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Abstract.
efficiency when trucks transport containers to multiple

In consideration of low carbon emission and

container terminals, and truck appointment system which is
taken by container terminals to cope with the problem of
irregular arrival of trucks, a scheduling model was established
for trucks delivering containers from an outside yard to
multiple container terminals, with the objective of minimizing
the quantity of the dispatched outside yard’s trucks and the
total carbon emission of the scheduling plan. A modified ant
colony algorithm was designed to solve the model, and the
truck scheduling plan for delivering containers from outside
container yard to multiple container terminals in different
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time periods could be determined. Numerical experiments
show that the proposed model and designed algorithm are
effective. The study demonstrates that the trucks scheduling
scheme can reduce the amount of trucks that the yard must
hold and truck drivers’ working time. Therefore, the trucks
scheduling scheme can balance and meet low-carbon emission

and truck efficiency requirements.

Key words: truck appointment; carbon emission; truck

scheduling; container terminal; ant colony algorithm
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Fig. 1 Operation flow of delivery trucks from
single outside yard to multi-terminal
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BT R T EERFWEESEHE S o B TE
[1,2].01,3].[0, 1T BUEMS, 3@ 3 % B 24T K
LI IR, 8 € B T e WO R VR I £ TR S 4
BEINT FEE R EREN 1,K,=30,58
RHERFZ p=0.5  tHMELEE o=1, XN EEE
B=2 Mo M=30,{5 B & IE & Q=100. 24
AR BB R 5008T , B T 7R 2 AR B #3048
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®2 BEITMANRAFHERHRAXEE

Tab.2 Maximum delivery volume of container allowed

in each terminal at appointment periods i1
. J
’ 1 2 3 4 5 6 7
1 15 14 17 16 14 17 9
2 17 10 8 12 11 12 17
3 9 14 12 17 13 12 17
4 13 14 9 9 12 11 13
5 12 15 17 10 8 14 8
6 8 12 8 9 10 11 10
7 11 8 15 9 9 9 11
8 9 10 16 16 9 12 16
9 15 17 16 13 10 11 8
10 11 9 8 13 12 10 8
11 13 16 11 9 8 12 9
12 9 13 10 16 17 8 14

LA R SR AN 1AL 3 7.

F L 3 B B AR U B 38 S L3R B2 T
KPEFRHERIT S TRE, 55 %k B10E 400 R
B o T 38 P ER) SRR RO D sh ok N, B AR T
SR MG AR AR B B IR 7 R R SR 2

TR 34, By o h A VR B R B AL AR B an
IR TEXERWBBTES, B 1X5 BEAH
FFFICH LA BB AL, B T 5 M EFERK
FZ R AR A I TR 24 i B L A B BRI 26 48 T B
KR F S BT — IR EE A8 50 RG IR B HE 37 A s 2
AP A R FEHE Y S R at ). R 4 PEURAI T 3
BEFR A BREARE TRz BRE. B E &
CO; HEES 8.

e SRR A

- SRR

s 39k,
E@ 38 _\“Wﬁl,m\

L, et

e

R
£BRY
?éf

b,
A"‘"’\w\ T

0 50 100 150 200 250 300 350 400 450 50
BRI
3 ERIE 500 mMEUAER
Fig. 3 Optimized results of algorithm at iteration 500

®3 MANBTHERBRAEFAEFTR

Tab. 3 Optimal scheduling plan of truck in appointment system

£4 HEARS T
5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2, 1, (2, 2, (3, 1, (4, 1, (5, 1, (6, 1, (6, 2, (7, 1, (7, 2, (8, 1, (10, 1, (11, 1,
1 510’ O%’ 2, 94, 2, 188, 1, 282, 3, 401, 1, 495, 5, 614, 5, 668, 5, 722, 5, 776, 4, 830, égézo’;";;’416)4’?0’426’3)’7,1 118, 7,1 213,
e 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) ’ ’ o 0)
(1, 1 2, 1, (2, 2, (3, 1, (4, 1, (5, 1, (6, 1, (7, 1, (7, 2, (8, 1, (8, 2,(914(10, 1, (10, 2, (11, 1,
2, O’ 0)’ 2, 94, 2, 188, 2, 282, 1, 376, 1, 495, 7, 614, 6, 709, 5, 787, 4, 841, 4, 913, 985 O’) ’7,1057,7,1152, 7,1 247,
e 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) ’ 0) 0) 0)

