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The Random Type Quadratic Assignment Problem Algorithm

Sang-Un Lee*

Abstract

The optimal solution of quadratic assignment problem (QAP) cannot get done in polynomial time.
This problem is called by NP-complete problem. Therefore the meta-heuristic techniques are applied
to this problem to get the approximated solution within polynomial time. This paper proposes an
algorithm for a random type QAP, in which the instance of two nodes are arbitrary. The proposed
algorithm employs what is coined as a max flow—min distance rule by which the maximum flow node
is assigned to the minimum distance node. When applied to the random type QAP, the proposed

algorithm has been found to obtain optimal solutions superior to those of the genetic algorithm.
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[. Introduction
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Il. Description and Related Works
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(a) Random type
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(b) Mesh type (Nugent-6)
Fig. 1. QAP types
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2%12=04

10*30=300

3*11=33

6*44=264 419-36

5*21=105

\L) s/
£ A i /s
105+300+24+264+33+36=762
762%2=1,524

Fig. 2. Solution of n=4 FL-QAP(1)
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Fig. 3. Max—flow/Min—cut instances

[ll. Max-Flow/Min-Distance
Assignment Algorithm

34
N
§2
rlo
=
uini}
o
O
>
—d

i o o

——
==
< :
e )

o 2 o o

B oA d9zke] Ayt 443
o oigl H4 g 2S TFeAol MY B ¢
git} At $aElES LAPY HUlsgE/
QAPZ ZAsle] Hd) 55 {f.f}& A& Ad
WA stE A5 E-3 472 (max-flow/min-distance) 7}
S A3t

Alre e 19 460 AR EH o 014 A HAR, Fol
QAPY AZdE S A QAo R, 353 P49 &%k%
WeAbeor gdgint. 5 WAz, Agdde] {1,019 35
R {1 f,}7F LA (1, f), (1 f,) 2 a8k ek, E1r
29 4 4’“«] AR vt o) AER Aol tigk 9459 gre
2 9] HE i) $5 ol83te] Hol-FH) A BAE-x) 2
2 24% = vk

L)
i
2

Y
2
av)
o

Step 1. Sorting
for i=1ton
Ascending sort of the distance d of d{l;.,} in distance
matrix
end
compute sum of the reverse score for each location
for i=1 to n
Descending sort of the flow f of f{f.f,} in flow
matrix
end
compute sum of the reverse score for each facility
Step 2. Assignment
for 4=1to n / bipartite graph equal pair */
it {lplf={fef) i=ki=1 then
assigned to (I, f,), (;,f,)
else the unassigned facility assigned to
remained location

1St

end
or
for 1=1ton
] Assigned the max score facility to max score location
en

Fig. 4. Max—flow/min—distance assignment algorithm
(MFMDAA) for Random—type QAP
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Fig. 5 Optimal solution of MFMDAA for n=4 FL-QAP(1)
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Fig. 7. Optimal solution of MFMDAA for n=4 FL-QAP(2)

V. Applications and Evaluation
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& WHFo] ofd EAYPH ot} o714 A A 2 H]
48 )3t} Chan¥} Tansril11], Mak et al.[12], El- Baz[13],
Mihajlovic et al.[14], Tsutsui®} Fujimoto[6]¢} Jannat et
al.[15]] 3} darelSs 4-83lo] 42 H4 = 2 =4,818%
AdHA 9lom, AT A= F 20 AAFE Utk FolME
HA ai® A7 2 =4,818% & wiA] A= AN HA &

L glo] ofd A =A91A & = ]l

Table 1. n=9 facility location problem FL-QAP(3)

Bl b Tl sk b b G B i BB B B
I 12 34 26 7 f 100 3 0 6 35 190 14 12
|1 1247 58 65 f|100 6 8 109 78 1 1 104
L2 12 591 11 1 f]3 6 0 0 17 100 1 31
L3 4 s 11 1 46 fi]lo 8 o 100 1 247 178 1
3 7 9 1 11 1 1 fi|6 109 0 100 11001 79
Isla 5 111 1 4 6 f|35 78 17 1 1 0 1 o0
Ll2 8 1 1 1 1 7 1 f,|190 1 100 247 10 0 0 0
|6 6 1 4 1 4 7 1 fi|4 1 1 1718 1 1 0 12
17 5 1 6 1 6 11 fl12 104 31 1 79 0 0 12

