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Novel Smooth Exact Penalty Function Neural Networks for Parameter Linear Programming
Problems

CHEN Shan-Shan, LOU Xu-Yang, CUI Bao-Tong

(School of IoT Engineering, Jiangnan U'fliversity, Wuxi 214122, China)

Abstract: In view otl'solving linear programming problems with parameters both in objective function and constraints, a
computational method based on novel smooth exact penalty function neural networks is proposed. First, the error
function is introduced to constructing the approximate function of unit step function, which is used to give the smooth
penalty function that more accurately approximates the L1 exact penalty function, and its basic properties are discussed.
Second, the neural network model for parameter linear programming problems is constructed based on the proposed
smooth exact penalty function and the stability and convergence of the neural networks are proved. Moreover, the

specific calculation steps of our proposed neural network model for the optimization are given. Finally, a numerical
% |

example is given to illustrate that the proposed method possesses the smaller penalty factor, easier construction and

higher accuracy.

]

Key words: parametric linear programming; L1 exact penalty function; error function; neural network

SRR ) B i B e —, H
AR DY T8 S s R 5 22, RN 22 LR 3R
16 o e g, 8 B A0 AR A 138 i )
B, R O B R, 2 T S AR
PORAIPIZE ik S Py Bl al i PR s v, sk
it EARGE T I A A I RE AR B I b 1 5 i ke
% T RS RN PR SRR, 183 e fitis
PERI HIZ — F bR, 7T LAE e PR 10 i PR s A5
A AME e B NN SR, BBk T S84
T [

ORI 1:2014-02-27; W EIE ki 17]:2014-03-28

TSR AR Z A2 MR B BT 9, ek b
PNV e Al G v 5 5 v 2 — P R, B 4R
PR A T RGERIRE, A0 SRR 2%
JEANTT A H i . SR 2l B3k i v S0 B 2 i S5 8L,
TCEWEAT S VSR E AT, b 28 0 2% 4 A R
17y AT AAEAE S, ToBE R TSR 2R 1) i d
TR ITEZ .

S ST A I 5 A TR i e R TR IS, AP e £
TR e A R BN N I B 0 B 0 22 R GL e+ AT
BIRES. FZD 60 4EARK, Zangwill P45 1 Vi th

Software Technique * Algorithm #KfFHiA « &k 193

© TERERE TN

http:/fwww.c-s-a.org.cn



A /[N VA

http://www.c-s-a.org.cn

2014 4E 55234 % 10 ¥

A R BN, 6 20 SRR R 4 P 20
SN, SO TR B R AR, K T R B
R BCPE— BT B B R0 P, AT 75 o
Lo S B T £ S B B R A TRk, S T SR
BRI T AL, [T S H 55 IR
51RO R R, B T ORI, SR 6]
NS R T IR, ARSI L K 5 66 K
SER I, R AT OEAT 2R U G E A LA,
fE2 63, LEIEIERY L, SCHRT7-OLHLL 31 A il 25,
S SUT PRSI B B, R S R B AT T
I AL ART. SCIR[1075 Bk 20 A 2 B AR
HOSERN -, 4R SOEIE L, O BB T R, O
s 1T 2 FH S R ) FLPR R B A R R,
BT VRO M B ST 2, AL T A %, TS
x. -

T MO LR A . S
7, AR SO S, 316 LI i 2 i
HEh Ly R B S R AT RO AR R A,
ZCHERG I AH & sigmoid BEEL, ACHIANTIETRE
SN SR 2, R R e
ST R I 2 R SRS AR 2 e PR L B
LI SO T I AT AR

1 OGRS A 110 e B A T
F BT S AL A 2 B e PR )
min f(x,1) (1
s.t gi(x,/l)SO, i=12L ,m
Aela,f]

xeR" - §

Horr, f(x.2) Fl g, (x.4) G=1.2.L ,m) #B & R* LAZETE
AN R, A>0 ASH, a B EAHE (@<p).
B 2 elenf], B HA ATATE, HAT 474
X, = {x e X‘gi(x,%)ﬁwo,ﬂ ela,pli=1,2,L m} .

