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Bin Packing Algorithm for Equitable Partitioning Problem
with Skill Levels
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Abstract The equitable partitioning problem(EPP) is classified as [0/1] binary skill existence or
nonexistence and integer skill levels such as [1,2,3,4,5]. There is well-known a polynomial-time optimal
solution finding algorithm for binary skill EPP. On the other hand, tabu search a kind of metaheuristic
has apply to integer skill level EPP is due to unknown polynomial-time algorithm for it and this problem
is NP-hard. This paper suggests heuristic greedy algorithm with polynomial-time to find the optimal
solution for integer skill level EPP. This algorithm descending sorts of skill level frequency for each field
and decides the lower bound(LB) that more than the number of group, packing for each group bins first,
than the students with less than LB allocates to each bin additionally. As a result of experimental data,

this algorithm shows performance improvement than the result of tabu search.
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Table 1. Example of EPP with binary type
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Table 2. DCHA for example data of binary type

_lﬂ

Group Student(Skills) Sum of skill

1(1,1,1)

Group #1 2(1,0,0) (2,1,2)=5
7(0,0,1)
3(1,1.1)

Group #2 4(1,0,0) (2.2,1)=5
8(0,1,0)
5(0,0,1)

Group #3 6(1,1,1) (2,1,2)=5
9(1,0,0)
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Table 3. Example of EPP with integer type

Student | SK#1 | SK#2 Student | SK#1 | SK#2
S01 3 4 S07 1 2
S02 2 5 S08 2 4
S03 5 3 S09 2 1
S04 2 1 S10 3 2
S05 3 3 S11 1 2
S06 3 4 S12 2 3

B 4. "3 Of|H| CIO|E{0] CHEH EFEMAMY
Table 4. Tabu search for example data of integer type

Group #1 Group #2 | Group #3

Student | SK#1 | SK#2 | SK#1 | SK#2 | SK#1 | SK#2 | SK#1 | SK#2
S01 3 4 3 4 - -
S02 2 5 - - 2 5 - _
S03 5 3 - - 5 3
S04 2 1 2 1 - -
S05 3 3 - - 3 3 - -
S06 3 4 - - 3 4
S07 1 2 1 2 - - -
S08 2 4 - - 2 4 - -
S09 2 1 - - - - 1
S10 3 2 3 2 - - B =
S11 1 2 - - 1 2 - -
S12 2 3 - - - - 2 3
Max 3 3 5 5 4

Min Cy 3 3 3 5

Min Cjp 4 4 5 4
q(9) 21

Skill
Sum Max

Group Student(Skills)

S01(3.,4)
S04(2,1)
S07(1,2)
$103.2)
S02(2,5)
S05(3.3)
S08(2.4)
S11(1,2)
S03(5.3)
S06(3.4)
S09(2,1)
S12(2,3)

C,=min(3,3,5)=3, Cy=min(4,5,4)=4
g(8) =min(3,4)(3+4)=21

Group #1 9.9 (3.4

Group #2 (8,14) (3.5

Group #3 (12,11) (5,4
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Table 5. BPA for example data of integer type
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S03 5 3 513 MRt 2TE AY
so5 | 3| 3 303 dsts . ]
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Min G 3 13 ° & B 6. 348 EPP 42 HOIH
Min Cp 4 4 4 5 Table 6. Experimental data of EPP with integer type
g(9) 21
i Student| Skills Friends Foes
Group Student(Skills) 3 Skill M o1 [ 1321 - 2,10
um ax 02 [s5)2(3]2 10 9,12,16
S01(3.4) S03 [5)1f2]1 - -
Group #1 S082.4) (10,11) (3.4) S04 [ 35123 - -
$10(3,2) S5 313113 - -
S09@.1) s06 [2]5]5]3 - -
S03(5.3) S07 | 51332 - -
Group #2 28582 (10.11) 5.4 s8 |3]2]2]3 12 -
s11(12) S09 [ 3]4|3]2 - -
0563 S0 13031505 2 18
S02(2,5) - )
Group #3 S04(2.1) 9,12) (3.,5) 2%32) g § g é 6,8,10 -
S12(2.3) - -
C=min(3,5,3)=3, Cy~min(4.4,5)=4 Sl 4] 1111 1 -
4(8) =minB3.4)3+4)=21 S5 132141 y -
: s16 | 2] 1|3 1]71011.1314 | 24689121518
S17 | 4]4|3]3 - -
Hiibscher”9] EFRERY e (99), (8,14), (12,11)  _S18 51312l L - -
= # Sum 9]50]3
o /1% go= WAL 49 58 Hel whol, Aleky breferred grous e z
BPAE= (10, 11) (10,11), (9,12)2 7139 x}o]= 13} 1 Alternative group size { 3 NRE
Distribute these students across groups| {1,3,7,11,15,18},{3,15
= EE]- 7E'ﬂ- ]%E]'q']_]_ 9\’18 = < ¢ /\ O]q— Keep these students in groups of size 4 {3,15}
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Table 7. BPA for experimental data of integer type

