FaE 1Y

L3 NI A

Computer Science

20144 1 H Jan 2014

ETWHMNEANSERCEZWEEZE GPU Lyt

F B FTRT FAH%K
(hERBAFHHENE EEEAERE AL 100044)

i E GraphCuts —HR B A THRLEAHG—H TR 5k, BS54 4 CUDA hils, B LR SRR
ARBHRBOZHERSBSHITAEE, £ GPUBHUMT LT & LA TERATEANL 478 H %4 Graph Cuts
RBREH L EME IR, FF X Graph Cuts £ BEAR ARG LA EARERLAE, §AKENS T/LE
#E GPU Lt 4734716, 813 CUDA #5 W BH R R He ok SEATM EN 5 & 478 H 3 49 Graph Cuts, &
ERRBIER, G BB F R ARG,

XA BE,EA5ETHLEE,CUDABABARS

hEZSEE TP312 LHEARIAES A

Realization of Graph Guts Based on Improved Push-relabel Algorithm on GPU

LI Ye YU Shuang-yuan LUO Si-wei
(School of Computer and Information Technology, Beijing Jiaotong University, Beijing 100044, China)

Abstract Graph Cuts has been an important method of computer vision, which can apply to the field of image process-
ing. In recent years, the graphics processing unit (GPU) has progressively and rapidly become a kind of higher parallel
computing processing unit with launching the Compute Unified Device Architecture (CUDA) from Nvidia. The parallel
implementing of push-relabel algorithm on high-end parallel computing platform has a high level of parallelism to im-
prove the computational efficiency. This technology has an important value of theoretical study and widely actual appli-
cation background, which expands the range of applications of graph cuts in the field of computer vision. It firstly pres-
ents a basic parallel implementation of the push-relabel algorithm for graph cuts on the GPU, which introduces texture
memory of GPU to improve the speedup. At last, the experiments test the times of foreground-background segmentation
and compare speedup of different groups, which show optimizations can enhance the performance of the implementation.
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2 CUDA & ZMENSEFRCEZTIR

2.1 CUDA I

 B—iE 4 (CUDA) R — R B %A 88452 HiE
(SIMD) 34731844y, CUDA B GPU HiBESHA, BE
e CIBEF R F T T — iR S H A S HT R, F5
FEARFLUEMEERATER.

#£ CUDA 4Bk R, B ¥ ¥ CPU R EHLM GPU &
FiRE. —MERPATURBHA - ENNRE S,
CPU F1 GPU #hE T fE5E R F A E1T. # CUDA H,
BN ABHA ACHAE S TASNRRFME: S
—NREBHRE — P BT HEES BS grid WP T R BEER AT
LA R — R R AR . BRub 2 Ab, IR WA AT AR BT
ARV K RS H B s SRR .

B17# GPU kK CUDA F47 15 of B0FR i W #% (ker-
neD) , kernel DAZRAR R (Grid) T R A, B AR E MU
BETLEE Block) A, MBNMEBR X METLREH
. RBEWITRTHESAA, kernel £ LA block 87
AT B, CUDA 3] A grid 3 %78 — R 5 7T LA 347 AT
block BI5EA . FELBRIBFTH, block 284 H BUE /MY LR 12
W (warp) ,RBR B E AT EE A RES . SMAXRREL
e B ER L. —4 block WABE A EEH] —4 SM 1, {H
RB—A SM R —B 2] LIA L E SRR

FER—4~ block H AR, VT LI AT BB @S . & CU-
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EF L EREE.
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push BfE RV R « BESHH, TR « HEBEUAE
HEE G (D >0 HF BRSEANEERRIMERN 1
(hLul=h[v]+ D, K5 R & R R TR A B B
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ds (usv)=min(elu],cr(usv)) 1)
WA TR B TE ST AUEA B R BT A T .
fu,vl= Au,v]+df(u,v 5
Av,ul=— flu,v] 6)
eLul=elul—dflu,v] @)
e[v]l=elv]+dflu,v] ®

