B % SCHE T R [l i M BRI & 0% 4R AR GPU
T 638 G A B K ) B F 51X LAY ) R R
% B A B AL HERE LIS .GPU V-4 i ik H A
BRI R EE i T GPU b 4R #5304 A
Wit
4.3 ETFTHEZES OLAP EFiEE1ERE

BRI #E & OLAP i H ZEAERF, & 2 457
BT Ak B 1) LRl B AR . 5 0 ST 0 3 4R AR Pk BR AR AE AN
], BV 8 HE M e — O 1 O T i 4 3L R RE L O —
5 T 57 22 3% 7 2 1 e [a) 45 5 0 SR w52 . B
FRBIHE P75 38 >R FH I 7K 4R A B SOk bR 2 R 3%
PR P R R A5 R A L 3k B4 S BB %
FERPERERY H AR, A X F NPO 53k , PRO 594558 i
o3 DX i M R R R R A L B e i ek i L
T2 RE P T EE RS R HHET T —B
By o3 XERAE L DT 77 2R R B AR AR A« 52 ) 2 JE
BRI R VERE. ik — SRR B IE &R RE  FRAT]
BT SSBHEIEE S UAEELENE R EEMNR T
AN (] 3 4 S R AR SR N A B P 1 B % 4
TERE.

WE 7 fros, FATSE BT BT i % % NPO
M PRO Bk iy BB i #2580 1 Horp NPO Bk
Wi K £ Ab FRA K T PRO 55322 ) 75 0 2 i o 1 4%

Star-Join for SSB
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R HHATE T — D RZE W Radix 53 X0
AR mER G REIEEE R AT WNE 4 Frn i
)i R G| A i e 2 R E T R AL )
m R G| R T KOG RS MY R
B EER ML CPU F& & C++H1 GPU ¥ &
I cuda JF & AR S, A 3k T K i B
AL R R BRI SRR IR E
FH 1 2 K/NE ) i & 51, LLANEE B A B A7 1) 32 4K 1)
o 2 A R R B R A AL SR SR R T A
A PSS TR R 0 ) 25 SR ) AT B L 24 A i R
BEARE s 1)t 2R 5 | Y A P RE B 4 b 4R 1 A 5 5]
VT )03 4t ey B R 3 HE R AR PR RE. ) it i 4R R
Bl T CPU 5 GPU -G 1 BB &A%,
FESCI R AT B A R kRl 100,
TH B 2 PR 0 B % $ #2 VM R 1 52 . FR AT
RTREHEAFLEIEE Vector 5.0 Fil MonetDB
v11.25.15 EEIE#EEERE . K SQL f 48

SELECT COUNT (%)

FROM lineorder, date, part, supplier, customer

WHERE lo_orderdate=d_datekey

AND lo_suppkey=s_suppkey

AND lo_partkey=p_partkey

AND lo_custkey=c_custkey;

N7 Fie s i BOE % e 45 2R R B . PRO &
BB RTL TR e 25, — 7 I /& SSB %l 42 4 % 8%
/N AE LLC BER BB LT NPO ) in-cache #24F 1
B ARH A Hb, PRO PEREE 225 U5 — J7 T /2 PRO
SVEAE BV 3% 42 v B 7 AR 0 o 1) 25 2R 0 0 A AR AN A
i 1 NPO B8R FH 28y il K Ak 3 =L A4k
TiEEP RS Ry RN, BIE W& %7 CPU
il GPU _EARyMERE #2308 . GPU g i T CPU. 2 4k &
R R A AR A BE R e, CPU A X T
GPU H4f 1Y 43 3 H W F0 B 2l 95 S5 8 9 0 A 4
AREHMTF GPU B ] 4 3% #2558 1. MonetDB 5
Vector £ 4 FE 1) 2 I 3% # PERE MK IR T NPO £ P
AR KRB B LM RS NPO LK
FHIE.

=R A N AR R B NPO B ik
8 R B A IR S I A A N Y A R I Ay R K
AN T A R R IS Ay R IS A D
PR I A 10 si /NG TR 3R 52 1) 7 PR 326 95 3 i) iy
A RN A R BT IS Ay R EK PRO L
FEIFH AN Radix 53 XACUH . R 1 2 i 53 X 5K W%