FIFH Zangwill™ Fro ity L, K5 sk, BA TR
R WAP e S e e B EF kS A PR
AR e, R ) () e A ] REL(2):

min Po(x,ﬂ,p):f(x,/l)+p§(gi(x,/1))+ )

g, p>0 BT, (g(4) =max{g(x,1),0}
(=12L ,m), AU F &8 25 LR 51 ek o) 5
Y oy > 0 F5 /N i, WIKHTE—Z % 0> oy, L, K500 B8

194 B AFHAR « 571k Software Technique * Algorithm

BTN S, 9T B P AR K, B4 B(x4.0)
(IR A S RTAT IR, IR A R
T AL AT IR (g,(x,A) e AL, SCHR11]42
NTFG)RER:
(@) =" wa)dz 3)

e, w(z) A2 1 (4) 7 SCH LA ik R 5L

_J0,z<0 4
wz) = ,z>0 3 )
L\
Jf H51H Sigmoid &%, y
L =k |
| S o a>0 ®)

W B AR, TR AR (g, ) B 1
Sigmoid & EL RS RIEAL, BIA3 2| (6)7:
(gx2) ~Qnia)=["""sza)
1 ()
=g.(x,A) +;log(1 + e s M)
HLUE ], XM VR AN G UL R B AR )
T AT R R R5CR.
F s R SR, AT IR ZE R EL S () M1 —2K
B eR AL H (k) AR ST [ BR ek B LRk £ R
BRI E 1) 5 An(7) NP, S SO R F I LR 35 1
pREL, HAEI CLY . Bk B G 1 s

1= ey \ ()

o

1 ARZERRHE () BE x At 2

LA A0 =0 Sy XRH, B .C0) IR0 A
ORI 0.5 15, BRALBRRFEAE. SR, FIbLv=0%
Hil, BRI 0T FRELPES 0.5 Mg,
B 2068 B H ) o BRHL) (TT BH k%18 1
P, Wi SR B H ().

B H ) 105 SR T 4677 ()R 5

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



2014 4 55234 % 10 ¥

http://www.c-s-a.org.cn

i EOHL R g N

Hx) =2+ (k) >0 ®)

Forp, ke HE BRI, RRECH (k) )5E 0N R, (E
B0 (0.1 WK, AR SUA, MERELER R, &
HEAE 7 R bR AL b R B 5 H X R ) A

X @)L, ERBIIAT R FIFANE

i XIHEOH(X’/‘):O, lxiB;lH(x’k):1/2 , XIEILH(X’]{)ZI-

AT IE A b, H(xk) 52k POES T, H
dH(x,k) ke  d*H(x,k) = 2k‘xe™"

Gk dx \/; ’ dx* \/;

iii. H(x,k) £ R |2 i i 1 ph 4.
2 A T Ma=k=1Rla=k=5K, wx),
s(x,a), H(x,k) B x 2840 1) 25

1

‘ kes—b 7 P
— Wy ",'/ I,ai—k=1,,.-/
I/ P
o0l | xa) s
---HxK) iTays
T
]
0.6/
0.4 A
.“ l“
/|
P
0.2r 0!214"/ I'I ;‘;,'I
Sl
o /a5
(Qlemczzze T L e g L

54 3 =2 4 0 1 2 3 4 s
X

2 w),s(xa), H(x.k) B x 2240 ik

AR, AEANRITECE, HGok) 8T wix) R L
SCHRLULT 1 sCra) SEIMWLSE, HWHOBOK, TR
.

(QF:w

¥

(gz'()cs/1))+ ~ 0, (x,45k) '

g J)i(x’l)H(Z,k)dz ©)
(et (e e k) de )

Hop, g6 /&g (ud) [ R %L 20, FIFA AT
T (g, (x,4)) " BIREALIR Qo (x, A,k) | AT LU ) J(2) e Ak
B i) i (10):

min P(x,4,p,k) = f(x,4)+ pi‘iQ2 (x,A,k) (10)
W%, XN F A BRE B >0, ff

B, FH(8)R ()R, [AG)RRES, T

Jim P(x, 4, p,k) = F,(x, 4, p)

2 e s A R AR E M

,&;_M_pimgi(,@@’k)w (11)
ox izl ox

y
&

af(x,l)_[afafL @,]T

- o, ox,” ox,
D). (%5 Ty BN
Ox, Ox, ox,,

T L TR AREN P, WE10)HE A
B, TR B RS F)— R A x A 3L
e b U R I, TS 0 28 I 28 B0 1 i 1
L i F 1) S5 AR

UERA: 1] S0 0) A DAV 1) A6 B 4% 2 D

OP(x,A,p,k) of (x,A m
(x, , s ) _ f(xa ) +p3 00, (x,4,k) -0 (12)
ox ox i=1 ox

]

o (xnA)  200,(x, Ak
f(ax )_pfé Q(ax ):