relabel #1F . EARTCERAE I 1 P2 38 b0 45 S A0 0 ek 4
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GENERIC-PUSH-RELABEL(G)
Init: A s BHF K, HAH H=0
While (exist push or relabel operation) {
if(eC)>0,¢;(u, >0, h[u]=h[v]+1){
ds(u, v)=min(e[u],c;(u, v));
fLu, vi=1flu, v]+diCu,v;
f{v,u]=—1u,v];
elu]=elu]—di[u,v];
el v]=e[v]+d[u,v];
}
else if (u ZEFIRE P BAIEFH, h{u]<<h[v]D{
hlul=14min{h[v]: (u, V) RFRE P& HAA;}
}

B2 EAREFCEERSTHRDG
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CUDA #EHE L LU A ERZE A GPU # SIMD
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FEFARRIOT L PATHIE RAE, IEEFTURB ERNEE
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Xt BT TR A FE GPU E3HAT#E . InRi & push BPERI &4,
BEHATIE S 5 R R relabel AR &4, MHATHRAE
XY . B, 7 CUDA kN Zik B A 2B 28 R e i
R S s 0 % B3 T X FAE B Y A A BE TR B A A7 T 4
i HAt Y S BRI AR5 SRR M I, BB D X e 4R AR R
EHAR. FTUTERTIOX ST S8RIE.
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BAWR, MESM T RBENZ Y SAEEBENETERER
PEEETENT R B, 7E pull Br8, 7 RBEB KRR
HESE AW, X B SEHEARAEAEPHAER,

MFEEVR v« EHEEHERELE: HTRHRR (W,
B h(w) W AESIRE flag(w MBI KB R RHBEH K
WA R. BT RBEREIMT N RSRT 3HRE, &

A Active 75 . Passive &5 . Inactive 75,

Active(u) ; {e(w)>>0; J v{h(w)=h(x)+1}} ao
Passive(u) : {re(v) A Jv{h(w)=h(v)+1}} an
Inactive(w) : {e(w) =0V (u,v) ¢ G} 12

Hh,active P EBRALER e >0.BH MBS EE
hw)=h(v)+1, passive F§EBHFEABE h(w=r(v)+1H
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(=0 HEAFRETRASERWD A

# GPU LZLUFTHEASERICEETEWA ker-
nel s PushPullKernel 1 RelabelKernel ,

PushPuliKernel S5 hAUE (u, v) FT1 (v, ) R T e(u) I
TURK) e(o) A BRRIREMA & PushPlikerml PR B0 E
3P,

PushPullKernel (u){
h(u) ; global to shared;
synchronize threads from threads;
if(exist e(v)>>0){
push operation;
}
c(uy, v)= c(u, v;clv, W= clv, W;
e(w) =e(w); e(m)= e(v);
}

B 3 PushPullKernel {54

FUABERK h(w N2 hERDIR PRI H
ol FRSEBERBRBTE  EAER WA GHATR T
— B WA A B R B AP — B E R AR E R
(uy ) FI (v, ) P E; —BUE L EH B RE P RT P e
W e(w) ; FFHEE AL R HNAEHFIE grid 18 block —
Bk,

RelabelKernel fEFIRB IR B2 RATFP ML
height SRIGHE T height HE A £R WP . RelabelKer-
nel FOHARISINAE 4 B,

RelabelKernel (u){

h(u) : global to shared;

synchronize threads from relabelkernel;

min{h(v]: (v, VEFHEKHE)

h(w=h(w;

h(u) ;shared to global;

} Active(u) =Passive(u)
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Init: ERBE B graph:e(uw), h(w , flag(w), c(u,v)

Parallel graphcuts()

{
RelabelKernel O 5
PushPullKernel () ;
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4.1 3F GPUHEHITR