(a) Solution #1 Group #1 Group #2 Group #3 Group #4
Stgtde SK#1|SK#2[SK#3|SK#4|  Friends Foes SK#1|SK#2[SK#3|SK#4[SK#1|SK#2|SK#3|SK#4|SK#1|SK#2|SK#3 [SK#4|SK#1|SK#2|SK#3|SK#4
S01 1 3 2 1 - S2,510 - - - - - - - - 1 3 2 1 - - - -
S02 | 5 2 3 2 S10 59,812,516 - - - - 5 2 3 2 X X X X X X X X
o351 |21 - : B e e e e e e e
S04 | 3 5 2 3 - - - - - - - - - - 3 5 2 3 X X X X
S05 | 3 3 1 3 - - - - - - 3 3 1 3 - - - - - - - -
S06 | 2 5 5 3 - - - - - - 2 5 5 3 - - - - X X X X
S07 | 5 3 3 2 - - 5 3 3 2 - - - - - - - - - - - -
S08 | 3 2 2 3 S12 - - - - - - - - - 3 2 2 3 X X X X
S09 | 3 4 3 2 - - - - - - x| x X X - - - - 3 4 3 2
S10 | 3 3 5 5 S S18 - - - - - - - - X X X X 3 3 5 5
siui 52|41 . - slaf a1 - -1--=1=1=1=1=|°1">-]-*
S12 | 5 2 2 1 S11 - - - - - X X X X 5 2 2 1 X X X X
S13 | 5 3 3 2 - - - - - - 5 3 3 2 - - - - -1 - - -
Sidl 41|11 - - I e e e e e e e P i T A
S15 1 3 2 4 1 - - - - - - - - - - 2 4 1 X X X X
S16 | 2 1 3 1 |S7,810,811,51(S2,84,56,88,S1| - - - - X X X X - - - - 2 1 3 1
3,514 2,515,518
S17 | 4 4 3 3 - - 4 4 3 3 - - - - - - - - - - -
S18 1 5 3 2 1 - - 5 3 2 1 - - - - - - - - X X X X
Skill 1] 1 3 2 8 Sum 19 | 12 | 12 7 15]13]12]10f15114]12] 9 17]110]14 ] 10
Skill 2| 2 5 6 4 Max 5 4 4 3 5 5 5 3 5 5 4 3 5 4 5 5
Skill 3| 6 6 6 5 Min SK #1 | 5
Skill 4] 2 [ 2|20 Min SK #2 4]
Skill 5] 7 2 2 1 Min SK #3 4
Min SK #4
9(S) 48
Group Group #1 Group #2 Group #3 Group #4
S07(5.3.3.2) 502(5,2,3,2) $01(1,3,2,1) S03(5.1,2,1)
S$11(5.2.4,1) S05(3,3,1,3) S08(3,2,2,3) S09(3.4,3,2)
Students S17(4,4,3,3) S06(2,5,5,3) S04(3.5.2.3) $10(3.3,5.5)
$18(5,3,2,1) $13(5,3.3,2) $12(5.2.2,1) S14(4,1,1,1)
S15(3,2,4,1) S16(2,1,3,1)
e &= 4 4 5 5
7 e (19,12,12,7)=50 (15,13.12,10)=50 (15,14,12,9)=50 (17.10,14,10)=51
BRI (5.4.4.3) (5.5.5.3) (5,5.4.3) (5.4,5.5)
. . S10 @ S18
Foes - S02 : §9,S12,816 S01 @ S2,810 S16 : S2.54.56.58.512.515.518
(b) Solution #2 Group #1 Group #2 Group #3 Group #4
