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Abstract

This study is concerned with developing a heuristic algorithm for solving a class of nonlinear
integer programs(NLIP). Exact algorithms for solving a NLIP either may not exist, or may
take an unrealistically large amount of computing time. This study develops a new heuristic,
the Excursion Algorithm(EA), for solving a class of NLIP's. It turns out that excursions over a
bounded feasible and/or infeasible regio is effective in alleviation the risks of being trapped at
a local optimum.

The developed EA is applied to the redundancy optimization problems for improving the sys-
tem safety, and is compared with other existing heuristic methods. We also include sirnulated
annealing(SA) method in the comparision experiment due to its popularity for solving complex
combinatorial problems. computational results indicate that the proposed EA performs consis-
tently better than the other in terms of solution quality, with moderate increase in computing
time. Therefore, the proposed EA is believed to be an attractive alternative to other heuristic
methods.
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G4 22 7o)
. x=x. E=F=¢.
cx=x(+4)=(2,2,2,2,1).
1651 =3<A1=6.
. E=EUx={@3,2,2,2, 1.
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.x€EFR. ¥=(3,2,2,1,1). ¥ NAH R &L
. Rs(x)=Rs(x"),
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E=¢. ¢4 322 71},
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1651 =5<A1=6.
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x€EF. x=x(-1)=(3,2, 2,2, 1).
E=¢. @4 322 7t}
- x=x(+3)=1{(3, 2, 3,2, 1)}
161 =5<A1=6.
. E=EUx={(3, 2, 3, 2, 1)}.
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. x¢R. A 42 P}
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x=x=(3,2,2,1, 1).
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(3,2,3,2,1),(2,2 3,2, 1).
E=¢. %4 322 7it}.
- x=x(+4)=(@3, 2, 2, 2, 1)}.
1651 =3<A1=6.
.E=Eex=({(3,2,2,2, 1).
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(2,2,3,2, 1))
E=¢. 94 302 3t}
cx=x(+3)=(3,2, 3,2, 1.
161 =5<A1=6.
.E=EUx={(3,2,3,2, 1}
x€F. F=FUE=({(3,2,2,2,1),(3,2,3,2, 1),
(2,2,3,2,1).
E=¢. G4 32 7}

3. x=x(+4)=(3,2, 3, 3, 1).
151 =8>A1=6. A 72 7}c}.
7. F& x*=x=(3,2,2, 1, 1).

HHd = 2*=(3, 2, 2, 1, 1)o] 8], Rs(x*)=
0.99320|t}. ©] &= Kohda/Inoue[9]9] 4] global
HAH Aol WA Ut Shi[1815 % 22 H A3
& 7R Y. 28, Aggarwal[1]& global 3] 3
3 Hr} 23 R:=0.992191(2, 1, 3, 2, )T+L 73}
. el A 1o 8} two — phase ¥y o o)&) 73t
74zt & 27188 71X 3 EAS 108 A28 3
3}, 69 9] lobal H A E FL 5 YUAH< E 1>
ZF=x). ‘

3.2 ox 2

th <& Shi(18]d14 maE A Ao 2 A, com-
plex HEf A9 22 <9 7>3 2}

A9 Fxo dF FEHA BA=

Maximize

Rs(x)=Ri(x1)+ Q1(x1)R2(x2)R4(xs)

+@Q1(x1)R2(x2)R3(x3)Q4(x4)
subject to

<E 1> oH| 12 10712 Z7|afol| i3t % X&)
2718 Rs(x%) A3 Rs(x*)

1.(22122) 0.9765 32211) 0.9932
2.(11414) 0.9689 (22311) 0.9923
3.(31312) 0.9695 (32211) 0.9932
4.(11323) 0.9893 (22311 09923
5.(31221) 0.9932 32211) 0.9932
6.(32211) 0.9932 32211) 0.9932
7.(12222) 0.9802 (22311 0.9923
8.(22311) 0.9923 (22311 09923
9.(311186) 0.9634 32211) 0.9932
10.31214) 0.9684 (32211  0.9932

e
= S
el

<13 7> Complex A|AEQ| of
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[RREER]
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<
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() olq Yt | e
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<23 8> ofix| 22| EfMZAR

<E 2> o|x| 22 107H2| Z7|sHol ChEt = = &)

