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Improving the Performance of Document Similarity by
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ABSTRACT

In the information retrieval systems like vector model implementation and document clustening, document similarity caleulation takes a
great part on the overall performance of the system. In this paper, GPU parallelism has been explored to enhance the processing speed of
document similarity caleulation in a CUDA framework. The proposed method increased the similarity caleulation speed almost 15 times
better compared to the typical CPU-based framework. It is 52 and 34 times better than the methods by using CUBLAS and Thrust,

respectively.

Keywords : GPU Parallelism, Document Similarity, Document Clustering, CUDA Library

.M 8

A AMelA A EAs Aga] slael fabe
Aol o)d] Aol(query)st FAETE e o AR
wE] ®dg ARG ECHI] FAHE 7414— WE] mulityh o}
Ugt 84 25 9 B4 Ze2€d § ogd AR A
&8 FoklA §lel9 )?H FAe FAEE vlaskzdl v
S Zad Age gk 53, B4 FezHY ALHS ¥
A 4 nell o) t"ﬂ wr’\lu: AXS 93l On2) Axtol
443 1"" gEo] $ALE AN £E7F AT F & 9
& " AA "k ‘%!49] 24 digk diel ZARD AR

% o] =it yigist anfelpuli A1 o falyl gl
+ 2 3 ol:uioieba are et YAt
oA o8 gloaulshal A5 Haé}" Wt
4 3] gl silolsbal 2E ekt wl
g0 28 7Y
-‘r‘- A ol 114 20124 4491 6%
Mapebi 20124l 49 7Y
. (,mm[x)ndmg Author : Seung -Shik Kanglsskang@ kookmin.ac.kr)

F Ae) #A e g #4as ol
zn&ow B4 A7t BolbdaE o
s i)

(cosine similarity)+=
M} 01 A]. o R )\!,tl,_‘____

el sisHOR

t
d,-d Tk=1Wii X Wy;

B STt x 5w

sim(d;, d;) =

NVIDIAL: strgjde] 7hsd s =g A &}ol
CUDA(Compute Unified Device f\rt.himuurclﬂli |
a8 2osded olyE AL wu i 1 e 7h Al
e ei23]. old 7o el °44° G b
o @ 7Hsg Roklld CUDAE o %OP‘ E e
71Wo] Afurs i °'L'r[4ab?H],

GPUSl ALU%= CPUS| %78k ALUo| wja| thegh At

ol & fort ATE WA Uil o, HHs pe
e Glato] whaEt Wy 37 wde) FAE Adl 4



244 ZEMCIFEI=EX B HI19-BR F4z=(2012. 8)

gratch GPUHE AMEst7] Sl NVIDIAS] GPU ZRzid
A 8742 CUDAE o] &3t WE dits 4a)slata) g
t}. NVIDIA GPU%= th=9] ¢d4b sie]sio] SM(Streaming
Multiprocessor)e]  $HIE  AFF2E 7H4 a0 glew,
CUDA Z#gjglze] #dM%E 7y ?‘!’&‘l gashs &
dEde B8 g2 AS2E 7R AcH9,10,11]

£ oEEd fARE A FRE jAE] §lEl Ccpu
(Central Processing Unit) th4lel GPU(Graphic Processing
Uni)g AHg38ke] &4 AL A4He HEZ dibshs W
We Agkstaal g}, GPU TR %54 NVIDIAS)
CUDA =zl §74& AHgshsic

2. CUDAE 0|88t wAE A4t =233 Y

CUDA ZazegoA shute] meje=i= 44 GPU tint
ojzdA FiE AL ouidr shte] aE e
oAe] e 2= ?-.':-‘:'0] A 7 s 85 gl
2 egol EARG dhte] 2= 85 o EA4Y 5
Qi 2dE Axs A dew Ho 512?H°l AYER
TAE F A B5 okl B 2dEE el §7
871 wasy Mz L’r w5719 M{If-h—‘?- 71874
BASA Zne gila 22 olde] il 4¥FE vA
= glitbel tistol %"4 oo T8 3¢ 2=
e HHI &5 ke 2UnE7| e WAE st A
711'5} 227t A9l

2 eidAe WE $0 249 fAHE A4S NVIDIA
(,PUQI WE 879 CUDAE #83fo] Laaegsle] 94y
Hejol diate] shite] 5T Hd) 512709 S FYstE
% AA R rEstuat gk CUDA =219 2lste] 2
4e 2 BEEE UEZRAME T sy, s
& 2YE ZZANZ GPU AdelA 2gat ot

