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A Heuristic Algorithm for the Two-Dimensional Bin
Packing Problem Using a Fitness Function

Yong Ho Yon" - Sun Young Lee™ - Jong Yun Lee™

ABSTRACT

The two-dimensional bin packing problem(2D-BPP) has been known to be NP-hard, and it is difficult to solve the problem exactly.
Many approximation methods, such as genetic algorithm, simulated annealing and tabu search etc, have been also proposed to gain better
solutions. However, the existing approximation algorithms, such as branch-and-bound and tabu search, have shown the low efficiency and
the long execution time due to a large of iterations. To solve these problems, we first define the fitness function to simplify and increase
the utility of algorithm. The function decides whether an item is packed into a given area, and as an important information for a packing
strategy, the number of subarea that can accommodate a given item is obtained from the variant of the fitness function. Then we present
a heuristic algorithm BP for 2D bin packing, constructed by the fitness function and subarea. Finally, the effectiveness of the proposed
algorithm will be expressed by the comparison experiments with the heuristic and the metaheuristic of the literatures. As comparing with
existing heuristic algorithms and metaheuristic algorithms, it has been found that the packing rate of algorithm BP is the same as 97% as
existing heuristic algorithms, FFF and FBS, or better than them. Also, it has been shown the same as 86% as tabu search algorithm or
better.

Keywords : Cutting, Bin Packing, Heuristic Algorithm, Metaheuristic Algorithm, Rabu Search
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Algorithm BP: Wx H Q! MEAN JHHE =& =M

input w, #, J={1,2,--,n}

output 72l MELR|, HELol

0 begin;

1 sort items by non-increasing height;

2 while J= @ do

3 S:={(0,0;H)};

4 while = @ do

5 select the subarea (x, y;1) in S which has the smallest z-value;

6 if there are many subareas which have the smallest z-value then

7 select the subarea with the smallest y-value;

8 endif;

9 if |7,/=0 then

10 select the item k= (w,,h,) in J, that has the smallest |.5,| value;

11 if there are many items then

12 select one that has the largest area;

13 endif;

14 place the item k at the coordinate (z,y):

15 J=J—{k};

16 it h,=1 then

17 Si=(S—{(z,y; DHU{(z+w, y: D}

18 else

19 S:=(S—{(z,y;)}HU {(z, y+th,;l— }LA.)7(Z‘+7.UA.7 Y hk)};

20 endif;

21 else /IlJl=0

22 it S—{(z,y;1)}= o then

23 S:=,;

24 else -

25 find subareas (z,y;!) and (z, y; 1) in S—{(z,y;1)} satisfying

26 y+l=y and y=y+1;

27 if z < z then

28 S=5—{(z,y50. @, y; DH U@, g5+ D)

29 endif;

30 if z > z then

31 S=(S—{(z,y; 1), (z, u; DPU{(z, y; 1+ 1)}

32 endif;

33 if z= z then

34 S=(5={(x, y; 0, (z, y; 1), (@, y; DPU{(z, ys i+ 1+ D}

35 endif;

36 endif;

37 endif;

38  endwhile;

39 endwhile;

