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Parallel Data Cube Computation on Graphic Processing Units

ZHOU Guo-Liang"”'?*® CHEN Hong"”* LI Cui-Ping”"? WANG Shan"”'? ZHENG Tao"”"?
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Abstract In the fields of data warehousing and OL AP, data cube computation is a core problem,
and how to improve performance of cube computation is constant pursuit of academy and indus-
try, but most of cube algorithms are designed without considering modern processor architecture.
In recent years, processor has evolved from one core to multi-core or many-core such as multi-
core CPUs and GPU. To take full advantage of modern multi-core processors, this paper propo-
ses parallel data cube computation algorithm called GPU-Cubing. GPU-Cubing adopts bottom-up
and breadth-first partitioning order, and one cuboid is parallelism computed and output. Multiple
partitions are processed simultaneously and multi thread parallel executed in each partition.
GPU-Cubing is consistent with GPU architecture and high parallelism. GPU-Cubing achieves a
speedup over BUC up to an order of magnitude in full cube computation and at least 2 folds in ice-

berg cube computation in real dataset.
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line analytical processing

Wk H 41:2010-08-22. A PRS2 [ K4\ S =7 B BOR TS & TR T H K 42 (2008 AA01Z120) (HF #f imi 25 2 AL 1 1 2 B 5 WURL
FE4 T H B 42 (20090004110002) BE ). B E 5. 55, 1978 4 A, 8 L 0F 50 A= o 32 2 BF 50 J7 16 O & 087 B8 £ 1 B0 & 4 A OLAP 2R,
E-mail: zhouguoliang@ruc. edu. cn. B& 41,2, 1965 Az, Zf2 . P 4o A= S . 32 ZEAT 58 S0 85 1 RE T 55 A G 4 A% 83 M) 4% . E-mail .
chong@ruc. edu. en. ZEERF A, 1971 A, [ 4oL [ A SO0, T ZRF R GUR O AL 2 25 AR B S2 48, £ . &L 1944 R HR L AR
SO BT S o R TR M A R A KB R, 00, 1987 AR AL RS AR SRS O 1) S ik TR RE 1 A SO 42
i F1 OLAP.



10 4 Jil [l 2 4+ BT PRI Ak % B O AT O IR B 1789

1 5]

T

TEBE ML 49 #r 40 B (Online Analytical Process-
ing, OLAP) P HE 6 2 G5l 7 e H 3 2 — % 0
B R i u] £ w85 7 AR TH SRR AR T 2 R B Tl
LTz K BRI, MR 4 BI Survey 4,
JH P 48 B 2 AR SR S OLAP B4 PERE v . T BL1%
GBI A PEATAif 10 2 B AT — i I &AM 1 D sk s
FE 25 BRI T A8 1 T b A 2 v, DR 3 B4R RS AL
BV 1) T BIL o T 0T S I SO 2 AT S I RO R 3
Br. — 282z 5 3R W T SR G R 1 B A& (real-time
data warehouse) , SERf B4 O FE X IR HF IR T
T 2K

OLAP J& %48 %5 4 At 530 % A2 7 0 T %) K
O RO S8 S B R — IR R A AR
(9 A SCHR 5 ]38 o 3 AL 3 580 0 ¢ i 6 i 3R 4R 1)
S AR B S L 1 O AN BB W PR W
(s K. SCERC6-7 ] ] PC Cluster B{IFAT4L, 42
TR R B S S IR AT HLEL
Cluster 3% i By 5t H B & 9 50800 s & 348 0 1A
ME. SCHERLS 13 T AL CPU (R R 2544 . 42 1 T % A7
ORI 5 RS IR T B I 1 L H CPU AR
) S8 AT RE T . 5 SE B A B BOR AR IR K 22
B SCBLSERT TR AR % A B T RE O A O R — AN
S I B RE R ) R RE L 3 R R B RR L O S
PRSI E O R R AT 2 1 2R AR S R A

ARk, Ab AR R R A R R AR TR AR L Bl
— B0 KRR Z AR L T EHAZ O B R
PSR A B LR E A 2 E
CPUs 1 ® & 4t ¥ 4§ GPU ( Graphic Processing
Units). SR H K 2 807 58 1201 CF 2% B4 71
W Z 4. CPU 5 GPU Lk, CPU fE gy — Ff
TR KR A A e T T A B A &
TR R 20 S =8 IR 58, 3 — P g
THERER . T GPU B 10 £ T CPU 14 98
FATFERE ) I LARRAE 2. 8 A i B GG AR SCER
THT GPU MIFAT 5 RS k.