(1, 1 2, 1, (3, 1, (3, 2, (4, 1, (5, 1, (5, 2, (6, 1, (6, 2, (7, 1, (7, 2, (816(916(10, 1, (11, 1, (11, 2,
3, 0’ 0)’ 1, 94, 2, 213, 2, 307, 1, 401, 5, 520, 5, 574, 5, 628, 5, 682, 5, 736, 5, 790, 84i 0’) ’994 0’) ’7,1072,7,1 167, 7,1 262,
T 0) ) 0) ) ) 0) ) () 0) 0) ’ ’ 0) 0) )

(1, 1 2, 1, (2, 2, (3, 1, (4, 1, (5, 1, (5, 2, (6, 1, (7, 1, (7, 2, (8, 1, (826(917(10, 1, (11, 1,
LI o’ 0)’ 2, 94, 2, 188, 2, 282, 2, 376, 3, 470, 5, 564, 1, 618, 5, 737, 5, 791, 4, 845, 91; o’) ’972’ O’) ’7,1090,7,1185,
e 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) ’ ’ 0) 0)

(1, 1 2, 1, (2, 2, (3, 1, (4, 1, (5, 1, (5, 2, (6, 1, (6, 2, (7, 1, (8, 1,(824(917(10, 1, 11, 1, (11, 2,
50, O’ 0)’ 1, 94, 2, 188, 2, 282, 2, 376, 3, 470, 5, 564, 4, 618, 5, 690, 6, 744, 6, 822, 906 O’) ’995 o’) > 7,1067,7,1 162, 7,1 257,
e 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) ’ ’ 0) 0) 0)

(1, 1 2, 1, (3, 1, (3, 2, (4, 1, (5, 1, (6, 1, (7, 1, (7, 2, (8, 1, (9, 1, (926(10, 1, (11, 1,
6 5 0’ 0)’ 1, 94, 3, 213, 2, 307, 2, 401, 1, 495, 3, 614, 4, 708, 6, 780, 6, 858, 7, 936, 10’31’0)’ 7,1 109, 7,1 204,
T 0) ) 0) ) ) 0) () ) 0) ) ) 0)
(1, 1, ¢2, 1, (3, 1, (4, 1, (4, 2, (5,1, (6, 1, (6, 2, (7, 1, (8, 1, (8 2, (9,1, 7 (1o, 1,11, 1,
7 2, 1, 94, 1, 213, 1, 332, 5, 451, 3, 505, 4, 599, 5, 671, 1, 725, 4, 844, 6, 916, 99i 0’) ’7,1089,7,1 184,
0,0,) O 0) 0) 0) 0) 0) 0) 0) 0) 0) i 0) 9
2, 1, (3, 1, (3, 2, (4, 1, (4, 2, (5, 1, (6, 1, (7, 1, (7, 2, (8, 1,
8 ;10’ O%’ 1, 94, 1, 213, 2, 307, 2, 332, 5, 426, 1, 480, 4, 599, 4, 725, 5, 797, 4, 851, ;gézo’)4’;gél()’)7’
o 0 0 0) ) 0 0) ) ) 0) ) ’ ’
(1, 1 2, 1, (3, 1, (4, 1, (4, 2, (5, 1, (6, 1, (6, 2, (7, 1, (7, 2, (8, 1,(914
°* 0’ 0)’ 1, 94, 1, 213, 1, 332, 5, 451, 4, 505, 4, 577, 5, 649, 7, 703, 6, 798, 1, 876, 99; 0’) ’
o 0) 0) 0 0) 0) 0) 0) 0) 0 i
(1, 1 2, 1, (3, 1, (3, 2, (4, 1, (5,1, (6, 1, (7, 1, (7, 2, (8, 1, (9, 1, (10, 1,
10 500 L 94 8, 218, 8,807, 2, 401, 3, 495, 1, 589, 4, 708, 6, 780, 7, 858, 4, 953, 2,1 025,
e 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0)
(1, 1 2, 1, (3, 1, (4, 1, (4, 2, (5, 1, (6, 1, (6, 2, (7, 1, (8, 1, (8, 2,(914
11 9 O’ 0)’ 1, 94, 1, 213, 2, 332, 5, 426, 1, 480, 4, 599, 5, 671, 1, 725, 7, 820, 6, 915, %é O’) ’
e 0) 0) 0) 0 0) 0) 0 0 0) 0 ’
(1, 1 2, 1, (3, 1, (4, 1, (4, 2, (5, 1, (6, 1, (6, 2, (7, 1, (8, 1, (8, 2,(914
12, 0’ 0)’ 1, 94, 1, 213, 3, 332, 5, 426, 1, 480, 7, 599, 5, 694, 7, 748, 4, 843, 4, 915, 985 0’) ’
T 0) 0) 0) 0) 0) 0) ) 0 0) 0) ’
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EAAMERIF

