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The Assignment-Swap Algorithm for Large-scale
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Abstract

This paper suggests assignment-swap algorithm with time complexity O(mn) to obtain the optimal solution
for large-scale of transportation problem (TP) with incomplete cost lists. Generally, the TP with complete
cost lists can be solved with TSM (Transportation Simplex Method). But, we can't be solved for large-scale
of TP with TSM. Especially. It is hard to solve for large-scale TP with incomplete cost lists using TSM.
Therefore, experts simply using commercial linear programming package. Firstly, the proposed algorithm applies
assignment strategy of transportation quantity to ascending order of transportation cost. Then, we reassign
from surplus of supply to shortage of demand. Secondly, we perform the 2-opt and 1-opt swap optimization

to obtain the optimal solution. Upon application to 31 < 15 incomplete cost matrix problem, the proposed
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assignment—-swap algorithm more improves the solution than LINGO of commercial linear programming.

» Keywords : Transportation problem, Transportation simplex method, Linear programming,

Assignment, Swap optimization
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Table 1. The Plan of hydrogen transportation pipeline
oz 4874 (D) s
i A Rkl 3 4 k) i Al onil ki i) 43 3% s 4 3 i
EES - - 17.31 - - - - - - - - - - - - 50
RE 35.18 11.35 33.24 - = - = m = 2 - o o - m 200
dH2 | 2.4 2096 | 8.2 - - - - - - = = = ” = = )
431 30.32 = 8.80 = = = & = = & = & & = = 200
A3 | 4652 = 51.90 - a - - - - - - - - - - 50
PR 4052 | 2180 | 2088 - - - - - - - - - - - - 20
Mk .35 - 38.21 - - - - - - - - - - - - 50
e - - 15.30 - - - - - - - - - - - - 50
84 - - 25.83 - - - - - - - - - - - - 50
X = = = 3.00 - - = = - = - - - - - 50
3 > = 120.37 33.60 = - = = = = - = = - = 50
34 - - 7721 17.60 - - - - - - - - - - - 50
33 - - - - 9612 | 14200 - - - - - - - - 10
A | 13470 - - - 146.50 - S - - - - - - - - 50
ﬁ Ak - - 94.83 - - 146.60 60.43 - - - - - - - - 50
A #1018 a 7170 - " 9553 | 39.74 — " " - - - - = 200
(8)] 3% - - - - - 30.81 - - - - - - - - - 50
4 - - - - - - - - 24.22 - - - - - - 50
39k = - - - - - = o 3240 | 5880 - - - - o 50
e - - - - - - - - - 3.00 - - - - - 50
53 - - - - - - - 81.57 75.10 28.35 - - - - 62.11 10
33 B “ E - - - = 66.72 2158 - - - - - 50
F) - - - - - - - - - - 5177 | 1348 - - - 50
35 - - - - - - - - - - 73.52 1424 - - - 100
$2H = = = = = = = - = = = 82.93 57.19 5.52 61.30 200
R = = B - - - = = - - - = 58.15 - = 50
E - - - - - - - - - - 8486 379 - - - 50
33 = - = = @ = = = @ i 7742 56.90 - - - 50
kil = = = - = - = = = - - - 9.90 - 1347 50
EE] - - - - - - - - - - - - - - 15.23 50
£ - - - - - - - - - - - - - - 46.11 50
d 419,35 | 13403 | 647 | 4LTL | 79.30 85.44 | 1204 | 7L26 | 99.02 | 8464 | 1%6.83 | 12.02 | 16072 | 59.45 | 179.20
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V. A8 2 Zop B Sol tial ALE ASAZ A 88 Aok 17 4] AN
sict

