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Abstract

Knowing the fact that it is not an easy task to solve some small linear integer programming (L1P)
problems then the difficulty of solving nonlinear integer programming (NIP) problems becomes more
apparent. In this paper we introduce a sample small LIP that available commercia software can not
solve efficiently. We then present an efficient lexicographic partial enumeration method for solving
some small NIP problems. The method is easy to understand and implement, yet very effective in
dealing with many small NIP problems, including reliability optimization and spare allocation
problems. The algorithm is based on nondecreasing properties of the problem functions, and uses
function values only; it does not require continuity or differentiability of the problem functions. This
alows its use on problems whose functions cannot be expressed in closed algebraic form. As the title
indicates this method is applicable to small problems.
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(0,30) (0,10,10) (031 Y
(0,31 (0,310) (0,4,0) )
X =(0,4,0), f (x) =80 (0,10,10) (1,0,0) ¥
(1,0,0) (10,10,10) 101 Y
(1,01) (1,010) 110 )
(110) (11010) @13 v
(1.11) (11,10) (1,2,0) )
(1,2,0) (110,10) (.27 v
(1,27 (1,2.10) (1.30) )
X =(130), f(Xx)=48 (110,10) (2,0,0) ¥
(2,0,0) (10,10,10) (2,01 Y
(200 (2,010) (21,0) )
(21,0) (2,10,10) (211 Y
X=(211), f (X) =32 (2,110) (2,2,0) ¥
(2,2,0) (30,0 )
(3,0,0) 5)l5 5429 \

oS > gy ol sl eslizal b1y (V) Jse s ojlel ¥ e

2 o) s oM &S cul osd o 8+ BY GIU (gl dllus cpl 33,5 3olo Jgl cudgasme b sl cawl oV JBl ao U lade
Sapglar 39y (0 Vb Gl 4y o oloj U (58, Vb b 45395 (o0 (3idg) JolS' )led S loj i 2 o5 b ol ol Y Jg
ol ods 436 5 o] ed bylesd o ooy ilde 13 Jg ol odd Gy B9 ¥ paiy g9y p cesl £ 4 Sodp U =Y gl
sy o los 350 0 150 den )3 ol Canl o pbmil ews 5led w g JolS i)l pa &S U ST polio gl a5 395 an g5
550

AT o leg (sl 5 ol 305 igie by (sl (IS Giolad 53 s ol (g Y bl W51 555 sle U o

ol 04 &L g5
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8
2 o dnse 5 015 plosl sy tlais N = [ [(50+1) = 45,767,944,570,401 L U =8+ ol o 5l o

s Ml ole VY dgas olS yislads o yloj ez 1 100,800 (awyp JolS (o jleud p> alads Voo o ver v s

=

s o 4B Y e iyled o loj b deslie B a8 wil o VY Luyas NA((F)(YE)(XS+ +)(Ver » oan v +)) o
Fo5 N9y J> gloj 8 VO SIU sl (Jg )15 e39m0 gy J> (e W BV JIU (el o8 395 (oo e Mo ¥ Jgio 31 g
sn o Sl b g) SUll e 3 S0 g gl B b e U ol eyl sl oS sl pol el s amd oo L |,
235 )5 ookl 3590 3L Ban b )90 ;0 ) 0aelB bl 0033,5 om ol (il g Bl 0 093 Sl slagles (o) ]

e 3 3 1) 5 st ity g8 Jue ¥ Jle

Maximize f (x) = x +3x2 +5x% —5x; —3x;
= Minimize — f(x)= f(x)— f,(X) = (56X +3x%) — (X* + 3x5 +5x%7)

5
Subject to: Z a;X; = 366X, + 855X, + 611x, +123x, +122x, = 20770
j=1

x>0and x integer
Al e @b 9> Jolis g0 4y 5 0,5 bt oS 90 4 15 Lo & sl ditir ©y50 4 Gan b pgSde oSyl Jae
Sloz o9y ol 5 ool b s o3l g b a8 ol QI =Y e codgazme plod )] (ialS pé Codgame S oo Jhai )