1

8

9 10 11 12 13 14

15

16

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

(1,

1,

2,0,0)

(1,

1,

2,0,0)

2,
1,
67)
2,
67)
2,
67)
2,
67)
2,
67)
(3,
197)
(3,
187)
(3,
197)
(3,
197)
(3,
2,
197)
4,
317
(4,
307
4,
307)
4,
307
(4,
307
4,
317)
4,
307
(4,
317
(5,
437)
(5,

4573

1,
0,

2, 1,
1, 94,
)

2z, 1,
1, 94,
0

2z, 2,
1, 186,
0

2, 2,
2, 186,
0

€z, 2,
2, 186,
0

2, 2,
2, 186,
0

3, 1,
1, 186,
0

3, 2,
2, 291,
0

3, 2,
2, 306,
0

3, 2,
1, 291,
0

3, 2,
3, 291,
0

3, 2,
2, 291,
0

4, 2,
3, 411,
0

4, 2,
3, 426,
0

4, 2,
1, 426,
0

4, 2,
2, 426,
0

4, 2,
3, 426,
0

4, 2,
1, 411,
0

4, 2,
5, 426,
0

5, 1,
4, 411,
36)

(5, 2,
3, 531,
0

7, 1,
7, 511,
166>

3, 1,
2, 213,
0

3, 1,
3, 213,
0)

3, 1,
3, 305,
0)

3, 1,
3, 305,
0

3, 1,
3, 280,
0)

3, 1,
3, 280,
0)

3, 2,
3, 3086,
0

(4, 1,
2, 385,
0)

4, 1,
2, 400,
0)

(4, 1,
2, 410,
0

4, 1,
3, 385,
0)

(4, 1,
5, 385,
0)

(5, 1,
3, 505,
0

(5, 1,
3, 520,
0

(5, 1,
3, 545,
0)

(5, 1,
1, 520,
0

(5, 1,
4, 520,
0

(5, 1,
1, 530,
0)

(5, 1,
5, 480,
0

(6, 1,
7, 519,
38)

6, 1,
7, 625,
0)

7, 2,
7, 772,
0

3, 2,
3, 307,
0

(3, 2,
3, 307,
0)

4, 1,
1, 399,
0)

4, 1,
1, 399,
0

4, 1,
5, 374,
0)

4, 1,
5, 374,
0)

4, 1,
2, 400,
0

(5, 1,
1, 479,
0)

(5, 1,
4, 494,
0)

(5, 1,
3, 504,
0

(5, 1,
4, 479,
0)

4, 2,
5, 439,
0)

(6, 1,
7, 599,
0

(6, 1,
3, 614,
0

(6, 1,
7, 639,
0)

(6, 1,
3, 639,
0

(6, 1,
3, 592,
0

(6, 1,
3, 649,
0)

(5, 2,
4, 534,
0

(6, 2,
1, 652,
0

7, 1,
7, 720,
0)

4, 1,
2, 401,
0

4, 1,
3, 401,
0

(5, 1,
3, 518,
0

5, 1,
1, 518,
)

4, 2,
5, 428,
0

4, 2,
5, 428,
0

5, 1,
3, 494,
0

(6, 1,
7, 598,
0

(5, 2,
4, 566,
0

6, 1,
7, 598,
0

(s, 2,
4, 551,
0

(5, 1,
4, 493,
0

7, 1,
1, 694,
0

7, 1,
1, 708,
0

7, 1,
4, 734,
0

7, 1,
4, 733,
0

6, 2,
4, 686,
0

7, 1,
6, 743,
0

6, 1,
1, 606,
0

7, 1,
1, 771,
0

(8, 1,
7, 815,
0

(5, 1,
1, 495,
0)

