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Abstract In order to deal with the relatively high time-complexity of practical issue, parallel modern optimization based
on GPU was presented in this paper. Firstly, CUDA parallel programming architecture and programming model were
summarized at a macroscopic level. Then the parallel processes of five typical modern optimization algorithms(Simulated
Annealing, Tabu Search,Genetic Algorithms, Particle Swarm Optimization and Artificial Neural Network) using CUDA
programming model were provided. Experimental statistics measured in different environment indicate that the parallel
method can obtain better performance on average than CPU. Finally the parallel optimization strategy was discussed and

the outlook of future direction of parallel optimization algorithm was also pointed out.
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| ‘a‘ﬁ‘;l% BErTHE ”
| 29 E 2
EXT G 387 WekgE PTerre
REM A Eal Ly AT
wiet ||V | [THEE || [BE FHE | 6?
e IEZY sz P 3
i A
L Tz [REnTaE] |
| FHEN ENGRE [
S _ForbiaRA __

B8 BPMEMBEAIFITER

4 KRGS

W LR R R R T GPU B S E 4], K R 3 1
S EEAERFREEREN CPU # GPU BFRET , Bk
TFRLHER, BT LRERNEREREY GPU #6
AR TR 88 A, TG MBI HAT R R E & T GPU 347
oy F AL B BE B A R

F1 BB ALRERET

Cluster Size=1 Cluster Size=4 Cluster Size=16

HER Seedup Seedup Seedup
bl17_1 10, 16 21.97 12.29
b18_1 10, 69 23. 60 12,76
b18 10,03 22,47 13,31
B19_1 9.94 25.31 14,97
Leon2 6. 60 14. 89 9. 92
Leon3mp 7.03 15,28 9. 04
netcard 7.40 16. 82 9. 69

(DIATHALE KB ER  HATEH MRILE K FHATEF
REBEHPE 3ADFE, EEEIHT EFRIFTURFTE
HRA 34T, £ F Alexander Choong % AP MZEAIATH
W%, 7E 64bit i) Linux R T 2 HI¥ P T CPU

GPU X EEHLR KB EHIATIRA . FHrh CPURAIHE Intel
Core2 Quad 4bBEE%, ZALBEEE TN 2. 66GHz, A 2GB 4
M= . GPU R A K2 NVIDIA GTX280, £ N
1. 35GHz,## 1GB 8ff. Ul IWLS Benchmarks /£ & 3561l
RX 4, S PIFEARF B BIEE TR 83 T X 1 515
WIRAER .

(2) BRERE L. 2T Michah Czapinskil® 8 A
HIFEATHEE , 7E Tesla C1060 384y H ¥ IFITHRBHRE LN
FTFERFAKERFFEE S, BITEFLE Intel Xeon LbH
L#AT, 5K 3. OHz, WK 2GB A= ], FHATRIFE
NVIDIA Tesla C1060 b 478, 3% 2. 8GHz,4GB %
P, MR B EH1% Intel Core2 Duo £h3%%, 45 % 2. 5GHz,
4GB Wy FEZ3 1], Tesla C1060 A& 30 MR L4bsSE, 54
AT E A MR EAEER STERE I 13, B R
WE{E 7 F 1% 933GFlops, WUKE B4R fEWEELHUE ) 78GFlops, 5%
Bl Taillard ALK TR B ROK S A ERERE
HEREFTHR, e AMiE 3 Taillard ik XBEHLA = T 34508
£RPATIR ., BB P EI task (ESO BB R n, Hp
RIBUE S LS E R 10 ME, ne {10, 20, 40,50, 60,100,120,
200,300,500} , 6B machine(HLES) F B K m,m€ {5,10,15,
20,25,30} , LI B M4 BV A FUE S BAARFEHLES BT
B BT RIFEAT 45 B BAT RO Bt 18], B AP, SEIR XY b &S R
2 B3,

