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Bin Packing-Exchange Algorithm for 3-Partition Problem
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Abstract This paper proposed a linear time algorithm for a three-partition problem(TPP) in which a
polynomial time algorithm is not known as NP-complete. This paper proposes a backtracking method
that improves the problems of not being able to obtain a solution of the MM method using the sum of
max-min values and third numbers, which are known polynomial algorithms in the past. In addition, the
problem of MM applying the backtracking method was improved. The proposed algorithm partition the
descending ordered set S into three and assigned to the forward, backward, and best-fit allocation
method with maximum margin, and found an optimal solution for 50.00%, which is 5 out of 10 data in
initial allocation phase. The remaining five data also showed performance to find the optimal solution
by exchanging numbers between surplus boxes and shortage boxes at least once and up to seven times.
The proposed algorithm that performs simple allocation and exchange optimization with less O(k) linear
time performance complexity than the three-partition m=n/3 of n data, and it was shown that there

could be a polynomial time algorithm in which TPP is a P-problem, not NP-complete.
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TPP,: §=1{1,25679, n=6 T=30"
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T:72[5]

PP,
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Fig. 5. Solution of 7PF,
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Ad=g s | 0| 0| 0|30(35]30|25|30|27 30-(30+20)=-20 : -20 || &4 an
-89| -1 | 0| 1|75 [18|20[23|23 30-G0+21)=-21 : -21 1] 3 12)
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N KIEEEEEEE O e
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T—-C o |o]o|o|[6]+x3[0]7]]0
3G 30 23 5={0,0,1,1,1,1,2.23355.7.7.889.9, n=18, T=72,
17991 [ 89 [ 55| 49 |45 [ 45 | 30 | 40 m=6, C=12
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T7-C |olofo]o]-13[+13]0]o0o]o B, 1 12-(9+0)=3 : 3 £4 — B, ={9,0,3} @
FEI) 5 };8 ; S={1,1.1,1,2.2,5.5.7.7.8.8}
an |0 S| 20152 B8 e shies 0
89| -1 ] 1] 0]18] 51203023 12-(8+1)=3, 3 "] EA 4
(b) BPEA 12-8+2)=2, 2 1] £A] )
] 12-(8+2)=2, 2 ©] &4 ©)
J™ 6. TPP,9| & 12-(8+5)=0, 0 u] &7 @)
: ; 12-(8+5)=0, 0 1] &4 8
Fig. 6. Solution of 7PP; 19-@817)=-3, -3 o] 24 ©
12-(8+7)=-3. -3 1] EA (10)
S T C Backtracking Bl
={1.25.6,7.9, n=6, T=30, m=2, C=15 S=(0.0.1.1.1.1.2.2.3.3.5.5.7.7.8.8.9.0}
?;(21277(?1):5 15 A~ B =09,15 m Bt 12-0+1)=2, 2 24 - 0.1.2) an
B, : 15-(742)=6 : 6 24 — B, ={7.2.6) @ §=10,0,1,1,1,2,33,5,57,7.8,8,9
@ Byt 12-9+1)=2, 2 24 — {9,1,2} 12)
a,
— — — 5=1{0,0,1,1,3,3,5.5.7.7.8.8}
S=19.7,6,5.2.1}, %—6, T=30, m=2. g—ls B,: 1248404, 4 0| =4 @)
! . 12-(8+0)=4, 4 1] ZA) 14
47 A7) 2 ¢ 12-8+1)=3, 3 4 —~ (8,13) (15)
g 1 2 5=1{0,0,1,3,5,5,7,7,8}

7, 5 5 By : 12-8+0)=4, 4 v £4) 16
T—C 0 0 12-8+0)=4, 4 1] =7 17
HA 9 9.5.1) 7.5.2) 12-(8+1)=3, 3 ¥4 — 8,1,3} 18)

(b) BPEA §=1{0,0,5,5,7,7}
a3 7. PP, By 1 12-(7+0)=5, 5 &4 — {7.0,5} 19)
) . S$=1{0,5.7)
Fig. 7. Solution of 7PP, 2
o 4 B, : 12-(7+0)=5, 5 &4 — {7,0,5} (20)
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5=1{9,9,8,8,7,7,5.5.3.3,2.2,1,1,1,1,0,0}, n=18, T=72, m =6,
C=12

B, B, By B, B Bg
A2} 297 9 9 8 8 7 7
g NN
TJ 12 12 12 12 12 12
T,-C 0 0 0 0 0 0
A 9 {9,2,1} [{9,2,1} | 18,3,1} | {8,3,1} | {7,5,0} | {7,5,0}
(b) BPEA

J& 9. TPF,9| ol
Fig. 9. Solution of 7PF;