2718 Rs(x°) ERL Rs(x*)
1.(2213) 0.9970 3111 0.9974
2.(1143) 0.9499 (1323) 0.9961
3.(2222) 0.9971 3111) 0.9974
4.3111) 0.9974 3111 0.9974
5.(1323) 0.9961 (1323) 0.9961
6.(1314) 0.9960 (1314) 0.9960
7.(2114) 0.9899 3111 0.9974
8.(1421) 0.9929 (1323) 0.9961
9.(2123) 0.9899 3111 0.9974

10.(1242) 0.9873 (1323) 0.9961

4, HFE HAYHZH
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Processor)?] TMS320C30 2/12 TAHE ¢
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<% 9> Algorithm X2| ¥ 8 Accelerator?| 22{%

n=17,10, 152 VM EY A 31 2& qgigon, <X
3> Yehd le 12717 9] 3ol tidley 2zt
102AY S AP 3HA T3

A71A, wie bigtE F37] A& Y4 (random
number)2 A bj=wj xiélcji olt}.

Zt BAle 2 (PDe 2o, Ak e g3
22358 2Pt

iélcjmgbj,j= 1,2 -, m.

a3, A e F52 e dehde A28
9] A% rie(0.6, 0.8), A %A 9 AF cie(0,
100)2] ¥ 9] 9] F4=(uniform random number)=
4zt FRYoh E bk b=wx L2 ANSE
o, wie(l.5, 2.5)9] ti ZFe WA 2.5, 3.5)9
oA 2 H 9 32 el

2A g4 A% 844 RsE recursive dis-
joint product W[12]o]] o]&dtd T2 aPste] A
2ol VEY A 724 BF A Yy 7
g T UA=EF AT o E 501, <29 10> 9] (a)
o g A= 4L 25 Ad Yeht it

2 dFelA A3 EAS) A5 71&9) T &
w7 4 ] (Shi, Kohda/Inoue)#} % ] m &} o).
53], Kohda/Inoue®] &12]&e 3 HA s
B = HEE Szt st EAS 2 =gt
A 243 Rol7] g Boll FAUE ¥l hAo|d,
Shig] ¢dn2FL A9 g Ede G AF
B ARAILE Fol]7] Y8 &4 2(minimal

@ n=7

© n=15
<38 10> HUANHEF 9%t AlaHo 2x

<¥ 3> 127}%x|2| =t}

n=7 n=10 n=15
s 1.5<wj<25 @ ® ®
2.5<wj<3.5 ® ® ®
e 1.5<wj<2.5 @ ®
25<wj<3.5 ®@ @ ®

path)E A3 Wiol B2 vl w iAol XA
o}, =% F 2| combinatiorial optimization &
A EAA ez vauA AF ALEH e
SA(Simulated annealing)¥ & v thAte] X
FAAH Al 2dlo] FEAHA FAo] thF SA9
ZA % Al ¥ Boll 250 It} 99 47}
A @&t wh3(Shi, Kohda/Inoue, EA, SA)E ¢
9] 127§ 9] 2%l st 2zt 1024 4] (% 1208
A)E & AT AA L gFZ2A A 2 A
& Alad o2 A gsta

H] 2t 49 Kohda/Inoue[9]4}Y o) A1 Naka-
gawa/Nakashima[16]%'3 & Al£3ld 2718 &
TR W&o, TLE ZA0A 99 471=] uhy
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<HE4> YA YYol 5w

T

Problem Size nXm

7x1 75 10x1

10x5 15x1 15%x5

Wi Wi Wi

Wi Wi W;

15-25 | 25-35 | 15-25 | 25-35 | 1.5-25 | 25-35 | 15-25 | 25-85 | 15-25 | 25-35 | 15-25 [ 25-35

A 0.01229 A 0.00194 A 0.02269 |A 0.00369 [A 0.05789] A 0.00728|A 0.01722|A 0.00404|A 0.09896|A 0.02070| A 0.07150 |A 0.01227
M0.03718 | M 0.00542 | M 0.12476 M 0.01495 | M 0.17357| M 0.02621 | M 0.04065 | M 0.02092 | M 0.20495 | M 0.05475 | M 0.15827 |M 0.02365

