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A Recursive Optimization / Simulation Procedure for Express
Courier Service Network Design : Determination of Terminal
Capacity and Cut-off Time

Chang Seong Ko - Hee Jeong Lee
Department of Industrial Engineering, Kyungsung University, Busan 608-736

While demands for express couriers service are rapidly increasing due to recent progress of electronic
commerce, express courier service companies are struggling to take a larger market share through ongoing
improvement in their service processes. Cut-off time is the time limit that all orders delivered before the limit are
guaranteed for the delivery within the very next day. Extending cut-off time for express service centers can
provide the express company with increase of total sales, but it may also cause increasing the possibility not to
satisfy customer needs due to work delay in the consolidation terminal.

We develop a design model for express courier service network based on a recursive optimization/simulation
procedure. With the optimization model, we seek key design parameters such as the cut-off time for express
service centers and the capacity of the consolidation terminal maximizing total sales profit while satisfying the
desired level of performances. With the simulation model, we consider the dynamic nature of the network and
obtain relationships between the design parameters and the performance measures with the multiple linear
regression. The validity of the model is examined with an example.

Keywords: Express Courier Service Network, Cut-off Time, Capacity, Consolidation Terminal, Recursive
Optimization/Simulation Procedure
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Table 1. The GA Test Results by 24 : 00 Closing Time(Ko and Min, 2006)
Test Results (FT =24 :00)

® @ © (4) (5) (6) (7 (8)
wervice f Type X F T AT T ST T FT
1 350 B 4 455 20:57 20:57 20:59
2 700 B 4 910 21:09 21:14 21:18
3 800 B 3 980 21:07 21:07 21:10
4 1100 B 2 1265 20:53 20:53 20:57
5 1050 A 2 1155 21:09 21:18 21:22
6 2500 c 2 3000 21:30 21:31 21:43
7 1100 c 4 1540 22:39 22:39 22:45
8 1500 c 3 1950 22:07 22:07 22:15
9 1900 c 4 2660 22:44 22:45 22:55
10 1000 B 1 1075 21:08 21:10 21:14
1 900 c 2 1080 21:44 21:52 21:56
12 750 A 1 7875 21:18 21:22 21:25
13 650 c 2 780 21:55 21:56 21:59
14 950 B 2 10925 21:56 21:59 22:03
15 1550 A 1 16275 21:24 21:25 21:31
16 1250 B 4 1625 23:04 23:05 23:11
17 900 B 2 1035 22:03 22:03 22:07
18 1250 c 4 1750 23:14 23:22 23:28
19 850 c 2 1020 22:13 22:18 20:22
20 2750 B 2 31625 22:18 22:22 22:34
21 1000 B 2 1150 22:29 22:34 22:38
22 2250 B 3 2756.25 23:10 23:11 23:22
23 650 A 0 650 21:38 21:50 21:52
24 2300 c 2 2760 22:52 22:55 23:05
25 2200 B 3 2695 23:35 23:50 24:00
26 550 A 1 5225 21:31 21:43 21:44
27 1550 A 1 14725 21:35 21:44 21:50
28 900 A 0 900 22:12 22:15 22:18
29 2300 c 2 2760 23:27 23:28 23:38
30 2500 c 2 3000 23:35 23:38 23:50

Total 40000 47616.25 (Y= 6; 60% increase)
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AT AWTS ALTS H7HHE ko] BAA S TE&st7]  AlEdold 23 s BoFa ok ol A%E A
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Table 2. Taguchi Experimental Design and Simulation Results

N XE Xps 7} p-value = 0.21630.2 2 gho] Yo} HF 2o
g

Experiment Service Center
No. AWT ALT
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1133211132301 011031131112-112-2-=2-11 1] 00022717 0
2133 211132350101 10535333413400 1 3 3] 000137026 0.295628
313321113 452323323131112-13400 1 3 3] 00004639 0.297002
4(3 321113 4523233253513334112-2-2-11 1] 000269918 0.00144997
5133233352301 23323131334112-2-213 3] 000093932 0.27304
613 32333523501 23325353112-13400-11 1] 00012195 0.0618938
713 3 2 3335452301103 131332413400-11 1] 000249174 0.0640979
813 32 3335452301105 353112-112-2-213 3] 000080681 0.27767
913 54 1135232301323 153113112¢00-11 3] 00010721 0.205481
0(3 5411352323013 25331332-13214-2-213 1] 000083529 0.164771
1113 5 4113545901 23103153114134-2-213 1] 00012329 0.168254
12(3 541 1354550123105 331332=-1122020-11 3] 000139864 0.205481
3(3 543313232323103153332=-11220201 3 1] 000140205 0.112592
4(3 54331323 23231¢05331114134-2-2-11 3] 000120358 0.240422
5(3 5 4331345501013 231533232¢-1314-2-2-11 3] 000109955 0.234605
6(3 543313 4501013253311 141 12001 3 1] 000074412 0.114894
7(5 3 4131525030312 3333132114-220-13 1] 000089 0.163904
18(53 4131525%03¢031251%51314-13220-211 3] 000140013 0.210356
9(5 3 41315 4321213¢03333132132¢0-211 3] 00015491 0.205481
20(53 413154321213 051%51314-114-220-13 1] 000137853 0.173211
21({5 3 4313325¢03213503333314-1114-2011 3] 000149472 0.240422
2({53 4313325¢03213051511321322¢0-2-13 1] 000088967 0.112592
22(53 4313343210312 33323314-13220-2-13 1] 0000952005 0.114894
24(5 3 4313 3432103125151 132114-2011 3] 000084346 0.234605
(55213 332521033503351134-11420-2-13 3] 000127743 0.293741
(5521333252 1033¢05133312132=-2011 1] 000238 0
27155213 33 43032112335 1134-132-2011 1] 000172528 0.00144997
(55213 33430321125 1333121140-2-13 3] 000080156 0.297002
29(55231152%521211233513121140-211 1] 000204999 0.0610271
(5523115252121 125133134-132:-220-13 3] 000080587 0.27304
315 523115 43¢03¢033503351312132-20-13 3| 000122835 0.27767
2(55231154303%03305133134-1140-211 1] 00020755 0.0671666
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Table 3. Experimental Design by Xas, Xa9 and X3 and Simulation Results