Al ecwnabfr o Xx=(5 0 0 152 2),—f(x)=-115533= f(x) =115533, iy,

cilee gl U gl (IV) Jso & by mls ¥ Jge

wba > ol sl Gin ol i | e LB JSoas | T
&b G . . YL
—T . e g CHP 3 S Sl Jatees
(.)“”)"“"";3 u")LM dAj ujL.éJ] N = (U +1)8 La’)""‘“
Ges | s | T(X) ’ u
0.0 234 18,698 | (7,4,7,7,71,477) 31,152 16,777,216 7
0.2 58.7 8,947 | (8,6,3,7,82,88) 75,016 43,046,721 8
0.3 130.7 | 3,618 | (8,7,0,8,9,0,9,9 265,266 100,000,000 9
0.3 273.3 2,176 | (6,7,0,8,9,0,10,10) 1,049,533 214,358,881 10
04 | 5451 | 1,458 |(4,7,089,011,11) | 4,194,654 429,981,696 11
04 1033.3 | 1,063 | (3,7,0,8,8,0,12,12) 16,777,521 815,730,721 12
0.5 1865.4 890 |(2,7,0,8,7,0,13,13) 4,194,659 1,475,789,056 13
0.9 5429.1 816 | (2,6,0,8,51,14,14) 1,048,985 2,562,890,625 14
1.8 8806.2 762 | (2,6,0,6,2,4,15,15) 262,611 4,294,967,296 15
3.7 |139265| 744 |(2,6,0,4,0,6,16,16) 66,065 6,975,757,441 16
6.0 | 214614 | 741 |(1,6,04,0,6,16,17) 16,979 11,019,960,576 17
8.9 Frx 736 | (2,6,0,4,0,6,18,14) 4,761 16,983,563,041 18
11.8 ok 724 | (2,6,0,5,0,6,19,12) 1,763 25,600,000,000 19
14.5 Frx 708 | (2,6,0,5,0,6,20,11) 1,073 37,822,859,361 20
16.9 Frx 688 | (2,6,0,5,0,6,21,10) 963 54,875,873,536 21
184 ok 664 (2,6,0,5,0,6,22,9) 1,001 78,310,985,281 22
19.3 Frx 634 (2,6,0,6,0,6,23,7) 1,079 110,075,314,176 | 23
19.6 ok 600 (2,6,0,6,0,6,24,6) 1,170 152,587,890,625 | 24

13




Ilul]u

Q

LU

¥

4th International Industrial Engineering Conference

liseo sl U (6l (lV) Je &y bgyyo ol Y Jod ol

4l 4 Jo b i‘m gl Bam b lade | ceSe BB S0l oYL s
s wate s S P G s e
ol | philed | S 5Ll N =(u+1° u
[T
s | Jls | (X
19.1 el 562 | (2,6,0,6,0,6,25,5) 1,168 208,827,064,576 25
183 | = | 520 |(2,6,06,0,6,264) 1,162 282,429536,481 | 26
16.7 ok 472 | (2,6,0,7,0,6,27,2) 67,110,327 377,801,998,336 27
14.7 e 420 |(2,6,0,7,0,6,28,1) 16,778,789 500,246,412,961 28
12.4 Frk 364 | (2,6,0,7,0,6,29,0) 4,195,991 656,100,000,000 29
10.3 el 312 | (2,6,0,6,0,6,30,0) 1,050,381 852,891,037,441 30
8.1 ok 268 | (2,6,0,5,0,6,31,0) 264,071 1,099,511,627,776 31
6.2 el 232 | (2,6,0,4,0,6,32,0) 67,589 1,406,408,618,241 32
a7 | | 197 |(1,60406330)| 18567 1,785,793,904,896 | 33
3.5 il 165 |(1,5,0,4,0,6,34,0) 6,413 2,251,875,390,625 34
25 | = | 133 [(150405350)| 3479 2,821,109,907,456 | 35
1.8 Frk 105 |(1,5,0,3,0,5,36,0) 2,853 3,512,479,453,921 36
12 | = | 8 |(15020537.0) 2,807 4,347,792,138,49 | 37
0.9 ok 69 (1,4,0,2,0,5,38,0) 2,909 5,352,009,260,481 38
06 | * | 53 |(140,204,390) 3,051 6,553,600,000,000 | 39
04 | = | 41 (140,104,400 3,206 7,984,925,229,121 | 40
0.3 ok 33 (1,3,0,1,0,4,41,0) 3,204 9,682,651,996,416 41
0.2 rxk 25 (1,3,0,1,0,3,42,0) 3,198 11,688,200,277,601 | 42
0.3 ok 20 (0,3,0,1,0,3,43,0) 3,188 14,048,223,625,216 | 43
02 | * | 16 |(020,103440) 3,174 16,815,125,390,625 | 44
01 | = | 12 [(020003450)| 3156 20,047,612,231,936 | 45
01 | * | 8 (020002460 3,134 23,811,286,661,761 | 46
03 | ™ | 6 [(020001470)| 3108 28,179,280,429,056 | 47
02 | * | 5 |(020,000480) 3,078 33,232,930,569,601 | 48
02 | * | 5 ](020000480) 3,044 39,062,500,000,000 | 49
03 | = | 5 (020000480 3,006 45,767,944,570,401 | 50
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