Str"llge SK#1|SK#2|SK#3|SK#4|  Friends Foes SK#1|SK#2[SK#3|SK#4[SK#1|SK#2|SK#3|SK#4|SK#1|SK#2|SK#3 [SK#4|SK#1|SK#2|SK#3|SK#4
SO01 1 3 2 1 - S2,510 - - - - - - - - 1 3 2 1 - - - -
S02 5 2 3 2 S10 $9,812,516 - - - - 5 2 3 2 X X X X X X X X
s3| 5| 1|21 - - CHN I U I S T R It I B (R ) R e e e
S04 | 3 5 2 3 - - - - - - - - - - 3 5 2 3 X X X X
S05 | 3 3 1 3 - - 3 3 1 3 - - - - - - - - - - - -
S06 | 2 5 5 3 - - - - - - 2 5 5 3 - - - X X X X
S07 | 5 3 3 2 - - - - - - - - - - - - 2 - 5 3 3 2
S08 3 2 2 3 S12 - - - - - - - - - 3 2 - 3 X X X X
S09 3 4 3 2 - - - - - - x| x X X - - X - 3 4 3 2
S10 | 3 3 5 5 N S18 - - - - - - - - X X 4 X 3 3 5 5
St | 52|41 - - o R R N R I AR IO I R A U IR I R
S12 | 5 2 2 1 S11 - 5 2 2 1 X X X X - - - - X X X X
S13 1 5 3 3 2 - - - e - 5 3 3 2 - - 1 - - - - -
sid| 4111 - - RO N N I I = A S U B B I B A
S15 | 3 2 4 1 - - 3 2 4 1 - - - - - - - X x X x
S16 2 1 3 1 |S7,510,511,51(S2,54,56,88,51| - - - - X X X X - - - - 2 1 3 1
3,514 2,515,818
si7| 4] 4|33 - - alal 3|31 -|-1-1-1-1-1-1-1-1-1-
S18 5 3 2 1 - - = = - - 5 3 2 1 = - = = X X X X
Skill 1] 1 3 2 8 Sum 20 | 12 | 12 9 17 113 | 13 8 16 | 13 [ 11 9 13 [ 11 [ 14 ] 10
Skill 2[ 2 5 6 4 Max 5 4 4 3 5 5 5 3 5 5 4 3 5 4 5 5
Skill 3] 6 6 6 5 Min SK #1 5
Skill 4 2 [ 2 [ 2 [0 Min SK #2 4 |
Skill 5| 7 2 2 1 Min SK #3 4
Min SK #4
(S 48]
Group Group #1 Group #2 Group #3 Group #4
S03(5,1.2,1) 502(5.2.3.2) S01(1,3,2,1) S07(5,3,3,2)
S05(3.3.1.3) S06(2.5.5.3) S04(3.5.2.3) S09(3.4.3,2)
Students $12(5.2.2.1) $13(5,3,3,2) 508(3.2.2.3) §10(3,3,5,5)
S15(3,2,4,1) $18(5.3,2,1) S11(5,2,4,1) S16(2,1,3,1)
S17(4,4.3.3) S14(4,1,1,1)
A & 5 4 5 4
7% = o (20,12,12,9)=53 (17.13.13.8)=51 (16.13,11,9)=49 (13,11,14,10)=48
HAd 71FeE (5.4,4.3) 5.5.5.3) (5.5.4.3) (5.4,5.5)
. . S10 : S18
Foes - S02 : §9,S12,S16 S01 : S2,S10 516 : S2.54.56.58.512.515.518
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