GPU 7 a5 BOH SR T B PR RE RO SN 18 % B AL B3R
BT BB 1 S 5 A DT TRV BE  AFEAR AR DR 2 Y
SCBLEP , 2R AT BE R RO A A BT I SR . 3
EFHTUBEASERCE R RIF A KT GPU 44
I, RAESCIR[4 )P — R BIR AR, XA ERE
TS ER P BIUNFER, BV R 2R ARG
A Vil TR X T2 J5 W B9 177 TR IR BOR M GPU 726
BT, B, 2RNEHNRAREER AR [E1 A X
K BRURFEA REN THRES W SRS, FXEEHF
b A S EARCHE P, BE B = ) Rtk 3F B A
HFE NN ERHEEATREETIZA, LB ES GPU
Y —FHRF IR B LB it 48
4.2 7/ GPU BB ilsR

WBNERETT WA RS PR R Z R R
MERT BT, Z2Y R EF  WRLEERF QBB BT
HISHERIK &S . B MKR S GPU BT B O X 2
S ENEFTETRMIFE. SRR T, 808
WA — e R (B S LAE UL T (SO AP 4R 7 BE
FIRF I HERE

WP 6 Bron , — R BRI B T AR5 I R R
MO ERER. BRABEARR, BTR 4 M hikifdesE
g, — KSR ERXFIAER. A0ha B Eg
B R PR 7 R AR T B 6 BTm HATEA
SEARCE R USRS RS R R EE K,

Zo \
“f 1 3(\’ >
\’

22
—‘/

%3

6 GPU PRSP 24 WA X 38,

3 GPU e, IRIBSE N F R AL SRE TR
BB b RS AR AR , SO TK R T B BB
Huht , 4 4z RN B — 4, LU AR AR R B — B 4
WHEER T AH IR,

P PushPullKernel() .

L A5 g ERAR B SRR G BUE AR A TR
SHENFHARH.

2. W B EFMCE A IR BRI M ILEN T H,

LHIMT LY RRBRAEK M HENERRAREE
HRARBERL BN RN . B TRIERESR TSN F TR
B, BB EEHESHH kernel MR¥ALFEAT .

A RelabelKernel) :

LY SAERESEANEEEZFISE REEAHRE
H7F.
2. IR WA &M Y SRS passive R ac-
tive, 3 HEEHEHFHHEEE.

SRS R RN, B BB BEE —Bt. IRER
LB B AR HEEE, SRR FHEERRAEN, WE L 50ER
BUSZIHREEE . SBEFFERMNEF, W5 GPU MK
BLI R GPU BRE (A%

4.3 GPUEEEERE

GPU A FTREEENHEREAEENE W, &
CUDA BB, grid ¥ 8944~ block &84+ FL ) GPU
B SM eiiAT. BTSSR, R S NN
ZHF NS BEF D RE N RB ISR, A 588 BOR H
PR, FFLE RS B4 grid # block 1% & B.
51 block H&RBHIEE T MECGEZFHR/DK.

REFZEBROLEEERY L WS N EBRHITEE
BINFER Sr=T * I, REEGLLESHBR AR M GPU
i) warp g 32,28 T HRIELR BN RILEE BT B8 warp, &
4> block HEREHHE T BIF£ 32 BfF¥. GPU #4301~
SM, B RFEFHFBCE SM b, F4> grid PREHR B
BEBFHEER 30 MER. X GPU ) SM AiEHet, &
BNFE Ssm=30 » T x [, U BEFHK/PNLAWE K=
Ssm 3+ B W Ssm BEFERAE. %I18F) SM s ERBRAL
HBESWER, SEENAEH RS RERRENTEE
FEACCE B, WEERFRE N K=Ssm RBCERKEE,

5 LBERMSH

A SCHR i O Rl W X 4 B R SR SE R B T4
BLHY, SEBL B IPA) 7 R A GRS I P RN By, EEA LR
BRI HERAERBTX .

FHEASERCE LR E GRS RH X 45LER
MRS X B RS . FL R A SRR
& R E PR EAT AT T ERIER, REPR R RXT
RECRE BRI PLIRAR . B 2 B ARE — iy B R S 4 R »
SRR TABCE T, X PIER A LU B — A R BOR A, Ko oF
I B T R AN HAR 8 X R R (A I 2R3 BE
A0SR AR AR RN UL B X B TR A T BR ) Tl 8B 43 » M4 20 )
FF T BRI HEBEK , T 1% R /N £ 430 S, S B 3 1)
WBUBE RN ZBD . TR TR 2 U 270 %o B TR AUR TR R
BEEROEII.