#2 RREREEIRLRGT

Tasks/A machine=5 machine=15 machine=30

GPU CPU GPU PU GPU CPU
10 0.10 10. 10 0,18 0.18 0.31 0,29
20 0, 46 0.44 1.11 1.02 2.12 1.64
40 2,87 2.68 7.35 6.02 10. 20 9.17
50 5. 04 4,81 10. 85 10. 57 15,11 15,74
60 8.16 7.76 15,72 16. 74 20. 40 24, 24
100 17.33 23,89 26. 46 33,94 29.51 37.67
120 23,22 36.12 31,01 51. 40 32.65 54, 05
300 34, 84 60. 86 37.48 67. 63 27. 46 53.83
500 36. 48 65. 92 39,17 73.10 6. 37 35.79

) BIEE LW . 2 TF Rajvi Shah 2 A8 9 47 50,
R Tesla S1070 484 % 38 1% 5 B v f) 38 B P4l i B Ag
ERER BUR 1T GPU SLRBIATALE . HRMEH 30 MR
LA, BGEESE 8 MR BRAEE L, BRI
HE GAlib 3, Ha i BT R T3 B 7 Intel Core2 Duo
E7500, E£5 % 2. 93GHz g4t B 8% L 4T, &t N REZEW
B G RNE 3 FTF.

£ 3 EEREN RIS R

N/& CPU/# GPU/# Ak b
100 0. 141 0. 046 3.01
1000 1. 629 0,053 30. 38
10000 21. 609 0. 209 103. 19
100000 497.927 1.724 286. 04
1000000 7233.716 4,727 1530. 14

(DR THEELR T You Zhou AR K5
GEFHAT PSO B 8 #9 8 B 78 GPU L3475 $47, CPU % Intel
Core2 Duo #b3E5E, 5% 2. 20GHz, TN 2GB 7223 6] 5
GPU 3 NVIDIA Geforce 8600GT, 3550 A #E3% 4 4~ H vl
BB AT B, MR R A 9 Fis .
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(5)BP #12 P4 H 1 31 : Noel Lopes % A g 25 1)
BP(Back Propagation) JZ ] % # # 22 W 4% Uit R 2 3 R
59 M 4% MBP, 345 BP D K&t /5 89 MBP Bk
GPU L#47 T 34T, BB T W& R 4522 5 1| -5
B t#ERT, SCIR AP R R T W R v R AP AR f ()
=sin(x)/z” (Benchmarkl) F1“ two-spirals” (Benchmark?) , 3£ i
IR F-& R A i Ab B 88 2 B 28 CPU Core2 6600, 4N 2.
4GHz,GPU &1, 7 NVIDIA GeForce 8600GT(GPUL)fl
NVIDIA GTX280(GPU2), MBP iy 88 3£47 M R4S R0k 4 Br
3.,

F4 MBPEEMEHER

¥ N1 /A CPU/# GPUL/# GPU2/#
MEP 5 239,598 55, 007 39. 448
( KD 7 261,764 45, 746 32,789
340. 272 50. 277 33,254
15 629. 321 63, 637 19,159
20 662, 434 67. 880 17,373

(Benchmark?) : ' :

25 864. 878 89. 598 20, 140

it bR S B E T GPU MBIAH T B K
WH R LT LUR B, B A B I 5 B E B DR
EAR MBI, GPU B A WRB A B EERET
W B 2 AL AR B LSS K, (R R AR AL KR , GPU By
IEBCRAE, BAF AT 1~3 MUERHIIEL.

&5 BAMT, R AR 22 5 R AR A SR IR AT AR S W0 407
T H— R Y EAR R A B 3 B B i PR R Y B R R S
H BB E S RLT %, #40 GPU H Global memory %R
ViR R 4 0 BE A SR, B R BT A A ROk
RN B R R R . e, MM RBRRT , B A )
AR 3 R4 R VBB L BT £, T K B SRR M 34T AT
AT AR A R RO 5 B (B ER , I AR AL Bt B
K, B RERBURBEF . EA W RAREE N 58—, WK
0 BE AT, BT RN B b R e B B OB AT AT
16, WD B R B, AR H . B, NES
LT TEM A GPU N ER T HiLZHEES 5 HET
BB EEA MR L I block Hr LR R A ) R AR LR
W, B HERABELER RS RES, RS RBF
R ERMRE. ARMEA GPU RARREKRMFIHEE. 5B
=, Rk, X H % GPU bR FATHE, BT B
B RGN L GPU A2 E NS E B B RR.

