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Abstract: Since nonsmooth optimization problems are difficult to solve by deterministic algorithms
based on subgradient information, the heuristic algorithm was considered. The optimization
mechanism and characteristics of the basic great deluge algorithm (GDA) were analyzed and the
solving steps were given as well. Then improved GDAs for unconstrained and box constrained
problems were proposed respectively, where the parameter up was omitted. For the unconstrained
case, the random walk algorithm with respect to neighborhood search was proposed. For the box
constrained case, the method of choosing a feasible initial point and a chaos optimization algorithm
with respect to neighborhood search were proposed. The improved GDAs were tested by taking
several typical nonsmooth optimization problems as examples and were compared with other
algorithms. The test results show that the improved GDAs are efficient and superior to other
algorithms mentioned in the paper. So it can be used as a practical method for solving nonsmooth

optimization problems.
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BT SRR BE T R ME R AT ™ F 5 e T
TS P . 5 TR o O Ak ) R 1% 53
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AbFE.

kK 552 (great deluge algorithm, GDA) & —
Tz BRI K AL S B s Bt K i b
BRI AR R AT 4 R 0 %A e B Dueck 1
1993 4% 145!, Dueck 7EF] Jf] threshold accepting
(TA BRI, BT AT Z AR &
XA, Hrp R RUK A . B SRR KA
1 (simulated annealing, SA) 5 % AHBL IR 45 44, (H
TEIE AT FE v 0 45 il 1) 42 52 R A ], L E B4R
KL T DS 80. fT H Pyat #R H 2R 8
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Dueck B 5 # Kk /K 5535 F TR 47 7 1) @
(traveling salesman problem, TSP) f% K fi# , i J5 [
PGP 0 R K SR AT TR ke
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Step 1 #jiafk

G EWIIRAIATIR x0 o THEE f(x0) s

BB WG KT 5 water_level , 4 water_
level ; = f(xy);

BEE KT TR EE up=>0;

WEERRE A count , BIEREF i:=1;

for i =1: count ,$4fT Step 2.

Step 2 fiifk

TE xo TR T AR 2R A xR o).

PAT if FIWrE )

if f(x)>water_level , |

B Xxo: = x, water_level ; = water_level + up.

End if

AT 1R i =i+ 1.

End for

Step 3 HiHh xo, f(x0).
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Fb s R AR SR 5 B S 9 0 2 X TP — 1 =
Boup. — BRIV, up MO, B2 A7 B H i
MY 0 2 5 [ Z s wp WOAE B/ S8 7 AR 1 i o
TR S IS 1T B AR . Dueck 38 2 5256 & 2
AT wp R up<<| f(x) — water_level | X
1% B, Hip f(x) B 25507 H bR BREUE, water_ level
SRy 8 K TR e
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x€R"
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Tk — s A AW LG A xo » SR G RHIBEMLA T A2 i
TR R AW BB AT RIS b 2 YR N
X W EERAEAL A xo =x + ud s H X N
PR die R G SR TT 1. Al d Bed )
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AT LA S50, 55— O 8 o R & s 174K
RS BA KR . N4 SR AR ()R (D) 2R
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(UCGDA)

Begin

R xos VR f (xo), & B UG KV TH = B
water_level , 2> water_level : = f(x,);

BEE LA count , 15 B AR R w4k
BAE R A m, EEAE T 0. =1

BEA for 1i5FF . for ¢ = 1. count.

AR m ANTEL - 11 Z BRI 51 53 A 1
HEREHLAS i w e G we BA0AE L2 di = uy/u |

BEEARIR AR 2,2 x = x0 + M, TR fr =
flxi). %A a:=min{f ‘ 1<<ksm} = fr,x: =x;.

PAT if HIHER) .if  a<water_level , M|

B xo: = x,water_level . = a.

End if
WEACRESE I 1 Ep4 i =i+ 1.
End for

s B AL FR xo FNIRARAE water_level .

End
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f(xl’xz): 9&?1""16‘%2" 0<x1<‘x1‘
9y +16] wy [—at, @ <0

Wb R xo = (3.2)7.
5] 2 Rosen-Suzuki K%Y
flx) = max fi(x)
fi(x) = af+ b +2x8 +wi—5w, —21ws + 72,
fo(x) = fiCx) +10Ca? + af +

xF F i -y s -y —8)
fy(x) = fi(ax) +10Ca} + 223 +
w3+ 2xf - x — ay — 10)
fi(x) = fie) + 102t + af +
x5 + 20, — Xy — x4 —5)
G SBEN X0 = (0,0,0,007.
5 3 Spiral ER%X
fGo = max {f1(x), f2())
fi(xo) = ey — vVt + xfcos
0.005Cx? + x3)
folx) = (ay —
0.005(x? + %)
W hA A %o = (1.411 831, —4.794 62)".

af + az)? +

x? + wdsin vl + wd)? +

®1 HpTHLE

Tab.1 Current optimal solution

%’WJ x*F f*x
1 (-1,007 -8
2 0,1,2, -DT —44
3 0,07 0

F2 KRMER
Tab.2 Calculated results
T T Folr i

UCGDA  (-0.999 2,0.000 1T —7.997 8 0.002 2

1 SA (=0.991 0,0.000 0)T =7.9971 0.0029
fminsearch  (—1.000 0,0.000 0T -7.9999 0.000 1
(0.0159,1.015 8,

UCGDA 1.984 2, —1.014 6)7 —43.9928 0.007 2
(0.024,1.046, _
2 SA 1.968. — 1.028)T 43.9811 0.0189
. (=0.032, -0.017, _ ., 4

fminsearch 1.294, —1.802)T 32.939 4 11.060 6
UCGDA (0.016 7,0.00T 1.49%x107°1.49x10°°