Table 2. Solution of FL-QAP(3)

References
Chan &| Mak | El-Baz |Mihajlov| Jannat
Layout z Tansri | et al et ! . Jct al.
[11] [12] [13] [14] [15]
4-8-5-3-9-2-7-1-6 | 902 0] ] ¢ [ -
7-1-6-3-9-2-4-85 | 9208 o @) 0 ) -
6-2-5-1-9-8-7-3-4 | 11,932 o] @) 0 ) -
5-2-6-8-9-1-4-3-7 | 944 [¢) @) 0 0 -
5-8-4-2-9-3-6-1-7 | 10,334 @) @) 0 ¢} -
4-3-7-8-9-1-52-6 | 9463 @) @) 0 ) -
7-3-4-1-9-8-6-2-5 | 6602 @) @) ) - -
6-1-7-2-9-3-5-84 | 8616 ) @) O - -
9-1-56-4-3-8-7-2 | 1084 - - 0 - 0
5-7-9-2-6-4-3-1-8 | 12,704 - - - 0
5-7-9-64-2-8-3-1 | 11,192 - - - - 0
4-2-86-3-1-9-5-7 | 14050 - - - 0
5-7-9-6-2-4-8-3-1 | 10,802 - - - - 0
6-1-9-7-3-4-2-5-8 | 10,402 - - - - 0

FL-QAP(3)°ll thall #|eke MFMDAAE 433t Axe 1
7l 8ol AAlEo] girh & EAe] Al A gAY (A
2l=1)7} v EAet] s E-H a7 e iAol o}
A 2142 Q) 9 A T Aol A U e
W AR AYAE, EEF BAE ARAE A
T s ALsgith o] A {ZQ,ll}jq' {fg?f4}% %o
(Lo fs), (1o fy) 2 WA H

]l ]2 ]3 ,1 15 ]6 ]7 ]8 ]9 fl fZ fj fl f‘ .f() f‘r fg f9
I D2 33X 2XX 4 10 X X X 35 190 % X
DT RXXX XXX £ |10 X X 10978 X X 104
L2 X XX 1111 £ |%X X X X 17 100 X 31
L3 XX 11 1XX A|X X X 1ooxz47x
513 X X 1 11 1 1 f|X% 109 X 100 X % X 79
X X 1 11 I XX fo|3 B 17 X X X X X
Ll2 X 1 1 11 X 1 £ {190 X 100 247 0 X X X
XK 1 X 1XX 1 £ |% X X @)X XX %
LIX X 1 X 1 X 11 fo X 104 31 X 79 X X R

2714 A4 olF 5% P9 wmrolX 244 Adsh=
e A&asith 35 34 £ oA {1 )= 247.{f,
fo= 1003 {fgfrhol AR ofdl vlgshs 7edd
{10} =2, {10 )=29F {1,0;) 0] A Wb (1,.f,),
(I3:f5)7F AR gge®  (f.f}o] EAA e
{fof1}=190,{f7 f5}=100°] Sick. o]l tj-gst= A
& {lpl el FATA B {inl}=1 {0, )= 10tk w2t
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A gy 1), (L f3) 78 wIAET o9k 2ol (I, f,), (1. fs),
(Iysf5)s (L fo) B MAE]O] 9-8-4-1-3-5-7-2-6°2 » = 4,774
deth o] AR 71EY f1A duEEE A48 2
Ao 2 =4.818% AAAEE & 5 Atk

B WA (4] F 30 AA o] Yk HY wjxEA
o] 3= 9-10-7-18-14-19-13-17-6-11-4-5-12-8-15-
16-1-2-30.2 »=17,212,548 2 & A 9t}

