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Decision solving algorithm for multiple optimal solution

combinatorial optimization problem

HU Zhenzhen, YUAN Weilin, LUO Junren, ZOU Mingwo, CHEN Jing
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract; Oriented to the combinatorial optimization problem with fixed sum of goods and multiple optimal solutions, the problem formulation

was given by two examples: the fixed sum real number subset problem and buying wings problem. A integer state and a real number state multi-

optimal solution dynamic programming algorithm based on 0 — 1 decision recursive search was put forward on the foundation of analysis of some

classical methods like enumeration. In order to cope with the problem of time complexity tending to the extreme O(m") when the number of optimal

solutions is large for the proposed algorithms, two improved algorithms, the same decision path fusion algorithm and the 0 — x decision based

algorithm were proposed. The computation time of the improved algorithms is consistent with the proportional relation with O(nb +nm) on the whole

in experiments, which indicates that these algorithms have good performance for this type of problem.
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Find all x = arg(cx =84.03)
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Find all x =arg(min(vx))
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it M i Mg i ks
4 4.55 18 20.40 35 39.15
5 5.70 19 21.55 40 44.80
6 6.80 20 22.70 45 50. 50
7 7.95 21 23.80 50 55 60
9.10 22 24.95 60 67.00
9 10.20 23 26.10
70 78.30
10 11.35 24 27.25
75 83.45
11 12.50 25 27.80
80 89.10
12 13.60 26 28.95
90 100. 45
13 14.75 27 30.10
100 111.25
14 15.90 28 31.20
125 139.00
15 17.00 29 32.35
16 18.15 30 33.50 150 166.85
17 19.30 200 222.50

FERE L [ B SR T SR R — 2
B DA A 2 SR A2 IR, {EL T DASE 4 o fee p Ak
T 70 5 g I X6 520 [ 0 ) — s o O 000 e T A, 2
SR 3K T 7 5 A S Y [w) I ol 7 46 2% B AC AR
/o
2.2 MEFBEREE

MEE MR e 2 U is 4L A oA
FLURIL o LA E B SE BT S R i, 51 A
— XA AN RS, 3 (3) 19 24 5[] R i 4
A=A, s (5) Frs o X e SRl ) B
BOAE s, nT LB no= 14 A28 (BB 1)
0 — 1 AR RO (PR3 TR] AL

Find all x = arg(max(ex))
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¢=(8.05,6.98,6.19,5,22.96,4.71,4.74,
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Fig.1 Searching tree of implicit enumeration method
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Loop solving structure for sequential recursion



553 1 BYRAE , 55 « T 1] 22 SR (I gk 201 45 D10 A ) R 0y DR SRR A B0k 35
%g 0 1 2 3 4 5 6 7
5,=0
1 — oo — — oo — oo —oco — oo — oo
1R 5 5 5 5 " ;
s =0 8= r pN < »"2=2 i e *"2:3’ i - 52:4 hN o ’5'2:5 Sz=7
2| e |k | make | Fomakn | Femakn s | Yoemaen s Jmak(n -
£ AN | A6 | A6 £ A S
5,70 s 574 ) 5,71
3 . {;2111ax/ 2x,+ \Lﬁﬁax(/zizf - _[fmax'(rl\';r RRE m;x;(ler
£(5) ) FE £
\ S ‘("4:7
4 )fﬂlax 3x,+ ffmax;(3x;+
— ./;(x}»\ """ )
s=7
5 fin (4 W
T~ T /£

&l 3

Iy i 3t U1 SR i 45

Fig.3 Recursive solving structure for sequential recursion
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Integer state multi-optimal solution dynamic

programming algorithm

T8 o M, 0 ME, b 5L, p BB, s IRAS S HE AR R
B, res 2R
for p=1ton do:
for s= 0to b do:
Aplls] =max(olp-1] +f[p-1][s-c[p-
L] /lp-1]1[s])

function findX(p,s,res) :

#ER

#AT R

if s= =0 return res

it flplls]==flp-11ls-clp-1]]+v[p-1]:
nres = copy (res) ; nres. append(p)
findX(p—1,s—c[p-1],nres)

if f{plls]==flp-1][s]: findX(p-1,s,res)




- 36 e AN o 4

5544

OIMTRE I A R TR AR S B A A 0
L A IR RS AR R S BUIR S B 4 , 1] L5 (i 4 )
B (31 3% ) Bidlas 25 44 SR AT S48 A ( H A e
BOARE, I 0] 5] iR B R 5 5 Bk R
BrEHR s o (IR XF T (3) KRR A 52 K]
AL [y BOZ BT T (3R (FAR S A S8
AMETFIR . T 3 S MU i A 5 8, 2%
JENUy 3B HE IR ER A5 48, Bt X0 1k i i — PR 2
SRR BIR IS 20 S 1) 400 254
B D A S RO R B AR ZS A D 7 i
key i, 53k 2 P