T GPU [ B 4 ¢ AE A7 A 3T 580 00 45 0, AR
SCEEH T T GPU 93847 5 (5335 GPU-Cubing.
SRV T i R BSCHRE g 40) B A i R A R 9D N AE
I/O. 3/ T Cache FIHR. B RH A K M AT
FEAR S0 43 X AR BE o B R 1) b AT DA T 59 B 5 % ik
AR TR IR AR A XA A5 5 s T B AR SE AR IR
R IFAT I —A cuboid 55 I FF 4 243 X

20 AL B, 43 XN 2 28 B IR A7, 38 2 77 R 19 52 56 4y
M GPU-Cubing B A1 L AZ G0 7 R B L3015 T
— A ECE G I H.

ARTCHS 2 A B SR O AR 58 3 e st
T GPU 347 #: 1€ & X . GPU-Cubing 8.7 K& W
FERFIE s 565 4 1P 5k op 2 2R U LA 42 R &
TR YR 5 5 W 4 W R Y ST 5 UE A o A s I
Je X4 SO N A R T B4

2 MHxXIE

2.1 HFHUHEEE

2508 — LG n A GE & ) Fom A FE Y O
AR(A LA, A M M, M) L 5 R332
8 2" 4~ Group bys. & 4~ Group by ¥ b — 4~
cuboid s 83,5 n NYEM cuboid FR-N base cuboid . UH-
PT84 cuboid $8 58 T &8, FL A count (%) =
100, XA J5 ARk A vk 1L J5 1A (Teeberg Cube). H
AR T AR 2 5 RS AR b 46 Multi-
way' . BUCH! | Star-Cubing™ . MM-Cubing™! HI
CC-Cubing™ 4.

BUC %k 02 Fi i B8l 58 ot 3 05 (R i A 30U
BRI B 18] b 88 2 DX SRS [] i ) B A 45
(RS &

CC-Cubing J& H A B 19 7 (R R Bk Bk
Feor M A CPU #  4FR7 1E . 32 5 Cache F H]
FRUAYW BUC R T 4. 1 A5k Lo, (B35 2%
WA 2 JE AL FAS 1) 2 B FRAE.

g TR RCR IR TR RS T
Z U, SCHRL6 J42 T — R 5 3k T PC Cluster
M7 R BE A S LS AR 7R Cluster B3R
AR AZ O T 80 2 B R B A7 o ORIE A s [R) 20 A 3C
BRL7 40 T 3& & IR AT HLY Pop S35, A H
TH0 1] A3 K AR B IS [ b A B AR R 4 &
LACE. Toie J& PC Cluster 5% 3E 17 0L 1K R 45 4
1 GPU #A fRK M AR 6. GPU %k b & 3L 2 Py ff
zEM, IF H B8 A 4k B 2% 40 (Multiprocessor, MP) EH
A 5Py 4L = N £F (Shared Memory, SM) , 4b 3 8%
Z2 1) S A5 AN s 308 3 T JE % 328 L A T 2 3 2o A ) J2 TR
LA A A
2.2 EmiEzs GPU