REFAEA Aela f1, (IDRIZHTERGER), WP i
SR (I3)30. PR, ()RR P 5 B 1) E(10)
A, e,

EEL 2. B (10) T PR R 17 T 5, TS
D0 2 28 (1) 30 AR AR B B P2,
[/, 58K BB, 2, 0. K) (19 R T 47 B
E - S

AR g PG A pok) Sy HHEE I SRR (1)U —
ANER R AL E (e, Ao k), TU:

0 (13)

dE(x,2,p,k) _ o (x,4) & i 0Q2(x,/1,k))&
di o PET
(T (0A) w00,k . (14)
B [ ox " pgi ox J)&
= (3 (- =—8&&0

1 (14) AT %, e R DR E . iE

iz HIRRA 7 i i AR, HI B b 8 I 2 Y o B
SRR W) R 2R, K S AU [, ]
By e A /NX ), A ER 9 2% 5 A (1) TS AEAS 4,
e H o bxom o Kow & O OH o, o
A=a+(B-a)jlr(G=0.LL.r)  PEAIEVLD B K5y

Software Technique * Algorithm #KfFHiA « Hk 195

http:/fwww.c-s-a.org.cn

© THEFEEBRETN



A /[N VA

http://www.c-s-a.org.cn

2014 4E 55234 % 10 ¥

Matlab /5 ¥t

Stepl BCEAIUA AL X, 2 dx/di=0;

Step2 WA IRE ]y n, & di=1/n;

Step3 w2 ATA T, Hp>0;

Step4 ¥k} 4L, Hk>0;

StepS K ZHIX [w] [er, B #4953 B r A, BEANX ] )
ke (B-a)/r;

Step6 EAMEHN, TFHABA VA A 4L, FE(1)
¥ LA

for j=1:r+1
fori=1l:n

I (x,A)
ox

F:_ )agL(xf'ﬂ/)

S H (g.(x, 1), k
) (g.(x,2) o

dx = Fdt,
dx = max(x + dx,0) — x;
end, g !
X(j) =% X A i Bh

end

3 HUETE
BT SR R )
min (4 =2-3)x +(2*+24-6)x,
st ox, <4+ 47
3x, +2x, <18—24°
X,%, 20
2€[0,3]
I R B AEN
. 0
vie[0,1.3], x"(A) = {9 _/12} R

Z(A)= -2 =227 +154> +184 - 54,

i %
6==27
vaell3,23], ¥ (D)= 3 ]
W O

3

z”(ﬂ,):_—%(l“ —A7)+82° —64-18,

Vie[23,3], x*(ﬂ)—{g , 2'(1)=0.

A SO T VA SR AR I 2 B AR )
¥, R Ly pr e 0 51 o6 8 P (x4, p0k)
FE %10 R A T 2T AR R S A e PRI )
min P(x,4,p,k)=-x] —3x; + piH(gi(x,/l),k)@

o,

196 #AFHAR « 53 Software Technique * Algorithm

g (x.x%, A)=x,-4-22<0
2 (XX, ) =3x, +2x, +24° —18<0
3(%,X, ) =—x, <0
g, (X%, A)=—x,<0
BNV S I 0 G DAL W AR D WS YA
LU USRS itk

oQ 09

S H (g (), k) B2

g {Ean e
% AP +21-6 iH(gigx,i)’k)agg;,ﬂ)

i=l

$ot e, TEE IR BT FTUA Y x, = (0,6, WA
AR =200, TN T p=4, X BEr=49,
Bk 4,=04+(3-0)/49(j=0,L,L ,49) = i ¥ = ¥
k=1000, fCABRIBEATIISE. I MATLAB HEATHiH
P, W 3-5 o TAEXIF[0,3] v, TS o2 o 2% 53
I3 SR 50 AN 2 A S B e R ) 7 ) e AR

5
S

45
a
350

* 3
X, 25
ol
15
nl
0.5

oS " 15 7 TR

SRR R
3 o B A A 0 R ik

—

4 -
=)

NR
ENI VS N Y SV B )