Experiment Service Center
No. 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 Y| AWT ALT
114 43222 43412122142 4222302 2-1-10 1 1|5[000431042|0
2 |4 432 22 43412122142 4222302 2-1-10 1 3f5/000231722]0.210091
3|14 43 222 43412122142 4222302 2-1-10 3 1|5/000133547|0.116187
4 (4 43 2 2 2 43 41212 2142 42 22302 2-1-10 3 3|5/0.00120054|0.284048
5 (4 4322 2 4341212214242 22302 4-1-10 1 1]5/00027534 |0.0635911
6 |4 4 3 2 2 2 43 41212 2142 42 2 2302 4-1-10 1 3|5[000140495]0.240923
704 43222 4341212 2142 422 2302 4-1-10 3 1|5/0.00144505]|0.170216
8 (4 43 2 2 2 43 41212 2142 42 2 2302 4-1-10 3 3|5/000125141|0.304902
9 14 43 2 2 2 43 412122142 4222302 2-1-101 1|7]000264093|0
04 4322 2 43412122142 4222302 2-1-10 1 3|7/00010982 |0.201414
1114 4 3 2 2 2 43 41212 2142 42 22302 2-1-10 3 1| 7|000057372]|0.1009975
1214 4 3 2 2 2 43 41212 2142 4222302 2-1-10 3 3|7/0000562 |0.272042
314 4322 2 43412122142 4222302 4-1-10 1 1|7|000152862|0.0589275
1414 43 2 2 2 43 412122142 4222302 4-1-10 1 3|7/000077728]0.22903
1514 43 2 2 2 43 412122142 4222302 4-1-10 3 1|7/000088577]|0.159275
6|4 43 22 2 43 41212 2142 42 22302 4-1-10 3 3|7)/0.0008054 |0.290031
Table 4. Results of Recursive Optimization/Simulation Procedure
Test Results (FT = 24:00)
@) @ ®)
4 (©) (6) M ®)
Service Center f Type X F T_AT T_ST TFT
1 350 B 4 455 20:57 20:57 20:59
2 700 B 4 910 21:09 21:12 21:16
3 800 B 4 1040 21:39 21:48 21:52
4 1100 B 2 1265 20:53 20:53 20:57
5 1050 A 2 1155 21:09 21:16 21:20
6 2500 C 2 3000 21:30 21:30 21:42
7 1100 C 4 1540 22:39 22:47 22:52
8 1500 C 3 1950 22:07 22:09 22:16
9 1900 C 4 2660 22:44 22:56 23:06
10 1000 B 1 1075 21:08 21:08 21:12
11 900 C 2 1080 21:44 21:52 21:56
12 750 A 1 787.5 21:18 21:20 21:23
13 650 C 2 780 21:55 21:56 21:59
14 950 B 2 1092.5 21:56 21:59 22:03
15 1550 A 1 1627.5 21:24 21:24 21:30
16 1250 B 4 1625 23:04 23:26 23:33
17 900 B 1 967.5 21:31 21:42 21:45
18 1250 C 4 1750 23:14 23:43 23:49
19 850 C 2 1020 22:13 22:16 22:20
20 2750 B 2 3162.5 22:18 22:20 22:32
21 1000 B 1 1075 21:56 22:03 22:07
22 2250 B 3 2756.25 23:10 23:33 23:43
23 650 A 0 650 21:38 21:45 21:48
24 2300 C 2 2760 22:52 23:06 23:16
25 2200 B 3 2695 23:35 23:49 24:00
26 550 A 0 550 22:03 22:07 22:09
27 1550 A 1 1627.5 22:38 22:40 22:47
28 900 A 1 945 22:43 22:52 22:56
29 2300 c 0 2300 22:21 22:32 22:40
30 2500 C 1 2750 23:02 23:16 23:26
Total 40000 47051.25 (Y= 6; 60% increase)
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