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Abstract: We present a GPU-based algorithm for solving linear programming problems using simplex methods under CTM
(close to the metal) environment. Matrix-packed storage strategy and correlative computation f ormulas such as revised basic matrix
simplex multiplier and departing variables are brought forward ,according to the fact that at most one column vector produces in each
vertex changing step and the feature of reverse matrix of simplex method. CPU takes charge o the iteration and all compute-inten-
sive tasks are carried out by GPU. Theory anaysis proves that both space complexity and time complexity are superior to traditional
method. Numerical experiments on randomly generated problems demonstrate that this method can not only get correct optima solu-
tion,but also reach as fast as hundred times of CPU-based version; and it runs severa times faster than MATLAB R2007a.

Key words: simplex method; graphics processing unit ; close to the metal ;texture;pixel shader

(341 | uh B gur
nior
(6]

MATLAB CRLEX LINDO/
LINGO , . ;
g (graphics processing unit , GRU)

[1,2] ) [7] GU

. Paparrizos

(8-11 Gy (snge

:2007-10-08; :2009-06-09
(No. 60496320 ;No. 60496321) ; (No. 60773097 ,No. 60873148)



11 : 2575

ingruction multi data,SIMD) ()1l u
, Vi [0,m-1]:V] U:
GU . , - EixAij+Ai | I 2
GU : , GRU VLE XA e
, (€20 (exV) , GRU
, ATI( AMD) ¢ Bt u;
CTM(close to the metal) 1™ ; ,GRU I
4096 x 4096 (Directx 9. 0) |, , B!
1400 , CRU : { B
B! ,GRU
(pixel shader) ) e=V]
CM
(2
Q. Y=CB 7,
Y=(y1,Y2, ,¥m ,Ce=(CB1,CB2, ,CBpn),
2 Y '
’ A wl oIS 3
rowA A Y oBxhy u
columnA @ . i U
A ,
CRU GU . (3)
GU B ! E XN Oy
B ™' : ( , N. GU
) ' . )
. Bloourt Oa=CB 'A- C,0,=(01,0,, 0, A=
® : [a ] men-O -
: Oj=-6+ Y yxa, (4)
(1) (4)
Bo ) XB:B-lb, Xs = ( Xs1, X2, :XBm)yB-l
I'm Bdl Im. =[7\i,j]m><m,b:(b1,b2, , b, XB
Brav= EBad BLB " SAixb+b, &y
Im . Xg = Y (5)
Br_‘-alv- E=(e, ,@-.1&,6€+1, ,€w.& = 3
€1,&2, &m)', I; Bag =
[)\i,j]mxm, U ’
Brow 1= [N . B QCRM (conpressed revised snplex method based on
() 1&U GFUC)FU GFU 1 CRU U
Vi [0,m-1]:V] U {I}: ’
i XA j+A , 1 EL jEI ! e’GFU
A= & XA N EINEY (1) U ,

Ei 1 JZI



2576 2009
cpU ; cPU . o(amn) .
| : B
HHT VIR | E ,
KA ;
f WAL T Y 4.2
1 3 il GU (GCRV)  MATLAB R2007a(
BARIT Sk 5 MATLAB)
! RECEEFI A
i MR H iqr, , n, A nx2n b
i > 48 HL -
: g HMOanN nxl,c 1x2n. Pertiun IV
SRR A :
ik | 3.4GH CPU ( 2@) ATl FreSream 2U
Bt AR GRU( 1® R
! a, 1
| RSB A (@ =0.0) 20% (a =
2 AR o m— Y T Tl
| ; T, 0.2) 0% (@=0.4) 60% (d=0.6)
“hR :
Bl HEREE
CcrU CRU GU (1
,CRU ,GRU 3, .CRU GRU
.CRU © MATLAB
) 10 ,
0
, O(n) 1
. 2 Ma=00
' o(n) ' ’ MATLAB CRU U
4 200 0.000 0.9 5 0.001 1.63 5 0.001 0.85
4.1 500 0.026 15.05 7 0.026 27.53 7 0.026 5.14
800 0.014 19.62 10 0.014 171.68 10 0.014 6.77
4.1 A m, GORM 1000 0.019 25.33 21 0.019 707.24 21 0.019 7.22
o(mk) , k=] Ul. 1500 0.004 84.86 12 0.004 1584.88 12 0.004 10.77
QCRM , 2000 0.011 241.52 18 0.011 5664.62 17 0.011 19.66
| & (2a =0.2
U, D, m(k +1) MATLAB CrJ €Y
(m- 1)k ; U, 2,
mk m(k- 1) ' 200 0.065 3.02 16 0.065 3.80 16 0.065 1.54
o(mk) . 500 0.032 13.92 15 0.032 54.46 15 0.032 2.3
o(m) 800 0.020 19.44 22 0.020 365.00 22 0.020 5.64
GCRM m 1000 0.013 25.38 29 0.013 959.61 20 0.013 8.31
m 1500 0.003 55.75 22 0.003 2772.36 23 0.003 11.12
. 2000 0.010 151.63 30 0.010 9062.94 29 0,010 34.09
42 A a f 2500 0 008 178 97 30 0 008 13688 66 31 0 0N9 51 25
QCRM o(@mn) .
A *
, amn