Shi 1oy joo0 |o2i0 (0w |0010 |00 |owie |0010 |oow |0010 [Ov |0 010
TO002 |T002 ([TO003 |T004 |TOIl |TO018 |T008 |T013 |T037 |[T05 |Tol4 |To023
Kopdy | 000312 A 000007 |A 000317 |A 0.00033 |A 0.00027| A 0.00008]|A 0.00282| A 0.00015|A 0.00086 A 0.00001, A 0.00148 (A 000016
I o/ M0.02686 | M 0.00053 | M 0.01977 |M 0.00207 | M 0.00212( M 0.00069| M 0.01527 | M 0.00085 { M 0.00857 | M 0.00001 | M 0.01316 | M 0.00091
€ lowo om0 om0 |om0 |oew |06 |07 |os0 0910 (0910 |0710 |0 810
T007 |TO013 |[TO0068 |(TOI5 [T068 |[T120 |T037 |T083 |T270 |T467 |T121 |T2m
A 0.00026 |A 0.00001 A 0.00087|A 0.00024|A 00 [A00 |A000039|A00 |A0O [A00 |A 0.00085(A 00
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Nakangawa/Nakashimap[16] ¥ o] o]3) 233}
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Z 1208 Ao i3t 9o} 4714 H & A 83
A3 <FE 4> 5 Hol k. <F 4>t
<3 2L G| &5 98 Fel§ Aol
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1 0, .
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Mi=max .{(R}— Riy)/R}
J
Oi=1084] FolAX Wy iz} 714 $ 8 2
2Ly

T =37 CPU time(sec)
o714,
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R; : jAR 249 global 2 &) o] AL}, 4717
o] Wby ol o3 22 Ryol Huix.
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ok 2ot -
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i oA AL ¢ F ok 28 3, Shi
o] W3 SAE EAY Kohda/Inoue ol
3 gAate o] A4 dojxe AL B
g At}

2. A1ZF Tol] thajA &, Shiel whyo] 714 &
AFE FPA|3to] AaEW, SA HFEH ¢
A|7to] MY Ao}t &, EAx Kohda/Inoue
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= AL 4 F Uk
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oo, £ EAE A A9 QtHEE o|7] 9§
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3ot

EA9 Js & vadrga AIdx d448
disjoint product[12]*}g ] oj&f =z 2133}ty
HEZ9 7 27 F¥(minimal path set)Tt
A QAT F IA Az, AP & 72
FTHAAZAE n&os 298] 9% g2
ZA A o AGAIAR S HA st ) Ee] @
23 AYEL A2 AR FEoFANAN K43 O
o2 T4 Y SALRYEY 1 5Ly
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22 A Complex A|AH|Q| AR|T B4

B A 7oA s)¢§ EAd| A= complex A 2H]
o] A 44 disjoint product WH[12]e]
o3t ATt 231, o] & T2 Y3 EA v
E9 =39 AP A2 A§(minimal path set)el] &
g AR YEsid A s Fed S FE F IS
£ 3o

<29 10> 9] (a)oll hE A x T2 05
I o] .

Rs(x)=Ri(x1)R2(x2)R3(x3)
+ Ri(x1)Q2(x2)R4(x4)R7(x7)
+ Ri(x1)R2(x2)Q3(x3)R4(x4)R7(x7)
+Q1(x1)R5(x5)Re(x6)R7(x7)
+ R1(x1)Q2(x2)Q4(x4)R5(x5)Re(xxes )R 7(x7)
+ R1(x1)Q2(x2)Q3(x3)Q4(x4)R5(x5)Re(x6)R7(x7)
+Q1(x1)R2(x2)R3(x3)R4(x4)Rs5(x5)Re(x6)R7(x7)

2 £ B. Simulated/annealing(SA)
Algorithm

SAE Metropolis[13]e)] 2jaiA] Aoz A<t
Hgon, o] dnE]lZFL Fd VLSIS AAEA
1} Travelling Salesman Problemo] th 3} &3] o

2 AHEE AT SAe] dwtAEQl T+ Cernyl2]
o AFH e, o1& TAZ & AFA Al
2d 9] ZE A7 243 SAe] FH A dAE
o3 2.
0. 2718 x°& FA ¥} 271 2% T=0.001.
x=x° x=x".
1. itertion®] = N=1.
2. i=1.
3. j#iQ [1, nJAtel o) A4 j& AP3A A4
t}.
x=x(+1). x=x(-j). D=Rs(x) — Rs(x°).
4. D>00]9, @A 52 7t}
D<00]¥ (0, 1) Abo] 9] Y4 (random unm-
ber) US F&t}.
U<eP'To] |, &4 52 Itk
Uzel'Told, i=i+1. @4 622 3t}
5. x=x,i=i+1
6. i>no|H, &4 72 It}
i<no|®, @A 302 it}
7. N=N+1. N>1000°]| ¥, &4 8% it}
N<10000]9, &4 22 zich
8. T=T/10. T<0.00005°]H, ©A 9= 3t}
T>0.00005°] %, &4 12 ztc}.
9. 29, x*=x, Rs(x*)=Rs(x)
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