AR, GPU & #4k o — Aol ] BE &b 3 28
(General Processing GPU, GPGPU), 3 7£ 4% 1~ 4l
B35 T 7z . GPU i1 £4 SIMD(Single In-
struction Multiple Data) i) MP 4 ji%. [&] — i %,
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MP 1 AT — &b 35 2% B0 AT A8 [F] B9 45 2, (H R AN TR
RIEHE. GPU #1H K& &1 277 (Global Memory,
GM) , H A o5 2 &4 98 Vi I 23R . 55 A, B> b 3
A — 0 RN SML Bk T MP Ak g 2R,
S NURAE B A R /IMEL T [ R . @ 4R S Y GPU
RREEIE 1 s,

GPU

A —
........................ e W
| P |

K1 GPUKREH

2006 4F, NVIDIA /A & # ) 7 Compute Uni-
fied Device Architecture (CUDA) % FE 58, WF 58 A
mfE A C i 5 T DL 58 il GPU #2711 JF K.
CUDA £f2 5 CPU LLFEAH L, By T 45 5K B 1Y
SRR AR AT AR AR AR 5340, 5 CPU i
it 29 Cache G2 A7 55 WD Vi FAARMN AN [R] . GPU 1]
DA i R 22 AR AR O K RGO A7 A8 35 . CUDA 2 fe
K43 J A2 Bk (Thread Block, TB) , &4~ TB H
—/~ MP $117. CUDA /)% 43 A1 CPU L #4719
host F17E GPU #4719 kernel B 4.

GPU Hik i T R 2 KA AR m L SRR
AEXTPERE 2 AR O H T SR s AL F R = 246
PI'F 3 5 :B6A 1A (coalesced access) | f# FH 35
WDV AEACAT Ll Bank #h2E.

AR il GPU i B dls ab 3RS 77z
Kk, Join &8 RO BAEZ —, — 22 B L
THT GPU 1y Join 835, K15 T 2~7 f5 19 m #
FEL FEB LA TR T R T GPU R B A A
Z4: GDB, 18 7 GDB i 4C #1100 5 4 42 4
SRR T K B #E AT A L dE i GPU
T3 B0 2 Ak AR A T B i L. DBSCAN
ER— R e i RS E, G148 s 7 & T
GPU () CUDA-DClust 5 3% , 5333 2 2 A~ % FE 4%
HATHAT BEN Z L RIFAT IR RS R Z B B
AT T AR AN L 5 () B A 4 0 A A A A i 1
Apriori f1 FP-growth HL 345 7 %85 &5 % i bp 2.

3 GPU-Cubing &%

3.1 HEXEX

N T 7 B RS 5 SCERL9-10 JARRL . FRATT i

FoE L— RN AT AR X 4 AE 58 40 A GPU
FRAE S T 2B IAT AT, 2 RAEE LInF.
EX 1. Wl (map). B — e 72, ff
FH e 4 ek B Ak B A AT R L JF B A B th B b B
AALH AR -
Oli] = fun(I[i]) (D
Forpr T AT OLi 53 ) 2 s A Ay 3 52 - fun 2 ke
S5 pRER
GPU &/~ TB Ab 5 A S 4y — B, 1 4k
PR 5T B v B — S IR 1 e 4.
EX 2. HHi(scan). AR —FfEFH1T R L
Bt R I ERAE 1l e e X F.
WiAT: Lao.aysas ],
it O: Laysac@ay sa,@a,Pay s+ 1.
Ho@ AL e /BT, e + 2%, 78 GPU-Cu-
bing . fifi F§ T TS A, AR CUDPPY
1) 52 B
B A3 il o0 S WA B B S — B B
logy [ TI/N9R | T] R A RN RS (0=
i=log, [T AR j i T X2 JM TLG+1) X
2V I FB Ay AL AR 0 — 1 WIS B 2 DB Bod 2
logy [TI A 9R I EEE 1 A B Bo™ 2B 9 45 58y i
AT B n— 1 YO n—1 WS By BOAR I
1 58 .
ENX 3. KR (scatter and gather) 435
XF L ER 1 MR G BERAE. B A E LT,
OLP[i]] = 1[{] (2)
B AR TEs  DooR 1L 5 AR il
A OMmPLRLE.
Oli]=1[P[i]] (3)
e dm ABCH R P L0780 3 138 A B it £k
I i MLE.
K im Ay A BB TB fisg — 1B
BRI 5T — D IT R B R UL,