I 437 (D) s,
oy ik K 3 H ki 33 e i 1% ks 44 33 3 R ' )
PE] - - 17.31/ 50.00 - - - - - - - - - - - - 5 | 0
1AL | 35.18/39.50 [11.35/134.03] 3324/ 26.47 - - - - - - - - - - - - w | o
o142 | 25.14/50.00 209/ 0.00] 85.20/ 0.00 - - = = = = = = s 3 5 = % | o
A3 30.3%/ 0.00 - 88020000] - - - - - - - - - - - - W | 0
A2 | 46.52/30.00 - 5190/ 0.00 - - - - - - - - - - - - 5 | o
SHHL | 4052/ 0.00 [27.80/ 0.00] 2088/200.00 - - - - - - - - - - - - m | o
Sk - 3821/ 0.00 - - - - - - - - - - - - 5 | 0
%9 ~ = 0/ 50,00 - - - - - N Z - - Z - - % 0
24 2 = 25.83/ 50.00 - - = - £ £ - 3 - - - - 50 0
i) = = - 3004171 = = = = = = - - - - - 50 | 8.2
b o = 120.37/0.00 | 3360/ 0.00 = = = = = = = = = - = 5 | 0.0
34 = - 7721000 [17.60/ 0.00 - - - - - - - - - - - 50 | 50.00
39 = = = = 142.00/ 000 | 42,05/ 0.00 @ @ s = = = = = 100 | 20.0
ok | 13470/ 0.00 - - - - - - - - - - - - 50 0
g = 2 8y 0] - - 146,60/ 0.00 | 60.43/ 0.00 - 2 - - - - - - 50 | 50.00
AL - w0 - - }/35.44 | 39.74/72.04 - - - - - - - - m | o
(9)] #% = - - - 39.81/50.00 - = = = = = = - - 50 0
i3 = & - - & = g 2 24.22/50.00 - 2 2 E - - 0 | o
39 - u = = - - - - 32.40/49.02 | 5880/ 0.00 - - - - - 5 | 0.9
4% - = = - - - - = = 3.00/50.00 = = = - - 50 0
B = = - - & 2 - 81.57/30.63 | 75.10/ 0.00 | 28.35 0.00 - - - - e w | oo
2 = - - - - - - 66.72/15.36 27.58/34.64 - - - - - EHEE
Xl = = = - = = = = - - 5177/ 0.00 | 1348/50.00 - - - 5% | 0
3% = = = - = o = = = = T35UTTI8 | 14.24/22.02 = = = w | 0
2 - - s = = = = = = = - 82.93/ 0,00 | 57.19/110.72 61302083 20 | ©
i) = = = = = = = = = = = = 58.15/ 000 - - 50 | 5.00
i3 = = - - - - - - - - 8486/ 0.00 | 3.79/30.00 - - - 5% | 0
32 = = - - - - - - - - 77.42/50.00 | 5690/ 0.00 - - - EHEE
ELl - = - - = = = = = = - - 990/ 5000 - [134a70m] = | 0
A8 = = = = = a = = = = = = = - |1523/5000] 50 | ©
3 = = = = = = = = = = - - - - Jenmom] s ] o
d; 4833 1,05 576.47 an 79.3 8.4 122,04 7126 .02 84.64 136,83 122,02 180.72 945 | 19.20 .
2571,46/2450.00
¥ 137.31 0 0 0 0 0 0 5,27 0 0 2.83 0 0 0 0
(a) Initial assignment of hydrogen transportation system
e, 4371 (D) s ,
v ki ik bkl a ek Ead ki i 1% k] 4% 3% i # kil '
EE] - - 17.31/ 50.00 - - - - - - - - - - - - 50 | 0.00
QA1 | 3518/ 39.50 | 11.35/134.03| 33.24/ 26.47 - o e = = i - - - - - - 200 0.00
<192 [ 25.14/ 50.00[ 2096/ 0.00] 85.20/ 0.00 - - - - - - - - - - - - 50 | 0.00
A3 | 30.32/137.31 - 880/ 6269] - - - - - - - - - - - - 20 | 0.00
252 | 46,52/ 50.00 - 5190/ 0.00 - - - - = = = - - - - - 50 0.00
SPHL [ 4052/ 0.00]27.80/ 0.00] 20.88/200.00 - - - - - - - - - - - - 0 | 0.0 |
M | 3 = 17000 - - - - - - - - - - - - 50 | 0.00
bk - = 15.30/ 50.00 - - - - - - - - - - = - 50 | 0.00
oA = - 25.83/ 50.00 = = = - - - - - - - - - 0 | 0.0
3 - - - 3.00/41.71 - - - - - - - - - - - 50 | 829
3 - - 120.37/50.00 | 33.60/ 000 - - - - - - - - - - - 5 | 000
34 - - 77.21/30.00 | 17.60/ 0.00 - - - - - - - - - - - 50 | 000
k) - - - - 96.12/79.30 | 142.00/ 0.00 | 42.05/ 0.00 - - - - - - - - 100 | 20.70
Ak 13470/ 0.00 - - - 146,50/ 0.00 - 13.22/30.00 - - - - - - - - 50 | 0.00
E HAk - = 94.83/37.31 = = 146.60/ 0.00 | 60.43/ 0.00 = = = ~ = iz L = 50 | 12.69 |
313 10128/ ¢ - 7170 000 - - 5.4 | 30.74/12.04 - - - - - - - - 20 | 0.0