3 SA (1.412,-4.795"  0.1249 0.124 9

fminsearch (-1.30,1.788)T  0.024 849 0.024 85

LR R 2 B SR R AE R AT 4 B AT LR B
UCGDA 1y 5K fif A% B2 ¥ 06 T SA. bbb, 1 T
fminsearch iy Ry F 48 2R 530 1, HLSR i 45 SR 7™ MRS
THI A s B, YW 1 s R KA 3 I o 7 A=
BERRZE A 2. 1 AE SE PR [a] e B T R LA
R By Wi SR BORH S B H I HOh 1530425
It i Fl UCGDA. 25 &, 45 31 it B A i 1 4
SR AR Bk 2 AN R SR AR G T2 SRR Ak )
B — S T T s

Ryt — 2 0 b B W S B TE X water
level W47 HEHTHY , JRA] 4>
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water_level = min{ water_level + up, f(x)},

o, up <0 K F R
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min f(x)
s.t.alx<b
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HECHAZ T
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— 4 SR e A R T L HE A YR 1 3k )
P RIS 2 TR AR ok S TR AR )
PR 2RO s V2 1 Logistic Bes
FEh tioy = pt (L= t),i=1,2,-, Hrh o Ry
SH0<t, <1, 1 =4 WAL FoE R,

B AR i x(a<<x<<b)hy n Y|4, T =
{t; sty .} 2y Logical BRI p& %8> A5 B TR 7 41 H:
e (0=1,2, 08K n 4k B R

tiyg = 4t x (1 —t),
i =1,2,--,0<<t; <1 €))
o % FIR A 1] a8 1 X TG R AH I HA5 Rk
— n HER 0 FRTCERE SN0 MY n g1 FoR
TCEEN 1 n g, x 5 T BUE B 50 m
SARKH
ti = (x;—a)/(b—a),i = 1,2, @H)

(2

x;=a+t;.*b-a),1 =1,2,- (5)
Bl xSt >t =X >ty =X >t >, L
Hr, /ORI e R BT R AHRR A Ry — n
A ) .

FE LRI LA H SR A ) R (2) i HAR SR TR N
HE— 2B I PRI SGE AW TE G N BERL™ AR m
ANBL Xons Xog s o0 Xo, o THI XN A H bR oR EE
foi = Flxo)  1<<i<<m, i fo = min{ fy; | 1<<i <
my = fors 3R xo = xor. N AE DS IE R K A% 1)
L(2) AU R K Bk

BiE3 (&AW rn) B sk Rk K5
#:,BCGDA)
Begin

FE G PIBERLHE m A8 X010 s Xoz 5 20+ s Xou » T
HXF R BB for = f(x), 1<<i<<m,id fo =
min{ fo; ‘ 1<<i<m ) = for, B xo = xor. % x0 1E )
TEATAT R 4R (DK xo SRR TR £ 10 5

WHE W IR KV TH & water _ level , %
water_level : = fy;

WEERE LA count , BIEREF i:=1;

BEA for 1i5¥F . for ¢ = 1. count.

et ARt F OB £ WAL
X VPR fQep)) BT I R BTiEA

if f(x;i:)<<water_level |

B oXo: =X water_level ; = f(x;.1).

End if

AR 1B E i =i+ 1.

End for

i th B A xo FELIE water_level .

End
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Matlab {4k 1. EL 4 fiy 4> fmincon Fif 15 2% H E 17 %}
Lb. 2% 340 T HETRE R B A B A0 MR x " R (A
S =G ) R AP T AR EE R SRRA R X
=) SECE T 5 3(BCGDA) %
RS count H1 000, Sy i bRl 568 i 7550540
AR B B AR W AT 30 G N B AILAE L1004 £ . BIVHR

*3 HuRLER

Tab.3 Current optimal solution

X7 X £
4 (=2,-2)T -1.5
5 (—488.632,511.999)T 511.731 9
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Tab.4 Calculated results
GRS x* fr Lf* ==
BCGDA (=8, =" -1.500 0 0
4 SA (=8, =" -1.4999 0.0001
fmincon Qo =2)" -1.499 99 0.000 1

BCGDA (-488.587 0, —511.999 7)1 511.725 5 0.006 4
5 SA (-488.1317,511.149 7)™ 511.0722 0.659 7
fmincon (—512.000 0,486.908 1)T 488.843 1 22.888 8

m = 100; FHLE kB 5 fmincon 1S 80k BT
ELALBRIME . W1 U5 5 AR R G

51 4
min f(x,y) = 2|y — x| - ‘%_U +1
st — 22, - 2<y<?2
M E & 1 .
i 5

max f(x,y) =— wsin /[y +1—- xf »
cosV]y+1+ua] —(y+1) -
cos V]y+1—alsinv/]y+1+ ]
s.t. =512 <C e <C5H12, —512<C y<C5Hhl2
A E W E 2 s

O =N W R Ul =

|
—

1 f4dmEE
Fig.1 Surface figure of example 4

500
400
300
200
100

(=]

-100
-200
-300
-400
-500

2 5 thEE
Fig.2 Surface figure of example 5

T ZAE A BELR KL 5 fmincon
MIBATE R SYME R R AR T %Y, 45 % AR I PIE
BRI 25 R T 19 2030 45 3, & SE e
G AEE 100 A~ a o A rP i HB B O S AR S 0 s vT
i, Bl 4 B x = .07, fi] 5 B x, =
(—502.582 9,482.484 5)". ¥k 3 XW){H A U,
25 EANFIWIE S REAS B A AL

4 HERIE

AR X TCL R S 5 LR ARG LA ] 2
T BB U R R s Reds 1 R Kk P Rt
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