EX 4. 2 (reduce). 241 & M — A% A KL
Hrpt S — A R ST Group by, iR WNF.
(O[] ke [1om ]y = (O Il kE[1,m],

P[1]=0,P[m+1]=n—1} 4)
Hrh O FIR MR A A sum max 4. P[k]FIR
I3 A AN B G R om B RS B BOHE S — A
SR LFE AN B R A E. B R IR
CLASR AR B
Kernel. Reduce (I,P)

Inputs:
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I: input array

P[0, ,m]: quantile array
Globals:

bid: index of TB(0,++,m—1)

tid ; index of thread in TB(0,-+,| TB| —1)

| TB| : thread number in TB
Output:

O[0,++ym—1]: output array
begin

1. int of fset=1, mask=1; int_shared S[|TB|];
. S[tid]=0;
.for i=P[bid]; i <P[bid+1];i+=|TB| do
Sltd]+=1I[i];
. end for
. _syncthreads(); //[] 215 7]
. while Coffset<| TB|)
AL ((tid & mask)==0)
Sltid]+=S[tid+offset];
. end if
. offset +=offset ;

12. mask=ooffset +mask;

13. _syncthreads() ;

14. end while

15. O[bid]=S[0];

End

1~5 fr 44> TB ¥ A 2 7 5 i Bt 2 3] SM
L F ] SML 32 T Cache (A HiPE. 55 6 17 2 [F)
AR RIERS TB R R FE AR A 2 157 K
P ZhmE T SM . 7~ 14 7 58 R IR R A AR A
TB 55 SM H g [ SM|ADIE R . i AT log, | SM|
W AESR © (0=i=log, [SM ). &He j i3 H 5>
A4 S [ < 2] SLG+ 1D X 2i]. 4 TB it
Bk A R R A — oo R, 15 A7 3R U 4 R

EX 5. HFF (Soro). HEFF &K — 241 T 15k
2 T B R e HE I — 2 R B R = e A B
I 5 A O 2 -

OlLi]< O[], i<j 3

ek B . F A E R TR R AR =,

W OLi]=0L[j]. GPU-Cubing F % [ 2 40T /7
k.

FHHE 7 (radix sorv). FEBCHE 7 2 H g HE
Frfuk kR R R O, R T
CUDPPM/,

et AR R 5r 24 B B4 TBAE SMh
XFHEBCHEAT b 1 253 B A TBORE 2" A1 E s
MHETF GBS A GM; % p X 2" i $ds wif 28 F 49
Tl BRI R i A s R E BEAS TB 50050 45 A BUEUE

© o N o al = w [\

—_ =
— O

S B IE B A B R AR R R  E AT d/6 K.
Horp d R4 u R 5 A8 0 2R B Uik B
HIREL p Fom TB AL

W IEHEF (bitonic sort). X IEHEF & —Fh 5 %k
P IR IR J5 i i A S 2% B2 O O(nlog® n) » 24 5T
REABEL I BORAE R

MIHEFF A log, [ TIABrBe.BrBej A j A4
BRAED IR A — A KON 20 BB R AL 24T
RABC R AE SM 58 8 T A D

Vit 4ER.
EX 6. Ik ilter), FIEEMN—HILE P ik

HUBE B I — 8 AP OC R iR IR
{Oli),i € [1,m]} = {I[i] | funU[i] =1,
i€ [1lnltem<n (6)

P AKCE T rpoih /2 2% 18 1 00 3R A7 i 3 o Al
O .