S

Table 3. n =19 Hospital location problem

d | 1| 2 I3| 4| 15| 6] 17| 18] 19 I1d 1 112 114 15| 16| 17| 18| 19

" 12| 36 28| 52 44] 11q 129 94) 63] 130 102 9 | 132] 132] 126] 120| 126

12| 12 24 75 82 75 104 70| 14 & 104 124 161 161 70| 64| 70

&8RS

d f

ol o ot o A @k
17 18 6 15 16 99999
15 16 10 1 2 76687
1 2 12 2 3 40951
18 19 12 1 17 13732

12

93 —
AEEBEEEEREEFEEEE ] ] e Bl o] i 4et 4 = O 3%
1 | 28] 7| a1 | 4o 34 wad {160 52| o] 14d 40 | 117 | 104] 109 111] 105 111 Tlo] EEor uleo 1ale Hol &Zoke] XA o
15 | 52 & 7| 42l | 42 124 13d 10] 22| 7 12 32 [ o4 | 130[ 130] 136] 130] 136 el SR HlES ek Ao SEde] Ha Al 9
16 | 44 7| 41 3] 42 [ 1ad 1] 16] 52 6| 14d 40 [ 17| t52] 12| 11| 106 11 5l wTof WA= WA Hasid 714 959 o|Ake-
7 | g 10§ 1q 144 1 ] | 40 46 134 47] 20| 18| 51| 79| 79| 46| 47| 41 v ]_HO}I‘ BHE gt o714 o1&
AEEREREEREE I 60 14 63 46| 119] e8| | 21| 77| 4| ® YA Herdon, AAA Eehd 100% = S
19 | o4 124 124 160 10 161 46] 6o | 10f 34| 45 4 | 23| 80| 80| 69| 64| 51
== o) e} =] 2~ =
NEEEEEEEEEEEEREREREE SEY wro] HEHT & A5 A9sigitt). o|¢} o] et
HEEEREEEEREREE IR AR -
112] 104 108 11q 14d 12 14d 20| 4] 46| 114 47| [100[ 51| 89| | 46| 4] % AR (g fir) e s) U f13)s G £ U £ U f ) U fr)s
113] 65| 58] 46| 49 32| 4o 10d 1d e 2o 5] 1 7 | s 13| 9| 113] 119 21 2
”4 % 124 12 11 94 11_ 51 684 23 % 54 51 77 79 79 68 62 51 (137f7)7 (l]7f9)7(l]37f]2)7(l]07f]])7(l47f]8)7(l67f]g)‘(l"f]4 i 5’]
115] 131 161 16] 10{ 1ad 15 79| 120 a0 13{ o4 o] 113] m 10 [ 13 107] 119 o] wMiAY TUs WiAR 2 =17,212,548<& & 4= 9t}
116] 133 161 169 104 130 151 79] 120 eo 13{ o & 3] @] 10 13] 107] 119 - B L .
17| 12 70 73 11] 1 11 46 21| 69 14] o3 46| 19| 68 | 113] 113 6| % ¥ 49 ZF dAE A ALk B o= E 5o AA SR
118] 12 o4 67] 104 130 108 47 24| ea] 13 46| 4] 113 2 [ 107[ 107] 6 12
119 124 0] 73] 1] 134 1 4| 3] 51 4] 24 3] 19| 51 | 119] 10| 4| 12 . .
Table 4. Assignment method for hospital problem
t [ elslalrle]7]s]mlmolnlne] a3 4] ns] n6] 7] n8r9 i
7 o a8 58 8l 13 1 sl |33 9ol 158 B IR No. | Node | Total flow |Current flow % Select | Assignment
72 |6{ |40 41 576] 205 191] 274 100] 571 F 1353 2% 1 L4 217,538 27,990 9B39% f .
I 22| 3] 207 42 0] B2 97 1353 13 fi 1844 18,4% N.77% 1 9
AEGEVET S & 124 fis 1844 184% N.71%
75 | 5% 57| 252 a1 B8] | £ 2 2| fu 11,342 1852%6 61.22% s Ly
76 | 819 A1) 21 94 16] /s 9,062 11,349 79.85%