ChOLAEREE § R ] 2-pass 73 X)) 5 2085 P A i
HRAEMFR Radix [HBEAT 70 X A% T 8L A
FETF 5 AR T N A7 8000 T 7 R B A B 9 A 2%
WAF R 2 0 HAE B WA & BB GPU,
Phi \FPGA 45 5E i #5 B& b BE98 A F1AY 1% e 4K
3 R A o B A AR Y 5000, MY T A
Ak PRI PCT-E Kiodls & 5 AC 6 5 1) B R 51 505 R
P A 1) Ak 5 5 R RCHE P v 2 iy 3 o 5 4R SR
SR (B 2 A (B S5 O A 1) B K 51 AN ) Y A 3D
L A Ta] 9 e 45 3R AR E 1] B R 51 P AF R (R B A I
IR AN B A BN AR R L TRTAL T A AR A e
R s g B B P AE 0 TSR L 7R R S R AT I
AN T 325 32 B B 1 e i) 32 42 45 SR B e = 1 = 5 5 )
RG] R R AR O d 2 A 2 R e
AR+ DT BB 8% 52 B B % 5 v W) 45 2RO 4 19 B
e AR o B s s A BIR Al 28 v Y 58 A A B A R
FATAE Phi Pp b 30 &5 38 S B R B2 p U A3 3 T
FIBIZE 1L - PRO B89 19 25 8] I 45 6 T AL RE S A7
T 50 VoA 2 A A7 Hik 1 Bl 4 - NPO W2 s 1] 4t i
S ESHIEIC T SN
FRATLAC SR M 19 N A5 2 Vector 5.0 S Xf
Z 3t SQL iy A AU 4k R 15 5 Ja M 5 4 A [m] o 1
SPHERE Gt SQL iy ¥ 2 48 Pk distinet A7 6
NI T T 3 R PR AR U ) iR G181 5 B
JE 1] i AR A SR T FRATI T 1) BB 1) b 3 4 B30 1%
0332 A ) A B Y B 4 PR I I L A 0L R0 %R b A
FEIE HE TR RE s FRATTHE Biods A vp AR AL 1) i SR AR 4R
LGN — DB FRA vector WH LA £ K 5], I
i3 update iy 4 B AP A I A IR R R A4 A
IR 1] R 5181 AR5 T SQL i 4 A ALL L T fa)
R HRETE R
FATLL SSB £ if) Q3.1 M i i ] SQL A48 1)

T 5k e S5 D[] 5k 2R AR Ab PG

SELECT c¢_nation, s_nation, d_year, sum(lo_revenue)

AS revenue

FROM customer, lincorderl, supplier, date

WHERE lo_custkey=c_custkey

AND lo_suppkey=s_suppkey

AND lo_orderdate=d_datekey

AND c_region=“ASIA’ and s_region— ‘ ASIA’

AND d_year™>=1992 and d_year<=1997

GROUP BY c_nation, s_nation, d_year

ORDER BY d_year asc, revenue desc;

PL customer 4E3 - 9 1] d2 WS #4551 54
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CREATE TABLE Dvect(groups char(30) . id integer
auto_increment) ;
CREATE TABLE dimvec(vec integer, id integer) ;
INSERT INTO vect(groups)
SELECT distinct ¢_nation
FROM customer
WHERE c_region= ‘ASIA’;
INSERT INTO dimvec
SELECT c_custkey, id
FROM vect, customer
WHERE c_region=‘ASIA’ AND groups=-c_nation;
Horp, Dvect ROp4ER &R 5| 7ML R A 3
K id s veet AL m R 51 A A ShHE K id 8
PEAE R R G 0B . 5% customer 4%
A ) RH OC T 1A X g3 20 8 AT B JF s i distinet
e RERCI 1040 LB A 2 T R (. 7 A S
Dvec fEN4E SR customer b (Y [0 5 28 51 5 3K 5 X
Ja ¥ customer F 5 [n] 5 R 5] F M FE Dvect #1714
$2 .44 customer & F2 5 FAH B (9 F B3R id 4 A ]
4 ] 5 R 51 & dimvec 1, B H% customer & 3

4 R I R AT LA 3 — &R 51 SQL iy A A5 8 H b
FERLFE T R ST 0 ) e AL 1) R T Y
B 5 5 R 4 0] DL o 0 A R — OO S R AR
HE— 2D 4 i ) B R Y PR RE.

FE I o R AR AL B B, FRATT 8 A 535 55 3R lineorder
HE TN B vector Bl i E 5] d# T update A4
Ph lo_partkey F FIE value 2K I8 15 25 1 48 E 1926 £
R IR A W 4L K/ L lo_partkey 514 B Fifi A1
Sy LAy 20 R 46 i 55 F 1n) i R 51 OLAP A il % ik
R LAtk R 51 5 vector g ik UE F 4 AL JE T 1 T AR
B AE.