Xof i AR B T R N AR A
T H5E Tl A AL U A P 6 IO 7 L DN O (e G 4
VED 5 X0 A7 AH S I 28 R4 41 5 A FBOHR A o o i A B 2 %)
N R 107 B R A S A3 A i 2R A4
i & . 76 GPU-Cubing %1% v, il i 28 U8 #2 4F 4K
SBUH J dre /N SCHRR BE 1 A IX
3.2 EEZH

GPU-Cubing R M B K 1M _F 7 B AL 5 19 J7 X
SERT AL ESER A BT R 4 OF A R
cuboid A iy Wy ¥ H T R /D SCRREERY A 43
X % B @ PE#EAT R4 13 8] cuboid ABsARIR ZEHE
HEFITA M cuboid 4 PR5E K. ik GPU L5 g
FE5 R3NP

(D) Y772 73 XL 5 K # A4~ GPU 5%
BN 43 DX A 43 IR THE Y AT cuboid s

(2) [ X LB nf, 54 TB A0 X

(3) B4 K /NIEH Z 0, A4 4R b 3 — A
g3 IX.

BRI E 2 R,

ABC (3)alblcl(3) (4)alblc2(3) (6)alblc2(3)

AB (2)albl1(2) (5)alb2(2) (9)a2bl(2) (.)a2b2(2)

A (1) al(l)
[ 2 GPU-Cubing 5%k i A= BUH

[ 4% = b 1 507 6 8 BUC B vk /Y 40 B 2
M 245 5 th (1 505 %6 78 GPU-Cubing 4b B 1% JIF J5.
BUC Fk g5 Ry 5 A )y 02 R B G . A i 45 1
J& TANF cuboid , 5 B KW N AF- 25 [ AR A7 BT A

(8)a2(1)
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M) cuboid , [A|B} cache 53 [8] 2 #b P (spatial locality)
2. Tif GPU-Cubing 498 1 f % 1 77 2% i i 25 5.
— KA TR —AS cuboid , 45 57 Hiy . GPU-Cubing
R EBLY IR

GPU-Cubing (dim. data)

Inputs:

Gl

dim: beginning dimension

data: input data

obals:

D: number of dimensions 0++D—1

minsup: minimum support

counter{ pos,count)[ D][ ]: partition information
counter [ 0][0].pos=0; counter 0][0].count=T
counter [ 0].size() =1(T: number of tuples)

| TB|: thread number in TB

bid: index of TB

tid: index of thread in TB(0,---, |TB|—1)

bit[ T], prefix[ T]

Output:
Cube or Iceberg Cube
Begin
1. for d=dim; d<<D; d++ do
2. | TB| =counter[d].count();
3 for each TB parallel do
4 int pos=counter [ d][ bid|tid].pos;
5 int count=counter|[ d [ bid|tid].count;
6. partitions= partition(d ,data[ pos, pos=+ count]) ;
7 end for
8 counter[ d+1]= filter( partitions, minsup) ; / /filter
9. sort (counter[d+17]);
10.  cuboid= getcuboid (counter [d+11]); //gather
11.  copyCuboid ToC pu(cuboid) ;
12.  GPU-Cubing(dim—+1,data) ;
13. end for
End
kernel partition(dim,data)
Begin
14. sort (data) ;
15. bit[0]=1;
16. if (datal[dim][tid]==data[dim][ tid+1])
17.  bit[tid+1]=0;
18. else
19, bit[tid+1]=1;
20. end if
21. prefix= prefizsum(bit) ;
22. position[ 0]=0;
23.14f (prefix[tid+1]1<prefix[tid])
24 counter[ position[ prefix[tid]]].pos=tid+1;
25. end if
26. counter[ tid].count= position [ tid+1]— position[ tid |;

End

BE R HOHE B 5 BAOph AE il AR GML AR UCAL B 41
HEFF R 1Y cuboid. 55 2 47 AL T Ak B 43 X 18 A B
& TB.3~T7 f18A TB AL B —A~ 43 X 55 8 4718
i UEERAEAS 20 2 minsup B9 DXL 55 9 470 AR
ERAEXS R U8 5 0BG HE Y L 5 10 A0 11 AT AR AR O
AR AR U A 5 IR AL [0 CPUL 55 12 4735 5 &b 3
DI MEBT cuboid FF3L T — cuboid.