(8)] 3% - - - - - 81/50.00 - - - - - - - - - 50 | 0.0
s = = = - - - - - 24.22/50.00 - - - - - - 50 | 0.0
A9 - - - - - - - - 32.40/49.02 - - - - - 50 | 098
ik = = = = & = = = = - - = B E 50 | 0.00
g = = = - = = - 81.57/50.63 | 75.10/ 0.00 | 2 - - - - [62.11/44.0] 100 | 0.00
22 - - - - - - - 66.72/20.63 27.58/29.31 - - - - - 50 | 0.0
Al = = = = = = = E E = 51.77/ 8.85 | 13.48/41.15 = = = 50 | 0.0
3% = - = - - = - - - - 73.52/771.98 | 14.24/22.02 0.00
iy - - - - - - - - - - - 0.00
R = - = = = = = = = - - § 35.88
ERS = = - - - - - - - - 8486/ 0.00 | 3.79/50.00 - - - 50 | 0.00
3R = = i & Ll = X = = = 77.42/50.00 | 56.90/ 0.00 & = =% 50 0.00
okl - - = = - = = = = = - - 9.90/50.00 = 1347/ 0.0] 50 | 0.00
Rkl = = = - = = = = = = = - = - [1523/00] 50 | 0.0
e - - - - - - - - - - - - - - [46.11/50.00] 50 | 0.00
d; 429.33 134,08 576.47 an 79.30 85.44 122.04 7.% 99.02 84.64 136.83 12,02 160.72 59.45 | 179.20
2371.46/2450.00
# 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(b) Adjust of assignment to satisfy of d;
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e.fz: 437 (D) 5 N
v A% EEl ERl H EE 3% 3 3% A% 3 EES 3% i 7 A :
PES - - 17.31/ 5000 - - - - - - - - - - - - W | 0.0
AL | 35.18/ 65.97 | 11.35/134.03|_33.24/ 0.00 - - - - - - - - - - - - 50 | 0.00
<142 | 25.14/ 50.00 [20.96/ 0.00] 85.20/ 0.00 - - - - - - - - - - - - 0 | 0.0
A5 | 3032/ - 8.80/196.64 - - - - - - - - - - - 5 | 0.0
52 | 4652/ ¢ - 5190/_0.00 - - - - - - - - - - - - W | 0.0
M | 4052/200.0027.80/ 0.00] 20.88/ 0.00 - - - - - - - - - - - - 5 | 0.0
a2 | 3835/ 50.00 - 38.21/_0.00 - - - - - - - - - - - - 50 | 0.00
33 - - 15.30/ 5000 - - - - - - - - - - - - 50 | 0.00
o - - 25.83/ 50.00 - - - - - - - - - - - - 0 | 829
EX - - - 3.00/41.71 - - - - - - - - - - - 50 | 0.00
31 - - 12037/ 50.00 | 33.60/ 0.00 - - - - - - - - - - - 50 | 0.00
] - - 77.21/ 50.00 | 17.60/ 0.00 - - - - - - - - - - - 10 | 20.70
EX] % s == = 96.12/79.30 | 142,00/ 0.00 & * i = = = = = 50 0.00
A 13470/ 0.00 - - - 14650/ 0.00 - - - - - - - - - 50 | 12.69
3 [ = - 9483 000[ - - 146.60/ 0.00 - - - - - - - - W | 0.0
F 22 10128/ 0.00 - 71.70/129.83 = = 3544 | 39. - - - = - - - - 0 | 0.0
(5)[ 3% - - - - - 39.81/50.00 - - - - - - - - - % | 0.0
R - - - - - - - - 24.22/50.00 - - - - - - 50 | 098
ER) = = = - - - - - 32.40/49.02 - - - - - 5 | 0.0
9% = = = = = = = = = = = e - = 100 | 0.00
3 - - - - - - - 81.57/21.26 | 75.10/ 0.00 [ 2 - - - - |621/400] 0 [ 0.0
33 = = E = = - - 66.72/50.00 = = = - - 5 | 0.00
EX - - - - - - - - - - 51.77/50.00 | 13.48/ 0.00 - - - 0 | 0.00
A% = = = El = = = = = = 73.52/36.83 | 14.24/63.17 = = = 200 | 0.00
ER = = e - - - - - - - - 8293/ 885 | 57.19/96.60 | 5.52/59.45 [61.30/35.10] 50 | 35.88
) -~ - - = - - - - - ~ - = 58.15/14.12 - - 50 | 0.00
EXY - - - - - - - - - - 84,86/ 0.00 | 3.79/50.00 - - - 50 | 0.00
EX) - - - - - - - - - - 77.42/50.00 | 56.90/ 0.00 - - - 50 | 0.00
El = il = = = a = r = e =t =t 9.90/50.00 - 13.47/ 0.00 50 0.00
A8 - - - - - - - - - - - - - - 15236500 0 | 0.00
B = = E - - N = s - - - - - - [46.11/50.00] 50(0) [ 0.00
d; 419,33 134,08 576.47 an 79.30 85.44 122,04 7.% 99.02 84.64 136.83 2.2 160.72 59.45 | 179.20  |237L.46/2450.00
(c) 2-opt swap optimization