OO

05 1 T 4 Xy

A
K4 B2 2RO R 2k

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



2014 4 H$523% % 10 W)

http://www.c-s-a.org.cn

2N A1 N A

% 05 1 15 2 25 3

5 Pea) B 2 ALK AR 2k

W E AR A PRI UG, 38 B SCHRRILLTHR (0 07 7256 1%
BUHEAT 05 BLVH 5, 5 AR ST 3 7 VR v 4 AT
Tt

b, R 1 BoRT A€l 2] 16/\ R TS 285 o0)

LB 2
&1y BB LR

B AL SCHR[ILf Sty

! X X, X X, X X,

1.041 0.016 7.749 0.038 7.710 0.000 7.917
1.102  0.024 7.589 0.055 7.534 0.000 7.786
1.163  0.034 7.416 0.077 7.341 0.000 7.647
1.224 0.058 7.214 0.111 7.123 0.000 7.501
1.286 0.072 7.057 0.132 7.137 0.000 7.347
1.347 4732 0.036 4.688 0.090 4.791 0.000
1.408 4.621 0.028 4586 0.067 4.678 0.000
1.469 4503 0.022 4474 0.051 4561 0.000
1.531 4380 0.017 4355 0.040 4438 0.000
1.592 4250 0.013 4229 0.030 4.311 0.000
1.653 4.116 0.009 4.097 0.021 4.178 _0.000
1.714 3975 0.005 3.959 0.012 = 4.041  0.000
1.776  3.830 0. 002 3.81% 0.004  3.898  0.000
1.837  3.678 " 0. 000 3.665 0.000 3.751  0.000
1.898  3.520 0.000 3.505 0.000 3.599 0.000
1.959 3.356  0.000 3.340 0.000 3.441 0.000
M, BT LA TS VAR ST TR
B, ERCRILS ] .

4 e

AR SO SR B MR 1 LAY L A 57 B il
2o W26 7 AT T RS, Q03 M M H % 2 B B
1 Ay B B R BR B IE ARLBR B, T TR e 5 v e

AT, T g TP e PR N A 2 ) A
TR B KT T B L £ A 2R 45 A ]
1} DAL AT ABR MR/ R B, SRR S i, KOK
e TVFERCR. fda, BUE S U] T P4 kY 48 A

R AT PR Rk

S5 3k

1 HRE, KA, J 7KL T2 A SR R 28 o 4 SR 5 B ke vk
M SR L5 B PF,2000,26(2):39-41.

2 Wang ZQ, Shao ZJ, Fang Xueyi, Cherﬁ‘Weifeng, Wan IN. A
modified mnemonic enhancement,,optiﬁlization method for
solving paran}etﬁc nonlinear programming problems. 49th
IEEE Conference on Decision and Control. 2010. 2210-2214.

3 AR XUREZU A, S A IR 3 IR0 A F R
A HRAE,2007.

4 ST AL I B TR 0 1 BR B — 28 IR
PRZ LI . B 3116 224H],2003,29(5):755-760.

5 Zangwill WI. Nonlinear programming via penalty function.
Management Science, 1967, 13(5): 344-358.

6 Xu XS, Meng ZQ, Sun JW, Huang LG, Shen R. A
second-order smooth penalty function algorithm for
constrained  optimization
Optimization and Application, 2013, 55(1): 155-172.

7 AR, ST ARKYRS 0 51 R ) — R i L. R
Rl2f 5 324.2013,33(5):555-567.

A

8 Xu XS, Meng ZQ, Sun JW, Shen R. A-"penalty function

problems. Computational

method based on smoothlng lower order penalty function.
Journal of. Computatlonal and Applied Mathematics, 2011,
235(14). 4047-4058.

9 jiang M, Shen R, Xu XS, Meng ZQ. Second-Order
Smoothing Objective Penalty Function for Constrained
Optimization Problems. Numerical Functional Analysis and
Optimization, 2014, 35(3): 294-309.

10 FEFCH IR, FKOE A — JGEIT LT KSR pR

BN HCF241,2007,30(6):961-97 1.
11 KA 58, B AE R AN G QL IR DA PR I Dl T 0 i 10 R 2
(K1 IEH AL Bl R Gk 5 #°%,2000,20(4):499-505.
HEWRGH AT BELT L1 KSR T e S T eR B N T H
2010,23(2):363-369.

13 Effati S, Jafarzadeh M. A new nonlinear neural network for

v ek

solving a class of constrained parametric optimization
problems. Applied Mathematics and Computation, 2007,
186(1): 814-819.

Software Technique * Algorithm KfFHiA « ik 197

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