B2 KEREHESRABRITAREZE
Alg.2  Real number state multi-optimal solution dynamic

programming algorithm

TE: U, I0ME, b IO 5, p BB, s IRAS S HE R pR
B res B 2 PR, D Oy x IO {EIR

f=[10.0:0.0f ] #ILE N UL SR
forp=1tondo: #HFE
J-append({ ) ; #IMAZS L

fori= 1tolen(f[p-1]) do:
s=list(f[p-1]. keys)[i]
for x in D do:
So=flp-1][s]+vlp-1lass=s+c[p-1]x
if s<b &&seflpl: flplls] =f
if s<b && seflpl: fiplls] =max(foflp]ls])
function findX(p,s,res) : #A5
if s = =0. return res
iffIplls]=flp-1]ls-clp-11]+v[p-1]<e:
nres = copy (res) ; nres. append(p)
findX(p-1,s—c[p—-1],nres)
if fplls] —flp-1][s] <e: findX(p -1,s,res)
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80 ! B : seq MR (PRALRTTS)
~ ,": *
%60' h minf =f] =1][ =1], roots =[], seq=1[]
% ‘ l‘\ for p=n to 0 do:
40F \
‘\\ for s =0 to b do:
20b J \‘\\ ifs+c[p]==b&&flp][s] +v[p] = =minf,
- . roots. append ([ p,s./(p][s],[e[p]]])
0 b — :
. . . . . . for root in roots do:
0 50 100 150 200 250
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Fig.4 Computation time of cases with

small number of optimal solutions

3.1 EFHRRREEREHFNMHEZX

TARATAR B IR AE S R RO B 2 W R L
TR A B AT RE S m” I R . X
JE R R M B AR 2 HL BERCR AR K, £ 1]
WA ARTRESIE MU TR n 2 m X
) AL, 33 SRR IR RE RG-S 188 XS
SR, e L 0 R 69, A Hin AR S vk R
2R 67.1 s; WK 192 H XS, 5 f il K A
300, THEEAFRIE 35 2 874. 7 s S ARTF AN #5257 .

AR TR 4R A P AR 1) 45 0 1) AL i
MBS m S 13 1, IR LR DA T 85 ) e 5 i B
ok AR S A A T T R s . AR T
TRl RIS R SR T 0 — 1 P o S g, Horp— s
I B 118 S e WA KA TR B XS S A, BRI 3
SOl B iV AR A . SR R X LA 7 4 2
FfaI L, RREEAH RV PR A2 5 01 IR A R
25 [BPRE 2 R FE VN o 3 F 3K B AH Rl R 45 A
FERBGHE R , AT SR S8 A e R S, Ik 3
FER o

T 3 D MU TR I R R
LR OGS A ) e SR AR T i AT T MK
[ R T R Bt Bk S R R T R
6] FL AN & 5 e, Al LL R 3 ik 4 v A e R
SR AT B 1 R, R R O A R A
LA 1B A S R Bk BR P K

6 45 H T 4 ~300 XS5 ) 151 e it
BPATE R R S5 R RV E S, TR A
RAECR AR FR BB RLEARSF A 0 (nb + nm)
14 1E FE A T T v e 28 R AR i i it Ak T T i
SRS ) | {HLR o A B B I — 5 I L L
it A 5 2 DUl 5B, AEL AR REATY T 4232

while opened do:

node = opened. pop( )

if node[ 1] =0&& node[ 3] ¢ seq:seq. append

(node[3])
if node[ 1] 0.
for p =node[0] to 0 do:
for s = 0 to node[ 1] do:
if s+c[p] =node[1] & & f[p][s] +v[p] =

node[ 2] :
newnd = copy(node[3])
newnd. append(c[p])
if newpath ¢ opened:
opened. append( [ p,s,fLp][s],newnd])
120
- O— TYUSR BRI S
Look —o— HHE YRR A I M O
AR B RAG VI 1)
80F 1
2 i "
= '
= 60 1}
ik {3
= \
401 ‘l‘
‘*\
20} %
] \*\\
Of tmeseeeoe—u—e .'AI‘lA."t\_: i = s =
0 50 100 150 200 250
[PSLE2E g5

Bl5  BOAR S IR TR AR A He
Fig.5 Computation time comparison between

improved algorithm and original algorithm
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Fig.6 Relation of computation time to

solution number for improved algorithm

TEOLT [ I IR] 52 A% B2 o PRI 2% Rf ] R A A2 Sy
[0,b/¢; | RFETAIEL, He b B4 B BOR g2 19 iz
KA b/, BRI (1) B
Find all x = arg(min(vx) )
cx=b
c=(4,---,200)
v=(4.55,---,222.5)
,xj,---,x”)T,xje [0,b/¢;]
(11)
XA ERHE RS A O — v P A /L B
AT SR B BB, A i) B AR R IR IR TR
AR R B e 261 R B S B, T3 )
AR ANGE, HET 0 — o PR ATy 2 5
WA 4 iR,

s. t.

x= (o

Hitd4 BEF0-» RRWOBHEZE

Alg.4  Improved algorithm based on 0 —x decision

T o M0 BrMH, b B FE,p BB, s IRASf FE AR R

B, res 4t
for p=1ton do:
for s =0 to b do:
Splls) =min([olp-1]x+f[p-1][s-clp-
1]] forx=0tob/c[p-1]ifs—c[p-

R

1]x=0])
function findX(p,s,res) ; #&5 %
if s = =0. return res

for x =0 to b/c[p-1] do:
ifs—c[p-1]x=0;
it flplls]=flp-1][s—clp-1]x] +o[p-1]:
nres = copy(res) ;
if x >0 nres. extend([c¢[p -] ]x)
findX(p—1,s—c[p—1]x,nres)
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Fig.7 Searching path difference between 0 — 1 and
0 —x decision
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Fig. 8 Relation of computation time to solution number for

improved algorithm based on 0 — x decision
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