SR AL LA ) DCHRAE AR HR 1 A0 343 DX R/
S X ERVER] DL 4 GPU L TB 8f— DL K. —
A TB AL BE—> 73 DY 52 Bl B2 AN 1 3 F s

T et owmA o HEGE
T 0] Ny O-P‘ A= N
[12] [0 =] 0] 1>
o] [ Eiq
12 3 [P 1 ERag
0] HEoEsr] 4
3] Teeed] o
15 12| PEP 0 6>
8] [ ™
1]  [EPe

K3 oy X PAT i

TSR RSB HE R (14 47) 5 4R 5 A HE R IS %K
it 1 FH e S A L A5 B — A A B (15 ~20 7)) 5 38
Tk A7 A S VT 28R A A DA T A 2 4 X e S [ (B 1Y
ANBORIALE (21 17D SR J5 o & JCRIC 4 54 15
FIAS [RI M 1 FF 4G 7 B (22~ 25 £5) s SR &3k count s
D) AR A B (26 47D SRR H B R AR L
sum, W R 24 i 454 o A5 454 X 0047 58 i, S5 3
T TB WIHAT s [ 2400 ORI 3AT . 2 8 T TB
[{] 3£47. GPU-Cubing S48 W T GPU I 47 R,
PRAIE T 515 1 =t e

AT 5 — S ] ok 3 W] GPU-Cubing
BT R A wA TB(T, . T B4 TB
B 2ARFE(T, T B Ty Th). 8 /N S0 45
2 W = EvKL T Rt AR A 4 FrR. AE B ER(0)
JIi A AT A JE P R4, 15 B cuboid A
BECOALE A MR LR L B M R4
138 cuboid AB X B A TB A — 443 X s 7228
Bt CIgEst a4 h T XMRZ, H
B3 AR /N X I B AS R 15— A3 X R 47
133 cuboid ABC. SR G AR AL BE B.BC F1 C. JA i 58
BEEA T T

GPU-Cubing 1% Fl 2 J& P Hi 7y 58 1« 53 1l
it — A ALE R SO R HER S AL E AR S A
4 0 F AR 4l A7 B B8 Bl X LT % Ping-pong
AR i LATT SPGB 9 A7 s ). Jd ot 22 )& VA Y
PRUE T BT — A @t Z LB A EA Vi, [
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1 e YA =] rl
FgeE A Ry i
7 A B C I -
> s aslsl 6 >0 g
> 9 [ 10 [ 6] > 5]10] rg
10,
7 5 |10 [ 6 | 56
"> 1] 2 | 6| 9|2
3 |4 6 [5]s6
9 |10 i#o 4
5 6 E 2
9 2 [ 8] 4
5 6 8] 10
13 [ 8] 3
(0) (D

o
_>\;,H\7
P

:
\

— — —
O%%WNONOGQ

Olw|w|—|—|o|o|u|u
—~

(o] [ee] [o'e] [o'e] [o'c] [=2] [or) [o2) [op) op)
w |olw|w ||~ |l |u|c |

2)

—~
)

[ 4 GPU-Cubing $47 1T 2

I 3 3ok 22 @ P R R S AT RO ST — cuboid.
3.3 AFEEX

X EZPH N ATTH. BHIUHEE DA
Ye AR SR C(0<<i<<D—1). W& iy
) B8 2548 counter [ 135 JE 40T B3R

EIE 1. GPU-Cubing &L i5as counter|i]

Wi A AE | counter [i] | <min ([ CoN) L3 $o 8
iR KITEAECH N.