UPDATE lineorder SET vector= (CASE WHEN lo_partkey<=
value THEN MOD(lo_partkey,150) ELSE —1 END);
SELECT vector, SUM (lo_revenue) AS revenue FROM lo
WHERE vector™=0 GROUP BY vector;

& 8 S SSB 13 A~25 i) i $447 Bf ] , Vector 5. 0
A TPC-H M B 5 4 1 P9 77 B0 o @ ) Ak
PRI BE N AE B E R g T iz R T A i Pk R AE
YR FE N AR 7 EA R IR

3.0
B Execution Time
2.5 MV ector Aggregation
O Vector Star-Join
20 B VectorMapping

CPU accelerated OLAP@V ector GP

ccelerated OLAP@Vector

K8 HT RS OLAP 1EfE

TE SSB B JE ] 1 3% 2 /0 3 Pk 58 I 3 v . OLAP
A A PRAT N R] ph = A 20 5L 400 A 7 Ak B AR N ) 2 i
M. ML 2E Wk F . Vector 5.0 7 SSB 19 13 4>
HEUEAT ) O Y PATI ] Ry 1 s, 17 2 T ) 5 R 510
AR K OLAP £ i - 2 $ A7 I 8]y 0. 44 s, P fE
PRI T L2 A8 WA PERESE THIE SR B . Q4. 1 1
REdE A B KA B 3. 1 A PR fe A /NI 2 Q2. 3,
T —7%. BMORE Bl A &R BGE R BB
[r] et 2 B A ) IR O, R 2 5 A 3 e R R A
(i) B 396453 23 g X 7 i S8 2R B 4 5 Y 3 e AR A A
D HL g B AR B i ORI QL.x, Q2. 2,
Q2. 3 I PEREHE FH AL 2006 22 A7, ML F 1) i & 5
) OLAP #rify b B =4 Br B rERESR A L 13 A ifg

5 TE 3% 42 4 A5 I () EL 9] ) SF- 25 (B R 55. 3% ]
R 33,400 [ i WL A 11. 200, J) ek e S A g
R AR SQL BL4U Jr X, 2 i AT B (] A T A
Ko 2 TF K ST 1 Dy BE AR B i 4tk — 2B R i X A
AL PR BE Y PR BE. OLAP # i) fh &2 B % 45 & AT
PR B o AR S AR SO F ) o R 51 Y R Y 7 2
AL AR BB 95 A AL H B = B OY HE B AR NI 2
OLAP 2 ifi 4b B i) 4 1Ak g

S ZER R T ) iR 51 1) OLAP # i 4k
PR BE W30 T Vector 5.0, H 3 20 2 2k T[]

@ TPC-H-Top Ten Performance Results-Non-Clustered Version 2
Results. http://www. tpc. org/tpch/results/tpch _ perf _
results. asp?resulttype=noncluster, 2017. 8. 3



8 FRAEFN S . — B L T 1 B 5 A N AF OLAD AL R % 5 0 #7450 A 1701

AT | ) T VR RR AL TR T e A R
PR, 763 T i R 5 B OLAP 2 i) 4b 2 3 72
e, A ] AR 5 | B () 5 A B A5 AR I 3 T 1)
i BT | 43 2 IR A TR0 P AT BRI P 4 4 A D
I A P A AT ER L IS A S L PERR O L HLEE T
0] R 51 1 F LR RGN Ui AT T KLl s ER
Vi ) B A AP RE L TR I B R OLAP PERERUS T
BRI LT

FE SSB 5 2 Hp L 4t 2 AR T BN, R 0 2 TR 1)
AR AR % O in-cache ] &7 ], 22 4% A4 B AR A
KH cache #XF T GPU () SIMT N 1£ 5 M) 475 4K B
AR OLAP # if) i % 1% 5 R AR R 20
ST PR BN /N B 3R T e AT I e R O AN W
SR ) AR 5] 45K 3 IG5 R 1 1) R 5] R
1135 84 . CPU 1 43 S B0 S & 3l 35 BUAIL il 4 X6
F GPU fy SIMT #L il 68 % o 45 #b & ¥ H 4 68t
. SSB 13 A I A i) LT 1) R R MR AE Intel
Xeon E5-2699 v4 22 # CPU I {4 ¥ ¥ 47 B i)
0.25s,fE NVIDIA Tesla K80 GPU _F #JF ¥ AT
ffE] S 0. 37 s, R BT CPU 7£ 43 3 Hii . & 51 5 1]
L7 TR I 1 P BE. NVIDIA Tesla K80 GPU £ i
THWA G210 oL Kl P A GPU #.0 $i47 A2
T ] S AR A B, SN EE B OF 2 43 B AE P A GPU a0
b P PATI ) 4 G R 0. 21 s, A A% 1 . Intel
Xeon E5-2699 v4 5 NVIDIA Tesla K80 GPU i #%
FAK Y, B K80 GPU | {1y B I 1) 5t i 422 8 1 1k
REBAAME L T Intel Xeon E5-2699 v4 AbFH 28,