A dolgel hste] M ASFE dEhdls BE o0, o
of M4E ekl A& molek &k nxm A7) A

ﬁ[‘:

l-'.l

512 tt'}read

WE 7L qjeloR Hoigks o, ndA A E d, ji= 1~n-l
& vehliy, #A dst dizkel fAHE sim(d, d) d4bel df
ste] 27] mell disl WHEALE st AHE Folw WY
o CUDA Zzoag|ds A 2 +dsigdct

Fig. 1 waxe|s 93 149 agumeh S8 ojs
2y =y ool F4E veyl CUDA F4& AlAelth v
oF m=10000 ek £ AF+ [1000/512] = 2 7} fick,
208 EFelAM 7 EEFE FAl 4 53 b3 Ho 2=
AN 5127 2HER ARG 2 13 e 4 EF
ote] AP EEe nfe FAE 7}*1”4. 149430 Fae
blockldx.x # blockDimx + threadldx # & 4 glth
blockldx.xi= £%2°] 24, blockDim.xi= & Fﬁ oko] A=
AN, threadldxt= £5 QbollAlo] 2¥= F4E vhepidt

o] g elo|t] FAE 74A 5l mile t-]|0]l:'] 7} sk
ez 48 798 5 AEF dof i} shte] 2us
2 0o (m-1gk & Z+2k sy 2e = ofolr] FAE 7}
Ai glov o] 2= FAE o83t vectorln)m-1]9)
Holg F4& Aete] ¥d ¥4 A4 %5 CUDA
g ‘_[3“!71 5‘].%‘4

A dish dizte] AR AR AR wlE o] WA it ¥
B 271& Fehs e AioR offFoiich Fig. 1604 Al
Agh (2= olelt] F40)E AEste] 1209 idx EE &
ZHA L 2a451E91 1 wlE o] digk Ul A2 Fig. 29} o]
Azdeh ji= FA dgk 84 AdE EA doll dig 3%
Uehl 22 jxm @A EA4e] 3 WA AF F4E e
dick, o] F4o idx(0~m-1)E tlgte] 7zt m7lel dlo]Ee)
thate] shele] WA @dabe s}

slE o] A7) Aitie WEH ¥ ofislx 2 o e
Fa AAR Al AE agsi WS A g 2
7] ¢i4tel #wb 5 _syncthreads() % &8,
oli= Wi UF dito] ZFaE Fo WE ] A4E A%
at7] 918 Zloluf vpEzbA 2 W 279 Adike] Hub
gl elabe 517] 9lsle] __syncthreads() 348 &89
ch o] ey 5 Qe 2uU=E7E F7IsHE AAE

512 t}'lread

blockldx.x * 512 + threadld«.x
=0 %5120
=0

blockld«.x * 512 + threadldx.x
=1'512+0
=512

idx = blockldx.x * blockDim.x + threadldx.x

02l ). HEH2|Z2 QI8 J2|=et 2 gojote
Fig. 1. Grid block layout for parallel processing
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Fig. 2. Multiplication operation for vector similarity in GPU
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Fig. 3. Add operation in GPU programming
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Fig. 4. Add operation by using 512 threads/block
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Table 1. Experiment environment

CpPU Q18 310§i3-530 : ¥ ate], 293GHz

Device © Tesla C2050
GPU Number of multiprocessors @ 14
Number of cores : 448
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Table 2. Input data specification

10= 1000, 202000, 30=3000, 40x4000, 50x5000,

; 60=6000, 70=7000, 808000, 90x9000, 100x10000,
W] 20020000, 300=30000 , 40040000, 500=50000,
10002100000
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_and_d_inner += h_arr_ip[(j*m) + (b*512)];
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}

sim[j] = _and_d_inner / (sqrt(_sum_of_squares) *
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}
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Fig. 6. Vector similarity by GPU+PR
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Table 3. Performance evaluation

Document CpPu GPU_CS | GPU_TR | GPU_PR
Vector size (msec) (mscc) (msec) {msee)
101000 0.176 5725 2.160 0.173
505000 4309 29231 16.557 0.844
10010000 17.606 59.769 29573 1.802
50050000 442.171 303.000 174.137 32910
1000100000 1766511 622.167 401.992 118.664
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g e Ao g2 WEl 10001000000 kel CPU #
2 &S JFEeR §98 W, GPUCSE 284, GPU_TRS
438, GPU_PR2 15M12 CUDAE o] &3t W] 71&9
gholHeje) & AMEE Zg-uch dwrHoR FH A &3
7h A heps