(5, 1,
3,
495,,
0)

6, 1,
4, 612,
0)

6, 1,
3, 637,
0

(5, 1,
3, 482,
0)

(5, 1,
3, 482,
0)

6, 1,
7, 588,
0

7, 1,
7, 693,
0)

6, 1,
1, 638,
0)

7, 1,
1, 693,
0

6, 1,
1, 623,
0)

5, 2,
4, 565,
0)

8, 1,
7, 813,
0)

8, 1,
7, 827,
0

7, 2,
4, 806,
0)

7, 2,
6, 805,
0

7, 1,
1, 758,
0

8, 1,
7, 821,
0)

7, 1,
7, 725,
0

8, 1,
1, 890,
0

8, 2,
7, 910,
0)

(6, 1,
3, 614,
0

6, 1,
1, 589,
0)

(6, 2,
4, 684,
0)

7, 1,
7, 731,
0

(5, 2,
5, 576,

0)

(5, 2,
5, 576,
0)

(6, 2,
4, 683,
0

7, 2,
6, 788,
0)

7, 1,
7, 757,
0)

8, 1,
1, 812,
0

7, 1,
1, 742,
0)

6, 1,
1, 637,
0)

(8, 2,
6, 908,
0

(8, 2,
6, 922,
0

8, 1,
7, 878,
0)

8, 1,
1, 883,
0

(8, 1,
7, 877,
0)

8, 2,
4, 916,
0)

(8, 1,
7, 820,
0

7, 1,
4, 708,
0

7, 1,
6, 708,
0

7, 1,
1, 756,
0

8, 1,
4, 826,
)

6, 1,
3, 630,
0

(6, 1,
7, 630,
0

7, 1,
1, 755,
0

8, 1,
1, 866,
0

(8, 1,
7, 852,
0

9, 1,
4, 931,
)

8, 1,
1, 861,
0

7, 1,
1, 756,
0

8, 2,
7, 915,
)

(7,2,4,(8,1,1,(9,1,4, (9, 2,4, (9, 2, 6,
780,0) 852,00 971,0) 1043,0)1013,0)

(7,2,5,(8,1,6,(8,2,4, (9,1, 4,
786,0) 840,00 918,00 990,0)

8,1,1, (9,1, 7,
875,0)  994,0)

(8,2,4,(9,1,6,
898,00 970,0)

(7,1,7,(8,1,7,(8,2,6, (9,1, 7,
724,0) 819,00 914,00 992,

,1,1,(8,1,7,(9,1, 6,
725,0)  844,0) 939,0)

(10, 1,
4,1 047,
0

(8,1,1, (9,1, 6,
874,0) 993,0)

9,1,6,
985,0)

9,1,6, (9, 2, 6,
947,00 1025,0)

9,2,6,
1003,0)

9,1,7,
980,0)

(8,1,7,(9,1,4,(9,2,4,
875,0) 970,00 1042,0)
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Tab. 4 Job information form of optimal scheduling plan in appointment system

EkHE EATBRE AR/ ﬁ&%é%ﬁﬁﬁ#l‘ﬁﬂ/ ﬁ&%&%f#ﬂﬂ‘l‘ﬂ/ E—%S:E\%%Hﬂ‘l‘ﬁl/ E—%S:E\&Vﬁﬁﬂll‘ﬁﬂ/ CO: HEm &/ %E{BIE#EJ%
km min min min min kg i 8] /min