** MATLAB lirmprog

LIPOL,



11 2577
(3)a =0.4 (4a =0.6
MATLAB CRU GU MATLAB CRU GU
200 0.091 1.53 12 0.091 2.89 12 0.091 1.23 200 0.120 1.44 30 0.120 6.91 30 0.120 2.53
500 0.031 15.47 9 0.031 33.06 9 0.03 1.73 500 0.080 15.22 37 0.080 132.72 37 0.080 4.45
800 0.025 11.78 23 0.025 82.91 23 0.025 2.77 800 0.057 20.53 54 0.057 891.64 54 0.057 9.9
1000 0.017 35.06 44 0.017 1452.68 51 0.017 10.43 1000 0.032 32.67 121 0.032 3986.67 121 0.032 21.78
1500 0.005 116.63 23 0.005 2896.52 23 0.005 10.74 1500 0.048 126.75 - - - 84 0.048 15.32
2000 0.009 113.94 26 0.009 6008.78 26 0.010 17.78 2000 0.035 199.16 - - - 114 0.035 34.70
2500 0.006 164.03 - - - 21 0.005 26.90 3000 0.030 679.08 - - - 70 0.032 42.88
3000 0.009 393.64 - - - 26 0.009 69.08 4000 / / - - - / / /
1 (1 , A 3
, 2000 , GPU CPU
600 ) ) , GPU , GPU
NN\ 5 (18000  |IEEE754 12 4000 ,MATLAB  GPU
) A , GPU
1000 , )
100000
0 CPUR & —— CPUILA
—u— Matlab —a— Matlab
—— GPUI A 10000 | —— GPUJiA
1000 -
§ g 1000
% 100 - %
g & 100f
i) i}
10|
10
1 1 1 Il 1 1 1 1
200 500 800 1000 1500 2000 200 500 800 1000 1500 2000 2500
FERHH FREHE
(1) a=0.0 2)a=0.2
10000 10000
—— CPUIRA —— CPURA
—a— Matlab —a— Matlab
1000 | GPURA 1000 |- —4— GPURR*
® R
b Y N
E E
£ 100f Z 100}
e &
1) i}
10 + 10
1 1 Il Il I 1 1 1 1
200 500 800 1000 1500 2000 2500 3000 200 500 800 1000 1500 2000 3000 4000
FRHH ZREH
(3) a=0.4 4)a=0.6
B2 EHtEaaik
MATLAB CPU GPU 3 GPU
2 , , A
. GPU , )
CPU . MATLAB CPU 5
, JIT , C
CPU , GU
MATLAB 5 , [13] U ,

2000 ,GRU

4 ,2000 x (2000 + 1) x 4= 4096 x 4096.




2009

2578
25 -
0 KRS
20| B FRAE MRS
= 10l
Y
sk
0 100 200 300 500 600 800 1000 1200
DL
B3 R4S ES R ELE
, GU ;
G —NVIDIA
[14]
Sream 1. 3 ,AMD (exV) CRU
(fuson) , GU

[1] GM Wang,Z PWan,XJ Wang,et d. Genetic a gorithm based
on simplex method for solving linear-quadratic bilevel program
-ming problem[J]. Computers & Mathematics with Applica
tions,2008,56 (10) :2550 - 2555.

[2] , .

[3]. .2002,30(7) :1057 - 1060.

Wang Jin-gen, Gong Sherrguang. Research on the Problem of

Locdizing Magnetic Target Based on Moation Scalar Magne-

tometer[J]. Acta BHectronica Sinica, 2002, 30 (7) : 1057 -

1060. (in Chinese)

[3] K Pgparrizos. An infeasible exterior point simplex agorithm for
assignment problems[J]. Mathematical Programming,1991,51
(1- 3) :45- 54.

[4] K Pgparrizos,N Samaras, G Stephanides. A new efficient pri-
mal Dua Simplex agorithm[J]. Computers and Operations Re-
search,2003,30(9) :1383 - 1399.

[5] H Luh,R Tsah. An eficient search direction for linear pro-
gramming problems[J]. Computers and Operations Research,
2002,29(2) :195 - 203.

[6] H B Junior,M P ELins. Animproved initia basis for the sim-
plex agorithm[J]. Computers and Operations Research, 2005,
32(8) :1983 - 1993.

[7] .

[J]. ,2004,15(10) :1493 - 1503.

Wu Emrhua. State of the Art and Future Chalenge on Generd

Purpose Computation by Gragphics Processing Unit[J] . Journal

o Software,2004,15(10) :1493 - 1503. (in Chinese)

[8] . GPU [J].

,2008,36(12A) :144 - 146.
Yuan Youwei.3D Solid Models Rendering Based on GPU Ac-

celeration[J]. Acta Bectronicd Sinica,2008,36(12A) :144 -
146. (in Chinese)

[9] T T Wong,C S leung,P A Heng,et d.Discrete wavelet trans-
form on consumer-level grgphics hardware[J]. |EEE Transac-
tions on Multimedia,2007 ,9(3) :668 - 673.

[10] , : . GPU

[J7. ,2007,35(6) :597 - 601.
Yang Zheng-long,JiN Lin,Li Wei-ging. Accelerated GRECO
Basedon GPU[J]. Acta Hectronica Sinica,2007,35(6) :597
- 601. (in Chinese)

[11] P Mark,S Mark , G Derek. A Performance-Oriented Data Par-
ale Virtual Machine for GPUs[ C]. In Proccedings of SIG-
GRAPH 2006,2006:184 - es.

[12] Ati Research. The Radeon X1x00 Programming Guide. www.
ati. com,2006.

[13]1 J H Jung,D P. O’ leary. Implementing an Interior Point
Method for Linear Programs on a CPU-GPU System[J].
Hectronic Transactions on Numerical Anaysis. 28,2008 ,174
- 189.

[14] Nvidia. NVIDIA CUDA Compute Unified Device Architec-
ture- Programming Guide. 2008, http :/ / devel oper. download.
nvidia. com/ compute/ cuda.

,1975 )

’ ’

Email :bahongteo @263. net

,1968 ,

E il :ouyangdantong @163. com

,1976

’ 1

Emeil :hdili @lu. edu.cn