ole 484 (D) ; .
i 4% [E] Bl H EEl 3% 3% % 9% e 4% 3% £ 2 EE) i
EE] - - 17.31/ 5000 - - - - - = = = = = = = 5 | 0.00
QA1 | 3518/ 65.97| 11.85/134.03| 3324/ 0.00 - - - - - - - - - - - - 200 [ 0.00
42 [ 2514/ 50.00[20.96/ 0.00] 8520/ 0.00 - - - - - - - - - - - - 5 [ 0.00
A5 = 8.80/196.64 = a = = s # - = = = = = 200 | 0.00
52 | 4652/ 50.00 - 51.90/_0.00 - - - - - - - - - - - - 50 [ 0.00
! 2280/ 0.00] 2088/ 0.0 - - - - - - E = = = - E W | 0.0
S - 3821/ 0.00 = = = = = = = - - = - = 50 | 0.00
39 - - 15.30/ 50.00 - - - - - - - - - - - - 5 | 0.0
3 - - 25.83 50.00 - - - - - - - - - - - - 5 [ 0.00

# = = = 3.00/41.71 = = = & & = - - = = = 5 | 8.2
EX - - 50.00 | 33.60/ 0.00 - - - - - - - - - - - 5 [ 0.0
34 - - 77.21/ 50.00 [ 17.60/ 0.00 - - - - - - - - - - - 50 [ 0.00
2 = = = = 96.12/79.30 | 142.00/ 0.00 | 42.06/20.70 = i = - - = - = 100 | 0.00
A9 13470/ 000 - - - 14650/ 0.00 - 13.22/50.00 - - - - - - - - 50 [ 0.00
3 - - W83 0.00 - - 146.60/ 0.00 |60.43/16.61 - - - - - - - - 5 | 3.3
A2 (10128 000 - T.70/12983) - - 95.53/35.44 | 39.74/34.73 - - - - - - - - | 0.0
($)| 3% = = = - = 39.81/50.00 = E E = = = = = = 50 | 0.00
ki - - - - - - - - 24.22/50.00 - - - - - - 50 | 0.00
R = - = = = e = - 32.40/49.02 | 3880/ 0.00 - - - - - 50 | 0.8
4% = - = = = = - - - 3.00/50.00 - - - - - 50 [ 0.00
ok - - - - - - - 81.57/21.26 | 75.10/ 0.00 | 2 - - - - [6211/a400[ 100 | 0.00
21 - - - - - - - 66.72/50.00 - - - - - 5 [ 0.00
30 = - = = = = - - - - 51.77/50.00 | 13.48/ 0.00 - - - 5 [ 0.0
A% - - - - - - - - - - 73.52/36.83 | 14.24/63.17 - - - 00 | 0.00
ok - - ai - = = = = = = - 82,93/ 885 61.30/35.10[ 200 | 0.00
R = = = = = = = = = = = = = 50 | 3.8
23 = - - - - - - - - - 84.86/ 0.00 | 8.79/50.00 - - - 5 | 0.00
ERD) B - = - - - - - = - 77.42/50.00 | 56.90/ 0.00 - - - 5 [ 0.00
okl - = = = = = = = = = o = 9.90/50.00 = 13.47/0.00] 50 | 0.00
KRl = E = g 2 E E E - - - - - - 15235000 50 | 0.00
LX) = B = = = = = = = = = - = - |4611/30.00] 50 | 0.00
d; 419,33 134,03 576.47 an 79.50 85.44 122.04 .26 9.02 84.64 136.83 2.0 160.72 59.45 | 179.20 |2371.46/2450.00