1 1080 48 0 89 91 2 887. 20 1308

2 1120 45 0 83 94 2 992.53 1342

3 1040 48 0 93 104 2 783.07 1357

4 1 060 45 0 83 92 2 833.31 1280

5 1140 48 0 91 98 3047.19 1352

6 1080 42 0 82 95 2 886. 20 1299

7 1 060 42 9 84 93 2 833.20 1288

8 940 39 0 69 82 2 512. 00 1090

9 880 36 0 68 83 2 352. 66 1067
10 940 36 0 68 75 2510.78 1119
11 900 36 0 67 86 2 405, 89 1 065
12 880 36 0 70 73 2 351.78 1059
13 1 000 39 0 70 84 2 671.33 1091
14 800 36 0 72 69 2 139. 90 1062
15 860 30 67 61 71 2 296. 90 1089
16 800 30 67 59 67 2137, 24 1048
17 840 36 67 76 68 2 245, 89 1087
18 780 33 67 68 69 2 085.79 1017
19 900 33 67 65 77 2 404, 34 1119
20 720 27 197 50 69 1924.13 1063
21 760 30 187 56 70 2 031.24 1103
22 740 27 197 51 66 1.976.91 1081
23 740 27 197 53 58 1 .976. 25 1075
24 760 33 197 59 65 2 031.35 1114
25 560 21 317 47 41 1 496,05 986
26 580 21 307 46 46 1 549, 49 1 000
27 560 21 307 43 42 149571 973
28 580 21 307 40 54 1549, 71 1002
29 560 21 307 43 41 1 495, 60 972
30 560 21 317 44 46 1 496, 27 988
31 580 24 307 50 49 1 550. 59 1010
32 520 18 391 34 46 1 .388.83 1009
33 480 18 437 42 28 1281.72 1005
34 200 9 623 20 15 534, 86 867
it 27 000 1077 4 939 2 096 2 307 72 155. 91 37 387

3.3 HEHIXFLEA

T8 A O IR 1 X TR LA T 25 S8 A HE i
(¥ 205 K SRR BEOL AL 7 RAEATR AL B, 3R 5.6
HREG T AMEAZ e O TR B 1T 3 37 1 X [R) A
1 2 BR A AR Sk SRS AE 45 1) A B 5 18 7 58 B AR 6
i i A ARl i T B S B HiE. RIRR A 2245
ST R, eGP 7 R B IRA 39
WER, HERRZSEBRECY 11 K, L ERRT
BeHAR Ty 820 km, HoP#HEGAF A 124 0 min, -
ISR AFRr AT 1] 2 403. 33 min, 5 4K [ 3 37 1
FXJEFE Y 1182, 41 min, BRP-3 CO, HEE N
1 888. 77 kg. % 4 TAPLHI R R MLALTT
B RT, KT RERRARDUOY 34 91, WEETT
KEHERRESMGFTRECH 16 WK, PR KT H AR

A 1 140 km, 35 F- ¥ S5 REBFE] A 145, 26 min, i3k
FIYRERFATIAL N 61, 65 min, -RIRZGR EHEG V-
YIIFE 2 1 099. 62 min, K1Y CO, HEm &4
2 122. 23 kg.

MRS RPERBERE B BB H HT
PEERACR 34 &, BAAGMETT R 5 56507
ET CO, HEaX 73 662. 19 ke, 3 T BWAPLHIVLMTIT
% CO, EHER Ry 72 155. 91 ke, BRHEERTE B T
2. 04 %4 ; TRAWLH T B+ B AR 18] 437 387 min, £
LB 18, 9206 (RGBT &R AR AL 1]
4 46 114 min) s WAFRFA R 7 TR , BABLEI T 8
RO S G R DO T AP T
FAERIRSs B D S5 R b (8] 2 SR 2E e 7 A Y L T A
G R R B T BA {5 B 80EE  HAETESE
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JEVIRPSN

RSB G5 B B L AT T — 5k
BEATERHE AN R A 36 J5 TR Sk T TR R
PRI e RS L A AR — BRI ], R T T 1
PBRMTEFELL R CO, Hi.

H It AT L, 7 B T P AL F S f 3 24 5k 4R
RARA T R, fh T 2o A Sk 5 i ] 77 B 4%
PALY I Bed L9030 2417 B A 9 HE 7