§=1{26.29.33.33.33.34.35.36.41}, n =9, T=300

m=3, C=100
B, 100-(41+26)=33, 33 &4 — {41,26,33} 1)
§=129,33,33,34,35,36}
B, 1 100-(36+29)=35, 35 &A1 — {36,29,35} @
§=1{33,33,34}
B, 1 100-(34+33)=33, 33 &A1 — {34,33,33} 3)
(a) MM
1903 {41,36,35,34,33,33,33,29,26}, n =9, T=300m=3, C=
B] BZ B3
10 41 36 35
43 2497]
33 33 34
" 2% 29 33
7, 100 98 102
T.-C 0 -2 +2
FE)) 33 35
] 41 36 33
24 df 33 35 34
26 29 33
7, 100 99 101
T—C 0 0 0
(b) BPEA

a3 10. 7PP,9| off
Fig. 10. Solution of 7PP,

§=1{0,0,1,2,3,4,5,7,8}, n=9, 7=30, m=3, C=10

B, 10-(8+0)=2, 2 &4 — {8,0,2} (6))
5={0,1,3,4,5,7}
B, 1 10-(7+0)=3, 3 &4 — {7.0,3} @
5=1{1,4,5}
By 1 10-G+1)=4, 4 &4 — (5,14} €]
(a) MM
5=1{8,7.5.4.3.2.1,0,0, n=9,7=30, m=3, C=10
Bl BZ BS
A A7) 5 : ;
Rk
0 0 1
oy 10 10 10
T,—C 0 0 0
34 3 {8,2,0} {7.3.0} {5,4,1}
(b) BPEA

a3 1. TPR9| &
Fig. 11. Solution of 7PF,

on

5={0,0,1,2,3,4,4,5,8}, n=9, T=27, m=3, C=9

B : 9-8+0)=1, 1 &4 — {8,0,1} 1)
5§={0,2,3.4.4,5}
B, : 9-G+0)=4, 4 A — {5,0,4} @
S={23.4
Byt 9-(4+2)=3, 3 &A1 — {4,2,3} ®)
(a) MM
5=18,5,4,4,3.2,1,0,0, n=9, T=27, m=3, C=9
Bl B? B‘}
AR 97 8 5 4
W | b : :
T, 10 9 8
—C +1 0 -1
WEK1) 2 1
8 5 4
g 3 1 3 4
0 2 0
) 9 10 8
T-C 0 +1 -1
W3H2) 5 4
8 4 5
24 o 1 3 4
0 2 0
(b) BPEA

a3 12. 7P, &l
Fig. 12. Solution of 7PF,

5=1{1,2,3.45.6,7.8,9,10,11,12,13,14,15,16,17,18,19,20,21},
n=21, T=231, m=7, C=33

B 1 33-21+D=11, 11 &4 — {21,1,11} m

5=1{2,3,4,5,6,7,8,9,10,12,13,14,15,16,17,18,19,20}

B, 1 33-(20+2)=11, 11 1] &4 @
33-(20+3)=10, 10 &4 — {20,3,10} 3)

5={2,4,5,6,7,8,9,12,13,14,15,16,17,18,19}

Byt 33-(19+2)=12, 12 241 {19.2,12} (@)

§=14,5,6,7,8,9,13,14,15,16,17,18}

B, 1 33-(18+4)=11, 11 ©] &A] ®)
33-(18+5)=10, 10 1] &4 (6;
33-(18+6)=9, 9 &4 — {18,6,9} 7

§=14,5,7,8,13,14,15,16,17}

B, 1 33-(17+4)=12, 12 v] &4 ®
33-(17+5)=11, 11 9] ZA O}
33-(17+7)=9, 9 1] &4 (10)
33-(17+8)=8, 8 u| =& (11)
33-(17+13)=3, 3 1] &4 (12)
33-(17+14)=2, 2 1] &4 (13)
33-(17+15)=1, 1 1] 4 (14)
33-(17+16)=0, 0 ©] & (15)

Backtracking Bﬁ
5§={2,4,5,6,7,8,9,12,13,14,15,16,17,18,19}

B, : 33-(19+4)=10, 10 u] &) 16
33-(19+5)=9, 9 &4 — {19.5,9 a7

5={2,4,6,7,8,12,13,14,15,16,17,18}

B, 1 33-(18+2)=13, 13 &4 —~ {18.2,13} )

5=14,6,7,8,12,14,15,16,17}

B, : 33-(17+4)=12, 12 &4 — {17,4,12} (19)

5=1{6,7.8,14,15,16}

By : 33-(16+6)=11, 11 =] &4 (20)
33-(16+7)=10, 10 =] =4 (21)
33-(16+8)=9, 9 W EA (22)
33-(16+14)=3, 3 1] A4 (23)
33-(16+15)=2, 2 || 4] 24

Backtracking 13,
5=1{2.3.4,5,6,7,8,9,10,12,13,14,15,16,17,18.,19,20}
By ¢ 33-(20+4)=9, 9 &4 — {2049 (25)
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5={2,3,5,6,7,8,10,12,13,14,15,16,17,18,19}