. TR R DX, [counter 0] =1.
XPEPE A R I3JE B RN R | counter [1]] =
Co s |counter [1]| <N, T LA F | counter[1]| <min(C, ,
NOARBEA | counter (1] =n A>3 X, B4 73 X 1)

TEEMNEH P IR D) IPIL<N.2=<Cy;
i=1

Xt g M B X535 X BEAS 3 X P A B T RS T R
|counter[ 2], | <min(C,, | P |;), W] | counter [2] | =

Dcounter[27,1 <> min(Cy+ | P|) | <min(C, X
i=1 i=1

Co s N AR W50 2% KN A2 | counter [ 1] <
HEBRFEINTCRFESNFW.BERED
AT AL AT R 1AL fEHE ) R
ff 7 BB e R HE 7 5 B4 e R S AL
B RET ZEAEC R R R N TR 4
M. Z @ YEHEY . Ping-pong #:/E 7 2 —FIE K
M B2 (6], GPU-Cubing & 3k B e K NTE TSR A
NUXD+8+1/8) + Emin(ﬁa JN )X

i=0

(16 +4+1/8) + N X4 (7

73 5h s HUE GM Al DUAF i — 3] 53 6 T LA IE

WIB AT B A B8 I L T LR AT SCRRCL5 )

FETRERE NAF W GPU = G0 K R i 530k 58 i 4 3
UBUpI

3.4 HESHMINH

4 )y F A 1 A Bk CPU B8 1 P BB 52 i) 4
KX S5 BE e 18 2 T 1T I, AT DA S R PR 5
T B 1 TR AR s Bl S BON K R ROR 2R
T KE. {5 GPU-Cubing 58 1 X 48 )5 F1 > $0O0F A
JE DY R AR G M RE S R KL B GPU T L[] B
A B R S 11 4 DX T L DX 22 IR 7 3 g T A
A S BN A R B i KR A B 3 5 R
SRTT DUl /D — 655 B, (H 0 3403k 1 KB AT ROR
Wi A K. 534k GPU-Cubing 5535 5% F— Fi 2 )2 34 i
7 AR AL BB AN cuboid B A 1 4 w] DL A
I TET A9 0 DX 25 . S 5 R gk 1 Rk s iR,

EIE 2. BfEYE B K GPU-Cubing BT i
WAL PERE .

iE#. GPU-Cubing 875 2 [l & E R B
V] B 4 4 A B R 5E R — > cuboid TTE I K L BT
DASRE 5 T 75 A 3 By B el 540 o v 5 el 2
B8 4O K e R K.

4 BERUBEARET R

4.1 HBREHFEE

#£ GPU-Cubing 535, B4 il 43 38 1o HE 7 55
2256 B 3 B 32 B AR R RO HEE . Y 4 X
AL R 2 TR IR B s A
A TB A — A4 X BF i T TB N2 wl LA
[ 25 B 12 R FOBU HE I

VLA R T CHE ¥ (counting sort) , A R
THECHE P rh B e R T 4 . S I RE s )
SMHECHEIY 2 S counter BB AR 1L K.
4.2 TB N&RBHEHSHE

ML AR B TB A — N XE 8T
& 1 HE Y RN OR S8 RN R0 B SR RHE N GML B #]
SM., 8K J5 78 SM v 5¢ BCHE e 7RI 268 R0 AL 2. HE 7 A
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Cube computation is a core and time consuming problem
in OLAP fields and significantly affects the performance of
OLAP. Many algorithms and technologies are proposed for
cube computation, but there is still a large gap between user
requirements based on BI Survey. In recent years, computer
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many-core processors. Using the features of new generation
hardware to improve the performance of algorithms and de-
sign new algorithms are the focus of research. GPU-based
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But there are few works considering cube computation utili-
zing GPU.

In this paper a GPU based parallel cube computation
(GPU-Cubing) is proposed. GPU-Cubing achieves a speed-
up over BUC up to an order of magnitude in full cube compu-
tation and at least 2 folds in iceberg cube computation in real
dataset. To the best of our knowledge, this technology is
given firstly. The work is supported by the National High-
Tech Research and Development Plan of China under Grant
No. 2008 AA01Z120 and Ph. D. Programs Foundation of Min-
istry of Education of China under grant No. 20090004110002.
The target of research group is to establish a GPU based
OLAP system which significantly improve performance of
OLAP system and support complex applications such as

what-if analysis function.