LHESE A S IR o5 R AR ] LUSE Jin 5 {68 3t 22 HE 52 K
B 1 355 U7 AR ML SRR » 5 BEOAL RS Sk S8 e VRl 1)
TR VI B, BE A Sk I O O N R RS KRR 5
TG 8 A BE LU Le , AR SCRT M 2 B 3R BE AL A6 7
FRBE AR 0 S Bl B BOR L R i R AR AR
AP BR A RO BEIRTH FE » [ (RS S AR i 72 R i
CO; HE B B, AW/ S B 32 B A

x5 EHEXNEAEFTAEAER
Tab. 5 Traditional truck scheduling plan

£F o )i e gU S
%5 1 2 3 4 5 6 7 8 9 10 11 12
! (1,1,5, (1,2,6, (2,1,7, (3,1,2, (4,1,2, (4,2,3, (5,1,3, (6,1,4, (7,1,4, (8,1,1, (10,1,1,
0,0) 54,0) 132,0)  227,0) 324,00  418,0) 512,00  606,0) 678,00  750,0)  869,0)
o (L1,5, (1,2,6, (2,1,7, (3,1,2, (4,1,2, (4, 2,3, (5,1,3, (6,1,4, (7,1,4, (81,1, (10,1,1,
0,0) 54,0) 132,00 227,00 324,00 418,00  512,0) 606,00 678,00  750,0)  869,0)
3 (L 1,5 (1, 2,6, (2,1,7, (3,1,2, (4,1,2, (4,2,3, (5,1,3, (6,1,4, (7,1,4, (8, 1,1, (10,1,1,
0,0) 54,0) 132,0)  227,0) 324,00  418,0) 512,00  606,0) 678,00  750,0)  869,0)
L5 (12,6, (2,1,7, (3,1,2, (4,1,2, (4,2,3, (5,1,3, (6,1,4, (7,1,4, (8, 1,1, (10,1,1,
0,0) 54,0) 132,00 227,00 324,00 418,00  512,0) 606,00 678,00  750,0)  869,0)
s (L1,5 (1,2,6, (2,1,7, (3,1,2, (4,1,2, (4,2,3, (5,1,3, (6,1,4, (7,1, 4, (8, 1,1, 10,1,1,
0,0) 54,0) 132,0)  227,0) 324,00  418,0) 512,00  606,0) 678,00  750,0)  869,0)
e (L 1,5, (1,2,6, (2,1,7, (3,1,2, (4, 1,2, (4,2,3, (5, 1,3, (6, 1,4, (7,1,4, (81,1, (10,1,1,
0,0) 54,0) 132,00 227,00 324,00 418,00  512,0) 606,00 678,00  750,0)  869,0)
;  (L1,5 (1,26 (2,1,7, (3,1,2, (4,1,2, (4, 2,3, (5,1,3, (6,1,4, (7,1,4, (81,1, (10,1,1,
0,0) 54,0) 132,0)  227,0) 324,00  418,0) 512,00  606,0) 678,00  750,0)  869,0)
¢ (L1,5 (1,2,6, (2,1,7, (3,1,2, (4,1,2, (4,2,3, (5,1,3, (6,1,4, (7,1, 4, (8, 1,1, (10,1,1,
0,0) 54,0) 132,00 227,00 324,00 418,00  512,0) 606,00 678,00  750,0)  869,0)
o (L1,5 (1,2,6, (2,1,7, (3,1,2, (4,1,2, (4,2,3, (5,1,3, (7,1, 4, (8 1,1, (10,1,1,
0,0) 54,0) 132,0)  227,0> 324,00  418,0) 512,00  606,0) 759,00  906,0)
o (1,5 (12,6, (2,1,7, (3,1,2, (4,1,2, (42,6, (5,1,3, (6,1,7, (7,1,1, (9,1,4, (11,1,1,
0,0) 54,0) 132,00 227,00 324,00 418,00  496,0) 590,00 685,00  804,0)  999,0)
1 (1,1,5, (1,2,6, (2,1,7, (3,1,2, (4,1,2, (4,2,6, (5,1,3, (6,1,7, (7,1,1, (9,1,4, 1,1,1,
0,0) 54,0) 132,0)  227,0) 324,00  418,0)  496,0)  590,0)  685,0)  804,0)  999,0)
1 (1,5 (12,6, (2,1,7, (3,1,2, (41,2, (42,6, (5,1,3, (6,1,7, (7,1,1, (9,1,4, (11,1,1,