(d) Result of adjust for surplus of supply

T2l 4. ASA

=2 M
= To

B S0 22 AR of

Fig 4. Solution of hydrogen transportation system with ASA
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Table 2. The inconsistency of demand and
supply of initial assignment

R F5F 37 ofRE
x| FE2 x| Ofmet
ME 137.31 == 50.00
¥ 5.27 a4y 50.00
[ 8.85 Hy 20.70
Afat 50.00
ot 0.98
M2 50.00
H 151.43 H 229.97
X 3. 2-opt wet =Ast
Table 3. 2-opt swap optimization
oo 1/ o/ Tys oo/ Tas /Ty ZA8

M =~ (e =2 o ) =z I )
Gy =vy—a) @ =2,+0)| (@ =, —0) | (0 =05 T0)| min {21100 )

[ B I G I L G I I R |

1 | SL57/50.63 | 28.35/5.27 | 27.58/20.37 | 66.72/20.63 2037
81.57/2126 | 2835/34.64 | 27.58/0.00 | 66.72/50.00
C - O = c =
2 1424/2202 | 1348/41.15 | 5177/ 8385 1115
1424/63.17 | 1348/ 000 | 51.77/50.00
‘ - fC 1= 0 1= )
3| 33.24/2647 | 35.18/39.50 | 30.32/137.31 8.8/62.19 2647
33.24/ 0.00 | 35.18/65.97 5.8/89.16
= )1 C 1= - )

4 | 30.32/110.84 8.80/ 89.16 20.88/200.00 | 4052/ 0.00 110.84
30.32/ 0.00 8.80/200.00 20.88/ 89.16 | 40.52/110.84

C - ) c - ) 1= )jc 1= )
5 | 101.28/9252 | T71.70/ 0-00 8.80/200.00 | 3032/ 0.00 9252
10128/ 0.00 | 71.70/92.52 | 8.80/10748 | 30.32/92.52

¢ 1= ) C 1= ) 1= ) 1= )
6 | 30.32/9252 | 8.80/107.48 | 2088/89.16 | 40.52/110.84 3016
30.32/ 336 | 3.80/196.64 | 2038/ 0.00 | 4052/200.00

C - Ol =« O -
7 94.83/37.31 60.43/ 0.00 39.74/72.04 T1.70/ 92.52 37.31
94.83/ 0.00 60.43/37.31 39.74/34.73 71.70/129.83

3% 49} (0) 2-opt A3 Az thel vhA|ztoz 3
T oARFE L ¢ Dol ¢, >091 ¢, 7 &
Aeke 2% Lopt e HAH % dsh 2] 2

B4 22 osak =™
Table 4. Adjust for surplus of supply

eS| e/ 1 /Ty Ty ==
(yy =ayy —ry)|(ry =1y +1y) | (g =29y +7y) [y =1y —1) | 7
60.43/37.31 12.69 42.05/0.00 20.70
1 20.70
60.43/16.61 33.39 42.05/20.70 0.00
& o
238 9171291 LINGOZS w=3] 483t 74-9-9] »=103,

170.7091 B]&ll, ASAE 2 =93,554.04 2 Ao} 9,615.66< 7+
29& it

< 3% 4 8 oA Eole S Begd S 9le &
g EFE Olmn) FugF= ARSI,

Agkd duelEe A AR, 230G ¢, LB
Z 5% 2,5 dske ABE s8It o] 23, &
A ¥ g Bl AEE VR A BAske o HEE XY
o BAIE sidapr] Saf, FEgo] B Dol disl

i 7R S ellA F7tE wigske ‘%}‘aﬂ% elgle] 7]

S ekt ooz, 2-opte] A
27l H**OF bk mv} “W“—.‘SE TF A%
2k

ag A28 s

AR FneEe 2] 6 e 3yt o AN 3t
o2 JuEle] AN 4§ WIANE 443
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