E(A)=2+ R(A)+BA) (13)
H

R(A)= 2R, (A

pEP
BA= 2 B 0(A,,ApD
{prgtEN

A

s, ap=| 1 TATA
0, otherwise
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Hirst R ILEE B R B KA IR B B/ .

A SCH LR P B 8 B A A R R4, L3 hn— 2
BTFREERNEGE. LREEXMN FHREATRE 4R
BHEPABEROIET, WEAF M SEBEE .

CPU LI W58 4: £ & 2 Intel Core 5 2. 8GHz AbBESE,
8G MFF:; GPU LM MR 4T & 2 NVIDIA GTX570.4G i&4%
W, TRTHWM KL S E Ubuntul2. 04 LTS ,CUDA
toolkit5. 0, LK EA LS BEIRIDE B 17 B R X 401K
ZEEAE, 7 3 ERF R E & 48347 CPU 8, GPU
HATEBLL K B K GPU L3,

IREE7HPRIBELAEAFRERBIANXIER.
F 1IER T X FAEA [ B R A5 2 6 W AR ] , 3433
Fidy CPU St GPU Bk LA GPU B kLB
b, RPrE BT EIHERR T 7= A4 B B 2 5 B 6] 22 A1 i Bsf
&), %+ F CUDA SCHLEITE S8 M WL A% 2 B35 45 ) 6 1] A A
BB L RAZ A B BV B E) BB HEBR ZE ST .

B7 ERERSE-EAEEE, L

# 1 CPU LIRS TS5% GPU F—BEIAMA LI T 3

H%4 3 E CPUMGPU %k 4 51 4& CPU fn ikt
52 304 B ) B AR GPU o ] b 8 3
CPU GPU iri®  CPU Improved sz #®7
(ms) (ms) t (ms) GPU(ms) Ik
%% 640%480 11.02 4.50 2,45 11.02 3.65 3.01 22.9%
FAIE600%450 18,59 7.22 2.58 1859 5.05 3.68 42.6%
44 600%450 31.89 8.94 3,58 31,89 6.98 4.57 27.8%

B FEH GPU 8 F &, -7 I 5 2 78’ — A fa] ]
DLAEFE R B SR MBEE T R A CPU ST B e B2
B HH g t = CPU sLBIET H /GPU S£8iatE] . X FH 8
W GPU LI i FRA T 2RFMHeE, L BAEZFILE.
GPU H¥EERBE X, FSNE R IEF MRS, £
L8 GPU ZIRA TSR NFHEER AR B4 T GPU
WG, BAZFHBEEEAHELS T HEHESEMITE
HOTHESREL MARE R TRMEENME. 1
H, PERERR T = (GPU Bt Se 3R i 0 2 b — GPU H5@ LB
i HD /GPU %38 SEEL A ik Ee

MFE 1 BB £ B R A BEEE R R B, 4 Bl
XA CPUTE , M GPU #ATHITIEA S BB ¥k
i B AL M BRI 3~4 % M LA A GPU M@ R SE B
s K GPU T EASERCEEERERT 23X
~43%, LREFEEN, T GPU FEASEIRTEERH
HAMRE T EROHEMEE.

BWIE AXETIEERMI CUDA #THEFE,
UERHEAS EAMCE N ERE, X GPU # XM TE
B, AR BB SRS UG AR T, BB T
Graph Cuts HERE ) ES B A R BRAL R AHEEE.

RGBSR AR R T, 3T GPU 6k 88
FIBEE B Y S S R BT RS B M. Rokaks
MERITRE GPU B .0 GPU 772464 2% 22 8] 8 R4

e 68 o

Bk R+

FEMRE, AT B8 B3 GPU W BE A MDA =2
ARG, 7 GPU LB 237 i 7 B3
RYGIRT.
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