0,0) 54,0) 132,00 227,00 324,00 418,00  496,0) 590,00 685,00  804,0)  999,0)
13 (L1,5 (1,2,6, (2,1,7, (3,1,2, (4,1,2, (4,2,6, (5,1,3, (6,1,7, (7,1, 1, (9,1, 4, AL,1,1,
0,0) 54,0) 132,0)  227,0) 324,00  418,0)  496,0)  590,0)  685,0)  804,0)  999,0)
w15, (12,6, (2,1,7, (3, 1,2, (4,1,2, (4,2,6, (5,1,3, (6,1, 7, (7, 1,1, (9, 1,4, (11,1,1,
0,0) 54,0) 132,0)  227,0) 324,00  418,0)  496,0)  590,0)  685,0)  804,0)  999,0)
15 (L 1L,5 (21,6, (3,1,7, (4, 1,4, (5,1,4, (6, 1,2, (6,2,3, (7,1,3, (8,1,4, (82,4 (1,1,1,
0,0) 151,0)  229,0)  424,0) 496,00  568,0)  662,0)  756,0)  850,0) 922,00  994,0)
1 (L 1,5 (21,6, (3,1,7, (4,1, 4, (5,1,4, (6,1,2, (6,2,3, (7,1,3, (8 1,4, (8,2, 4, (L,1,1,
0,0) 151,0)  229,0) 424,00  496,0)  568,0)  662,0) 756,00  850,0) 922,00  994,0)
17 (1,5, (21,6, (3,1,7, (41,4, (5,1,4, (6,1,2, (6,2,3, (7,1,3, (8,1,4, (8, 2,4, (11,1,1,
0,0) 151,0)  229,0)  424,0) 496,00  568,0)  662,0)  756,0)  850,0) 922,00  994,0)
18 (L1,5 (2,1,6, (3,1,7, (4,1,4, (5,1,4, (6,1,2, (6,2,3, (7,1,3, (8 1,4, (8,2, 4, AL1,1,
0,0) 151,0)  229,0) 424,00  496,0)  568,0)  662,0) 756,00  850,0) 922,00  994,0)
o (1,5 (21,6, (3,1,7, (41,4, (5,1,4, (6,1,2, (6,2,3, (7,1,3, (8,1,4, (8, 2,4, (11,1,1,
0,0) 151,0)  229,0)  424,0) 496,00  568,0)  662,0)  756,0)  850,0) 922,00  994,0)
s (L 1,5 (2,1,6, (3,1,7, (4, 1, 4, (5,1,4, (6, 1,2, (6,2,3, (7,1,3, (8,1,4, (82,4, (11,1,1,
0,0) 151,0)  229,0) 424,00  496,0)  568,0)  662,0) 756,00  850,0) 922,00  994,0)
21 (1,1,5, (2,1,6, (3,1,7, (4,1,4, (5,1,4, (6,1,2, (7,1,3, (7,2,3, (8, 1,4, (10,1,1, (11,1,1,
0,0) 151,0)  229,0)  424,0) 496,00  568,0) 662,00 771,00  865,0) 937,00  1146,0)
9 (L 1,5 (2,1,6, (3,1,7, (4, 1, 4, (5,1,4, (6, 1,2, (7,1,3, (7,2,3, (81,4, (10,1,1, (11,1,1,
0,0) 151,0)  229,0> 424,00  496,0)  568,0)  662,0) 771,00  865,0)  937,0) 1 146,0)
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45 1 2 3 4 5 6 7 8 9 10 1 12
23 (1,1,5, (2,1,6, (3,1,7, (4,1,4, (6,1,4, (6,2,2, (7,1,1, (9,1,1, 12,1,1,
0,0) 151,0) 229,0) 424,00 496,0) 639,0) 733,0) 852,0) 1026,0)
24 (1,1,5, (2,1,6, (3,1,7, (5,1, 4, (5,2,7, (6,1,3, (7,1,3, (8,1,7,
0,0 151, 229,0) 424,0) 519,0) 614,0) 708,0) 802,0)
25 (1,1,5, (2,1,6, (3,1,7, (5,1,4, (5,2,7, (6,1,3, (7,1,3, (8, 1,7,
0,0) 151,0) 229,0) 424,00 519,0) 614,0) 708,0) 802,0)
2 (1,1,5, (4,1,7, (4,2,1, (5,1,2, (6,1,7, (7,1,1, (9,1,1, 12,1,1,
0,0 271,0) 412,0) 531,0) 625,00 720,0) 839,0) 1026,0)