4.8 B

A FARee] A £5E d4A717] $lske] NVIDIA
Akl GPU =213 Ak 379 CUDAE ol fah= WS
dotstolct 48 AR, 4% CPU 879 At #He
WAt CUDA 7 #7dolM FHAS of Hol 15v)9
A ARz ddeh =g 7|Ee gle|Mey
CUBLASS} Thrust® AME§ wefsl wagle  woln
CUDA o] 8ahi= whol 2l ztz} 524, 344 498
gRlstelct. ®=4k CUBLASS Thrust gholMeeld ApEE
iz o]y ME 277 dA FFEOR Aok CPU 4k
wEA xe)shi= dhde] CUDAY: ¢l 2v|¢h FabalAl &
4 CPU skt @g&ol o F7 vhepsteh duis o}
= U84 dolgE v 490} wonR CPU 94t
Alol GPUE ol &8l wedae| whyor dal Alxgle] Al
5 HNE = ASE o = dsled, A2 71F A
B & Qe didlel GPU2| W& A o] &gtoay Ay
£o2 Fdo] FAE AL F U= MES UYHE w7
Ak

#1gFH8

[1] G. Salton, A, Wong and C. S. Yang, “A vector space model
for automatic indexing.” Communications of the ACM. Vol.18.
No.11, pp613-620, 1975.

[2] J. S. Lee and H. K. Ryu, "Personalized super computer current
and future by GPU parallel computing technology”, Korean
Electronics, Vol.36, No.5, pps62-571, 2004,

Ad
=

0E

N
1]

M FAMT AL s WY 247

Ho

0|88

[3] J. Nickolls, 1. Buck, M. Garland, K. Skadron, “Scalable parallel
programming with CUDA," queue - GPU computing, Vol.6,
No.Z, pp.40-53, 2008.

[4] Jason Sanders, ‘CUDA by Example: An introduction to
general -purpose GPU programming’, Addison-Wesley, 2010.

[5] D. Luebke, "CUDA: Scalable parallel programming for
high-performance scientific computing”, 1SBI, pp.&36-838,
2008,

[6] M Garland et al, “Parallel computing experiences with
CUDA." IEEE Micro, Vol.28, No4, pp.13-27, 2008.

[71 T. Park, J. Woo, and C. Kin, “CUDA-based parallel
bi-conjugate gradient matrix solver for BioFET simulation”,
Korean Electronics Journal, Vol.48, No.l, pp.80-100, 2011.

[8] M. J. Kim, “An image processing speed enhancement in a
multi- frame super resolution algorithm by CUDA", Korean
Journal of Military  Science  Techmique, Vol.14, Nod,
pp.663- 668, 2011

[9] NVIDIA CUDA, "NVIDIA CUDA C Programming guide
version3.2", http://developer.nvidia.com.

[10] NVIDIA CUDA, “NVIDIA CUDA CUBLAS library,

PG-05326-032_V02", http//developer.nvidia.com.

[11] *Thrust library", http://code.google.com/p/thrust/.

4 o i
e-mail : pind156@naver.com
2011y o ghar 3FE e (8kAah
0119~ A spyloigkar 7 55E 3o
Ay
PHiltof: zhlefafe|,  ghare] A n A ],
Au AN, daentoly §

B & &4
e-mail : bazell984@naver.com
20000 wulel&han 7 3RE S a8
001 ~8 A =gl sta 735 3etat
Al Ab a4l
otk zelolHz], ghao] AHu A,
AR A fA vat §

o 2
e-mail : ejim@kookmin.ac.kr

19910 M &ef 8kl 7376 3 sheh(shah)
1993+ A &ojehin 7R3 stk ataiah
200051 U.C Berkeley #)F¢]2-%f#}

(3 8hubah)
20006~ A sdieta HFE 3
e

Aok nAd e 7Y, YA, d2Evfoy



248 ZEME=Z=2XI B M19-BH H4=(2012. 8)

&5 4
e-mail : sskang @kookmin.ac.kr
19861 A &oi3til 73 E F8tah(shA})
1988 Aot ZFE T etaH 3 8HAAY
19939 Mok 7 el gatal g shuta))
199433 ~2001 Ao A d kst
Rag
0019~ A Fiostn AFe TR ugk
Aok Aol A, gharo] Fu e, AnPA,

qaEstely §