40 end;
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Hel gkl wraste] A7k BEE n(n+1)(2n+1)/6 (E 1) F0iZl ofol| et ¥m2|E FFF, FBS, TS, BP2
o= 0(n3) O]E]— AE 4
Name n LB FFF | FBS 75 BP
P bengl | 20 4 4 4 4 4
5 &3 & beng? | 40 | 6 7 7 7 7 |«
beng3 | 60 9 | 10 9 9 | 10
% \_TID:Q]H )\7H5]_ BP ¢ ﬂﬁ] javaGOoi EE:LEH beng4 30 11 12 12 12 12 *
2 H1995. PC pentium 4 24GHz M RAM 1 GBI bengs | 100 | 14 | 16 | 15 | 14 | 15
6 FH UL, pentium 7z Memory bengb 0 ) 9 9 ) ) "
A= T beng7 0 3 3 3 3 3 *
A A v YA FaxE duaE: FFF, FBS beng8 120 5 5 5 5 5 *
([4])¢} ©] %7 M (neighborhood search)7| & A3 B} cgeutl 16 2 2 2 2 2 *
A2 7S (6], 1215 floorcelling” 9] el 28 SE et e
cgcut3 | 62 | 23 | 26 | 26 | 23 | 24
T FCpq FCop (17D} 12141 vl 'dEAl (knapsack problem) gcutl 10 4 5 5 5 5 *
o] S A43 *ueFE KP,17D), Lodi, Martellos} gtz | 20 | 6 | 7 | T | 6] 7
. ) . gcut3 30 8 9 8 8 8 *
Vigo([17D)ell 23l AfEA Alete Sldk(alternate directions) geutd 50 13 15 15 14 14 *
B2|F ADyp, 181 BAEF KPy ADypd e % geuth 10 3 4 4 4 3 *
P15 ol g3 BAR ehelFoleh dle] B A T
FIYFE F AR bW AN FAAE FTAF e T T T T T T
SrTE= T T =T gewt8 | 50 | 12 | 15 | 14 | 14 | 14
FC, KP ¥ AD %% °l&3ste 1 =7|8lE a1 29 geut9 10 3 3 3 3 *
MW I 2789 G F5E o) Este oo AFAa geutl0 | 20 7 8 8 8 8 *
g ddaia A Adehe H4e dew o wgge, el 0L B LW L0 L 9 L 9 L
o) W 1EAdA ARE Felidenas FOS AD o geutl2 | 50 | 16 | 17 | 17 | 16 | 16 *
= THe=EE L geutl3 32 2 2 2 2 2 *
A BREE 25 0n’) o2 geA ok(17-18)). ngeutl | 10 2 3 3 3 3
<ED>E fRdTe] BAMOIN ol 12078 Amy | new | 17} 3 | 4 | 4] 4] 4] -
B dojx A3} bengl~beng8e Bengtsson([1]), cgcutl EEEES 2; ; ;1 ;1 ;1 ;1 :
~cgeut32  Christofides®t Whitlock([5]), geutl ~gcut13¥} ngeus | 14 3 4 4 3 3 "
ngcutl ~ngeut12¥ Beasley([2], [3])e] 93] AletE oot} ngeut6 15 2 3 3 3 3 *
A 299 n & 7 del AA Folx, 399 LBE AFA geut? | 8 4 1 L 2 2 1L 1)~
42) shlower bound) Z, (21Deleh Felag we g (IR
ForE dugZon de E SOLolEg & uj, LBE ngeutl0 | 13 3 3 3 3 3 *
shatolmz P4 SOL > LBelvh. 493 59 gugy  (meewdl] D} 2} 3 L 3 | 3 ) 3}
FFES FBS (MDA 918 Qolq sholx, 6o mpypay etz 2L 31 31 21 2 L 21
duzls 7S ([16)EFEH dojxl sojn. 799 BPE= 2902 IV: w, 9 h, & 77 [1,35] oA uniformly
= dugFel s doF sojth v 4] x B
random3}A A, W= H=100;
Ale duglE BP9 TS HlumolA BP< TSS 7S

ot wie] ARANE Fose omazel  FEF Ze2 Viow; & by E 3E [1,100] 914 uniformly

FBS A s 97%9] Ak AL S5Eg0n, BA random3pA| A, W= H=100;
A gnaE 750l Hal 86%e) ARk BAYG $5 2 Fele VE w; ok by & 72 [1,100] A uniformly
o2 e randomd}A A¥ W= H=300;
<§2>oﬂ/\1t nRe 2 AW 107] Ze)a9 = R W U2 F# 2 7-102 Martello®t vigo([21))ell <] 3] #I2t
A 6709 Zel 2t Berkeysh Wang([d)el o8] Agke = A= ot &2 EYem st
719 2 aEst 2s 2718 Ae. B Ly T |2 W], h e [1,%}1 o4
22 T ow; ¢k by & 73 [1,10] ol A uniformly uniformly rafldomﬁ}ﬂ] A
random A ME], W= H=10; B 2wy 4 (L] e | B o
22 0w, 9 by & 72 [1,10] oA uniformly wniformly random3hAl A8);
randomsHA| A E, W= H=30; : B
[e] . = - =
Ze) T w, 9 h, & 2+ [1,35] oA uniformly B 3w, = R S W W]v h; & 1A
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20| 117 | 114 | 114 | 113 | 112 | 112 | 111 | 1.06 | 1.08
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