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Optimal Room Assignment Problem for Multi-floor Facility using

Binary Integer Programming

Sang-won Lee -

Suk-Chul Rim

Division of Industrial & Information Systems Engineering, Ajou University, Korea

Consider a multi-floor facility with multiple rooms of unequal size on each floor. Students come from many
organizations to attend the conference to be held at this facility. In assigning the rooms to the students,
several constraints must be met; such as boys and girls must not be assigned to the rooms on the same
floor. Given the capacity of each room and the number of students from each organization, the problem is
assigning students to rooms under a set of constraints and various objectives. We present six models with
different objective functions; and formulate them as binary integer programming problems. A numerical
example and a case study follow to illustrate the proposed models.
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Table 1. Room Capacity(# of persons)

Room

1 2 4 1

Floor 3 5 tota

1 13 30 15 15 30 103

2 5 20 10 10 15 60

3 15 15 20 10 20 80

4 15 10 10 30 10 75

Table 2. Number of students from churches

church 1 2 3 4 5 6 7 8 | total

Boy | 5 |12 3 |8 |6 | 4 10| 1|49
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Table 3. BIP solution for ERA

FloorR"‘)m | 2 3 4 5 | Gender
1 |20213)] v [sens) | 6dnsy| vo| Boy
2 165/5) | 8(1/20) [7(10/10)| 4(8/10) | 33/15) | Boy
3 5(5/15) |3(15/15)] 82/20) | 6(7/10)| V| Girl
4 163/15) | 47/10) |700/100] V| 2(7/10) | Gil
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Table 4. BIP solution for ERA-B
Room 1 2 3 4 5 Gender
Floor
1 5(5/13) |7(10/30) | 4(7/15) | 6(7/15) |3(15/30)| Girl
2 2(7/20) | 1(3/10) | 8(2/10) Girl
3 5(6/15) 7(10/20)| 3(3/10) | 4(8/20) Boy
4 6(4/10) | 8(1/10) [2(12/30)| 1(5/10) Boy
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Table 5. BIP solution for MRU

Rmob 5 s 4 5 G
Floor en
1,3,4,8 2,5,6,7 .
| Girl
27/30) (29/30) .
2
3 2,5,8(19/20)| Boy
1.3.4
) ,3,4,6,7 Boy
(30/30)
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Table 6. BIP solution for MRA-LU with various U values

U # Rooms Used Avg. Utilization
1.00 4 95.4%
0.95 79.3%
0.90 5 80.3%
0.85 81.3%
0.80 70.3%
0.75 6 69.2%
0.70 7 61.9%
0.65 58.3%
0.60 i 58.3%
0.55 10 50.1%
0.50 46.4%

Table 7. BIP solution for MRA-LU(for U = 0.8)

Rm
1 2 3 4 5 Gen
F
24,7 368 |

1 1
(24/30) @430) | OF

1,5,6,8
2 60 7(10/15) | Boy
1, 5(8/20) Girl
2, 3, 4(23/30) Boy
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Table 8. BIP solution for MFU Table 11. BIP solution for MU
o Room | 2 3 4 5 | Gender oo K 1 2 3 Gender
LF 1,8 |3,4,5 2 6,7 Girl 1 7(10/20) 1,3(18/30) | 2,8(9/15) Girl
2F 1 2,4 7 3,5,6,8 | Boy 2 3,6(7/15) | 2(12/20) | 1,8(6/10) Boy
3F 3 56/15) | 47/15) | 7(10/20) Boy
A 4 67N15) | 47200 | S5(5/10) Girl
Table 9. Number of floors used under MFU as U varies 4. /K]—E]] o z
Range of U value
1.00~0.65 | 0.64~054 | 0.53~0.50 B AHNE mjd A2 Fro £ 2 A5 By Hu 3
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3.8 o] &% # 48} (Minimum Utilization) & 4]

83 o) BIPE 299 & m

Minimize U
subject to

A2 )~ 8), Al 24 (10)