ERERITE &, B S GPU s R 2 iy
F A AR ST A B R ) 0 B AR K
OLAP 2 if 4b # rp i+ A B R 1 BT % 345 A b
GONFE T R R R o R, AN
BN/ R G| AN A iR IS S GPU N AE T
R ST LA RO OLAP 25 3 o (3180 780 7 2%
M CPU 435 , 35 3] 3 5 {1 52 45 AT 4 141K ) OLAP
i) AE .

5 &RIE

PAARAZ Ak B85 S A3 B0 BE A i3k 45 1 e 1 R
A o = DI SO W VR LS IPNE S & D R A
OLAP 73 Hir b B 1) 8 14 2 Jn 32 5| 9. 24 iy X305 42
S A HOR B 9 E 0O i AR SE R CPU SF
B [ADHT T A AL B & - & 55 5% L b SC A 1R SRR £

375 A GE AR 126 A 160 A L0 o] A A [ B AR A £ T 7
ARAZAL BRAS b S AG EA  SCRL I T kR R 58
1 BRE 5 AR GEHE SR A AR T A fa Fl A KT B AL B A%
BE A T £ AR

ASCUIBEAF R R G H AR A IRER TIEA 1
AR PP AR GEHE SRR 2006 M 4 Jie A 7F o 3t 5 | 2 1
D7 AR SO AR B 1) i R T T B PR X
SRR A R AR B SRR R N 2 R
R AR DATRT BB ) B 25 A S B A R G | PR R
VR 4 - g 92 3R Z 1) 14 A1 2 I 58 B Ve 29 R R A
A o A2 VR AR ) iR G| 2 1) B ik D5 ) 3 o
IR T 1% 58 3% 3703k Bt AR $hoAr 3k
AU A L BT ) RG] [ Bk
7 B0 1) 2 L R 0 2 ) R RS ik 5 ) A B T
TER R ARAZ AL FLER b 2B, ) 5 R 51 A] UA R 2
TR Ak PG AEE O A SRIE E RE
LT H OLAP 2 i 4k 2 v 31 5348 B ok iy LB
AR AT I3 B R A 5 B O HLE o e R G 5k
BB P51 5 5 A ok 5 | 5 4 P R 3 5. FRATT e
I YRR TR T 1A AR T Y 1) e AR AR AR T
R GUE R AR R PR RE AL« JF 3 — 20 T i 40 52 6
B E 1 T 1) 2R G | A O A B A B AR
A AT R OLAP iy 4 B BE i g 4 A
SR W] Ll R Sk S AN T E A 1 SQL
Ak B RE A% S B A A7 B8 B Vector 5.0 B 562
(P RE 32 7T

FATHE AR A A Hofg ik — 2 R AN i) i
R BOAR TR 2 iy Ak 51 5 (Al % SE 9 £
WAL BEHE A, I 454 Xeon Phi, FPGA %5 Ak #% 4b ¥
PRI OLAP PERE R BT [ 38 LAY 1] 5 5%
FEICBUBOR , SEBUT 1) R O 5 4 Ak B AR 357 5 8
TR s PERE I AE OLAP TR HESE.
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whole query processing performance, how to accelerate join
performance with hardware-conscious designs remains hot
topic which involved rich researches as more and more
hardware are introduced for accelerate query processing
performance. Most of the researches limited in join performance
perspective to prove whether hardware-conscious join or
hardware-oblivious join to be better, while star join operation
is more important for data warehousing workloads with
The existed conclusions of join

multidimensional model.

performance cannot be directly used for star join research for
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the different materialization strategies of different join
implementations dominate the star join performance. In this
paper, we focus on star join algorithm design and performance
evaluation, the implementation techniques for heterogeneous
platforms with x86 architecture CPU and many core architecture
NVIDIA GPU. Moreover, we further research on how to
apply hardware accelerated star join operation into nowadays
in-memory databases. We also design experiments with
widely accepted benchmarks to evaluate star join performance
with different implementations and platforms. the simulation
experiment shows how to integrate hardware accelerated star

join implementation into databases.
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