B, 33-(19+2)=12, 12 &4 — {19,2,12} (26)

5=13,5,6,7,8,10,13,14,15,16,17,18}

Bt 33-(18+3)=12, 12 1] &A| 27)
33-(18+5)=10, 10 &4 — {18,5,10} (28)

5=13,6,7,8,13,14,15,16,17}

By 33-(17+3)=13, 13 &4 — {17,313} 29

5=1{6,7.8,14.15,16}

B+ 33-(16+6)=11, 11 1] &4 (30)
33-(16+7)=10, 10 1] &) (31)
33-(16+8)=9, 9 ] ZA| (32)
33-(16+14)=3, 3 1] &4 (33)
33-(16+15)=2, 2 u] A (34)
Backtracking B,

5=13,5,6,7,8,10,13,14,15,16,17,18}

B, 1 33-(18+6)=9, 9 1] &A) (35)
33-(18+7)=8, 8 &4 — {18,7,8} (36)

§=13,5,6,10,13,14,15,16,17}

By 1 33-(17+3)=13, 13 4 — {17.3.13} (37

9=1{5,6,10,14,15,16}
By ¢ 33-(16+5)=12, 12 v] &7 (38)

33-(16+6)=11, 11 1] &7} (39
33-(16+10)=7, 7 1] A (40)
33-(16+14)=3, 3 ©| &A| (41)
33-(16+15)=2, 2 1] &7 (42)
Backtracking Br,

§=1{3,5,6,10,13,14,15,16,17}

B, 1 33-(17+5)=11, 11 ©] &4
33-(17+6)=10, 10 &4 — {17.6,10} 43)

§=13,5,13,14,15,16}

By 33-(16+3)=14, 14 &4 — {16,3,14} (44)

§={5,13,15}

B, 33-(15+5)=13, 13 4] — {15,5,13} (45)

(2) MM

5=121,20,19,18,17,16,15,14,13, 12 11,10.9.8,7.6,5,4.3.2,1},

3H6) 7 2

2120191817 151 16
A= o 11 9 | 12 8 | 10 | 13 | 14
1 4 2 5 6 3
T; 33 | 33 33 33 32 | 34 | 33
- C 0 0 0 0 | -1|+1] 0

2H7) 5 6
) 21 [ 20191817 ] 151 16
A 5 11 9 | 12 8 | 10 | 13 | 14
1 4 2 7 6 5 3

(b) BPEA

a2 13, 7PP,°|
Fig. 13. Solution of 7PP,,
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2 vy 22 HF sjE Ao, B 239 5t
£ FYstd 3-E42 & 5 & 4= Qlrh E3L
7PP,, 9] 749 MMHP'e 9342 43] S35t 2o
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<+ o] ot AotH %iﬂl—ﬁ— x| 73]9] wgk
HAZE Yot & Foke T Aol AUt

o]0 o

==
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T =

H 2. 043 3= Hiu
Table 2. Comparison with the number of matching

n=21, 7=231, m=7, C=33 5]
A ) B, A n m MMY” BPEA
: 21 | 20 | 19 | 18 | 17 | 16 | 15 TPP 9 3 10 0
AR} 797 1
| e e | 2| PP, |12 | 4 y 3
T; 30 | 31 | 32 [ 33 | 34 | 35 | 36 TPP; 27 9 10 7
T-C [ 3| 2] -1]0 |+ [+]+ PP, 6 | 2 E 0
WD) 8 11 TPP, 9 3 12 0
21 | 20 | 19 | 18 | 17 | 16 | 15 TPP 13 5 20 0
A 3 11 10 8 | 12 | 1 14 .
! ! 1 2 3 4 5 2 7 PP, 9 3 3 1
; 33 | 31 | 32 | 30 | 34 | 35 | 36 TPPq 9 3 3 0
T7—C 0 | 2| -1 ] -3 |+l | +2[+3 TPP, 9 3 3 2
e 21 | 20 18 18 g 16 | 15 higah 2l ! 45 7
Ad= 8 N 9o|12] 8|10 13|14 A 112 20
1] 2| 3| 4| 5| 6] 7 Bt 11.2 2
33 | 31 | 34 | 30 | 32 | 35 | 36
T,— C 0 -2 +1 -3 -1 +2 +3
JLFJ(S) 2 4
wan |09 28[58 %
IWA1E 9
1| 4035 2] 51 6|7 V.8 E
i 33 | 33 | 34 | 28 | 32 | 35 | 36
T,— 0 o [+ [-5]-1[+2]+3
W2H4) 3 7 H Lo -gHoz AHA 3-HIREA
waw | 53|85 %55 o St 2 ot Aeo) o
7iAlE 9 Zo] dyA A 7L =0
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S0 16 | 15 24 g e 5 AT
21 | 20 | 19 | 18 | 17 | 15 | 16 _ N o
A 9 NI IEIEIE: 2 =52 954 75g ZE MMY #3315
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