dRiE AARMARMHTRAER ERAHETET
CUDA #3Ff7dit 5 XM, B ARIFET SR E LB
7L B RO 0 LB i R B, B F CUDA WL Bk
PATHR LRPB TARBENRET. LRRACERERK
LA BRFEER, BREREO LM, R
BLE T AT R0 2670 ) 2, SR PR S AROE (0 SR, 2 3B R A 9 3
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AR FIRE, 78 GPU AT EBRE L, YERKFERF TR E
BEMSTAERHTH R Z H GPU A KB R thread 3,
TRTTLIATAA YR . GPU #%fse R 7+ R Bl et B %4
ERDY GPU SR B BFE B M/, KEBRAS
BEKIERT, AT RBEE N 2FFTEMS. 45T GPU M
CPU [ Sk T B8R 8 (5 (R R R A Bk HE BRI .

E RUBLARAR A9 3 2 7 900 60 80 BE &5 7. SR AT AL A SR B
BEARALTT 1) & B, R OKBEE CPU 2R EBHHR UK
GPU it i SR B AR R Attt , B8 AT SRt 2 hn i
F CPU/GPU £#thERIR. Fat, T GPU # R F du
WA REE M RIRLAHME BB, e G
J % NP H AR LR &R, £F CPU/GPU R B HER
MIATERE A MG H CPU SRR EF R REHEm
R, :
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J&,182] T DDR3-800 Mbps 5 #4E it 8 37 L (R 45 e 5] 9 B 52
WE., BEHERSIME Y RIFHEENEFHRER
164ps, X UL BIEEAE T2 4414 SSIHBLT LA K X R e B e #Y)
PR AR £ 71, DDR3-800Mbps f i Fr Bt 54R FE S5
HAWE, EXTe PR BB A .

DQS

Setup Time

Hold Time |
‘>
|
e
connecnm[ Die >|’<

K 8 DDR3 E#{EiEe o

Die Memory

Inter Setwp
connection | Memory Margin|Margn

DQ

3 2 Worst Case T DDR3-800 B#/Ef T (R ETE

TimingComponent Description Uncertainty Units Method
ASIC PLL Jitter 20 ps  Estimate
DQS Duty Cycle 75 ps  Simulation
DDR3 Controller ASIC DLL Jitter 20 ps  Estimate
DQ Duty Cycle 75 %2 ps  Simulation
ASIC SSO 150 ps  Simulation
AA R BB B Y TR 415 ps  Calculate
Package Interconnect ,
Routing Skew 20 ps  Estimate
Interconnect PCB Interconnect 20 s Fstimate
Timing Routing Skew P
PCB Interconnect
- lati
SSN/Crosstalls/IST 218 ps  Simulation
EXFEWENH TR 258 ps  Calculate
SDRAM Set i 12
up t.lme 5 b SPEC
SDRAM Timing Slew rate derating 88
Requirements SDRAM Hold timq 150
q old 1 e 5 bs SPEC
Slew rate derating 50
¥ty SDRAM # L R0 F F 413 ps  Calculate
Total Uncertainty 1086 ps  Calculate
Bit time at 800Mbps 1250 ps SPEC
Worst Case Timing Margin 164 s Caloulate

(Setup+ Hold time Margin)

ASCE B B BT AL BE &% K IR %5 2% 489 DDR3

BERIE

B RGRIT, MEAT T DDR3 BRI E S EmnELsER
H,FAEESHETREMSYT T DDR3 RE BB ¥
B R E , X DDR3 B #RIER 34T T 4047, 3548
W T FHEITEE. SR E M DDR3 i P FERE
Jith i 10 E SR RAIRAE S Hik. (HELERENA,
DQ 55 M DQSfFEM G2 b R EKE 55 ODT HA M AE
FIF BT FF 8 1/0 B EH S 3% ~5% 2847, T BB 3
BRI TR A K RT3k 218ps. RAEN i Ei
H, A BE5LB DDR3 REHINFE T SHEIHE.
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