1< Z Xk + Yy for all j, k (17

=1
Ak (172 2 W2 B ALESHEE dHE A ok o]t} o]
Aol glo| & FA oM o] §ES Hadsid ditdoR
o B o 24w e 98 e B AMgEA gk 1
Hu oW 2 8o 2 Q18] Ugke] 1 o] 2ol d 4 gl= A%

2l
O2 =9 wjgo] B BAHEE ZAsy] YA 4
(17)& F7kske Zlo] =Fo] At

o] MU & A& oA & Bt} gelsty] =5 &t7] A3 71&
<Table 1>9] ¥} &% tJ 4l <Table 10> A}£3}AF MU &4
o th3 BIPY 3= <Table 11>3} 2t} o] &89 A&
60%, H LA 35%, B2 504%, BFEUA} 82%2 YERY 4
o] FEstE WAy 2E dE

Aol A& 2ot Haof 83709 w3l A 1,618 0] 3

S 21709 w3 e S48 AP ol w g A é% o
A1, <Table 12> YEbd Um A 627) 23 1,2
HFOE 45 v

=]

oH,o

5 &
¥t
o
e

Table 12. Number of participants from 62 churches

clI|/B G|CI|B G|CI|B GJ|CI| B G
2 30117 2 83319 11494 0
1 9 (18| 8 8 (34|18 2350| 8 8
12 1119 |21 19|35 (39 34|51 |74 52
6 30120 3 5 (13 |11 4|52 3
7 812116 6 (37| 3 053] 3
2213 3 (38|12 7 |54 6 4
6 6
2 8

—_

O 0 N N W R W N
(o]
—
(e

0 (23|11 39 123 1955 10
18 14 (24| 4 40 4 4|56 14
7 S (25|23 2204111 7 |57 |14 13
10 6 4 |26]39 31428 6 58] 3 7
111 7 L2716 19438 1159 |15 13
123 4 (28|10 1244 7 6 |60 |11 6
132 42911 8 |45|23 12611 5 5
145 513 | 6 04| 8 10| 62|10 30
15120 20|31 4 7 (47| 1 0
1618 0 32|15 7 (48|12 9 |sum| 1,284




Table 13. Room capacity

Floor
Room 1 2 3 4 5 6
1 80 145 70 35 25 22
2 30 80 150 20 15 30
3 0 20 77 70 14 12
4 56 20 40 20 11 13
5 0 60 0 150 8 15
6 0 32 0 0 9 10
7 18 28 0 40 18 8
8 38 73 0 0 22 0
9 120 86 0 0 22 0
10 60 0 0 0 25 0
11 0 0 0 0 45 0
12 0 0 0 0 15 0
13 0 0 0 0 12 0
14 0 0 0 0 8 0
15 0 0 0 0 12 0
16 0 0 0 0 13 0
17 0 0 0 0 9 0
18 0 0 0 0 9 0
19 0 0 0 0 30 0
Sum 403 546 340 339 297 116
Total 2,041
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Figure 1. Room utilization for the case problem
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Table 14. Optimal room assignment for the case problem using MU model
R
om 2 3 4 s 6| 7] s 9 | 10 | 11 | 12 |13]14[15]16]17]18] 19 |Gender
Floor
4,10, 14, 13,15 5,22,38 17, 45,33, 42
1IF |20, 23,28, 7 - R B - 9,44 T 21,62 - i B e A R A Girl
43, 54 53, 58, 61 50,52 | 48, 51
32, 36, 60
s ,8, 16,11, 29,31,119, 25, .
2F 35,39 26,27 | 1,2 | 24,46 > 12,56 3L |19, 55, - O R Girl
41,59 40,55| 18 34 57
15,19, 6,2
3F 8,21, 26 H15, 19,1621, - - - - - - - = |-l -|-|-]-]-| - | Boy
39,52 |35,58
1,34 11,51 2
4F 17, 33, 60 38 31,34, 22 DLl % - - - - S B R B B B A Girl
45 59 40, 62
13, 23,
SF 9,42 43 18 54 24 | 49 | 28 57 | 1,48 | 32 ” 10, 12| 44| 61| 5|50| 7|53/41,56 Boy
6F 2,37  130,36,47| 4 16 46 55 14 - - - - - S e B Boy
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