L e 31 su | 184% | 184%6 [100.0% | 1, I
0,
AEIREREERE 1%} 41 4 o 12997 185% 7016? £ by
= £ 8,637 95H 90.03%
ZEEREEEERE xR J &
1 12 5] 161 190 0 41 i 2 5 [ fu | 1385 18506 | 763% | L
ZEERER ] 165 / 8339 8640 | 9652% | *° !
13 B 2| 6 fio 13326 18526 74.63% p .
114 150] 26 1 6,087 7,174 84.85% o N
f15 97 0] 7 I 14752 18526 79.63% ; .
6] |13 S f; 4,124 6,064 68.12% 10 2
171131 8155 | 24 2 g |t 5,662 6,004 93.52% p .
PSS N fo 4433 5097 | 81%% | ' ;
g L 4,679 5,097 91.80% s ,
f 4,118 53 70.95% ’ !
- - N 10| 7, 4,118 5304 70.95% | 1 l
ArE WHE AdEe] A eEAed S5 P [ g, | 3403 3403 [ 100.0% | 1, by
of Huhx] WAk Hle] AkES 17 99} Zel (1, f,,) 21 s [ 2/ [ o7 [1000%] 7. [ &
s B | 173 1783 [100.0% | /. Iy
(llﬁvfm) (l17af1) (llg7f2)a (hg:fw)’g‘ 5—-7] ]i HH;( }'Oﬂr’]' 14 in - - — in L
Table. 5. Case of execution for n =19 hospital assignment problem
2% 7 2 B P 5 b 7 B 9 A0 | a1 | A2 | A3 | a4 | 45 | A6 | A7 | 48 | A9
7 76637 415 5465 319 15| 1363 | 819 | 5630 332 | 902 | 1508 13732 | 1368 | 1783
2 76637 4091 | 418 [ 5m7 [ 206 [ 1917 | 2me [ 1097 | 5712 63 1373 | 268
B 40951 BB | B | 323 | wm | 425 | 56 04 | BR 972 13638 | 1363
15 972 99999
16 1373 99999
d se 831 | 86 | 6087 | 4124 | 339 | 24 | 1342 | 0 | 3336 | 1864 | 1771 27538 | 2736 | 173
* 559 B0 | 1139 | 7174 | 6054 | 8640 | 5097 | 18626 | 3408 | 5304 | 18496 | 1771 21990 | 2736 | 1783
Tk & 126 | 221 152 | 319 35 513 | 388 [ 1000 | 339 | 02 [ 00 16 | 00 | 00
g 17 18 119 5 | 6 | 8
GE] 1 2 i3 2 5 5 17 8 9 00 | 1 | 4z | 43 | i4 | 05 | 16 | 47 | 48 | 19
117 126 70 3 111 136 111 46 7 69 141 | 63 46 | 19 | 6 | 13 | 13 6 24
118 120 64 67 105 130 105 47 A 64 1% | 46 0 [ 3 [ e [ 107 | 107 6 12
19 126 70 3 111 136 111 il % 51 Ul | 2 3 | 119 | 51 19 | 19 | « 12
A4 A | 372 204 213 327 402 327 134 87 8 | a7 [ 13 | 12 | w1 | 18l
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sEg a z B 7 5 5 7 B 0 a0 | a1 | a2 | 43 | a4 | @ | a6 | a7 | 48 | a9
a 76657 15 | 5% | 819 1% | 138 | 819 | 5% 3132 | %2 | 1503 3732 | 1368 | 178
1 76687 %L | 4118 | 5167 | 20% | 1917 | 26 | 1097 | 5712 %8 373 | 28
B 40951 BB | 224 | 303 | 072 | 425 | 6 01| B 972 13538 | 1368
5 972 99999
16 133 99999
A7 | 132 | a8 | 133 26 26
dsoa RBL_| 9062 | 6057 | 4124 | ®x0 | oA | 11342 | 2 | 33% | 18464 | 1771 2% | 173
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