27 (1,1,5, (4,1,7, (4,2,1, (5,1,2, (6,1,7, (7,1,1, (9,1,1, (12,1,1,
0,0) 271,0) 412,00 531,0) 625,0) 720,0) 839,0) 1026,0)
28 (1,1,5, (4,1,7, (4,2,1, (5,1,2, (6,1,7, (7,1,1, (9,1,1, 12,1,1,
0,0) 271,0) 412,00 531,0) 625,0) 720,0) 839,0) 1026,0)
29 (1,1,5, (4,1,7, (4,2,1, (5,1,2, (6,1,7, (7,1,1, (9,1,1, (12,1,1,
0,0 271,0) 412,0) 531,0) 625,00 720,0) 839,0) 1026,0)
30 (1,1,5, (4,1,7, (4,2,1, (5,1,2, (6,1,7, (7,1,1, (9,1,1, 12,1,1,
0,0) 271,0) 412,00 531,0) 625,0) 720,0) 839,0) 1026,0)
31 (17 1’ 5’ (4717 7’ (47 2717 (57 17 27 (7, 17 77 (9, 1’ 17
0,0) 271,0) 412,0) 531,0) 625,00 772,0)
32 (1? 1! 5! (4? 17 7! (4? 2? 17 (5? 17 2? (7! 17 7? (9! 1! 17
0,0) 271,0) 412,00 531,0) 625,0) 772,0)
33 (17 1’ 5’ (4717 7’ (47 2717 (57 17 27 (7, 17 77 (9, 1’ 17
0,0) 271,0) 412,0) 531,0) 625,00 772,0)
34 (1? 1! 5! (4? 17 7! (4? 2? 17 (5? 17 2? (7! 17 7? (9! 1! 17
0,0) 271,0) 412,00 531,0) 625,0) 772,0)
35 (17 1’ 5’ (4717 7’ (47 2717 (57 17 27 (7, 17 77 (9, 1’ 17
0,0) 271,0) 412,0) 531,0) 625,00 772,0)
36 (1? 1! 5! (4? 17 7! (4? 2? 17 (5? 17 2? (7! 17 7? (9! 1! 17
0,0) 271,0) 412,00 531,0) 625,0) 772,0)
37 (17 1’ 5’ (4717 7’ (47 2717 (57 17 27 (7, 17 77 (9, 1’ 17
0,0) 271,0) 412,0) 531,0) 625,00 772,0)
38 (1? 1! 5! (4? 17 7! (4? 2? 17 (5? 17 2? (7! 17 7? (9! 1! 17
0,0) 271,0) 412,00 531,0) 625,0) 772,0)
39 (17 1’ 5’ (5717 3’ (57 27 27 (77 17 77 (9, 17 17
0,0 391,0) 531,0) 625,0) 772,0)
x£6 EHEEATEFRAEARELEEE
Tab. 6 Traditional job information form of scheduling plan
R RATRER/ M EiiantE/ Mg et/ Bk RS/ Bk ARERR,  CO: HERE/ )5 i
4 km min min min min kg B E] /min
1 820 33 0 224 69 2 209,02 1146
2 820 33 0 224 69 2 209,02 1146
3 820 33 0 224 69 2 209, 02 1146
4 820 33 0 224 69 2 209, 02 1146
5 820 33 0 224 69 2 209,02 1146
6 820 33 0 224 69 2 209, 02 1146
7 820 33 0 224 69 2 209, 02 1146
8 820 33 0 224 69 2 209,02 1146
9 760 30 0 291 65 2 056. 65 1146
10 820 33 0 338 75 2 222,29 1 266
11 820 33 0 338 75 2 222.29 1 266
12 820 33 0 338 75 2 222,29 1 266
13 820 33 0 338 75 2 222,29 1 266
14 820 33 0 338 75 2 222,29 1 266
15 760 33 0 413 60 2 069, 92 1 266
16 760 33 0 413 60 2 069. 92 1 266
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ke BARER/  EHLAEMNIE/ g RERNE/ TR RAFRE/ Ik SIRIETE/ COp HFiE/ BRI
km min min min min kg At 8] /min
17 760 33 0 413 60 2 069. 92 1 266
18 760 33 0 413 60 2 069. 92 1 266
19 760 33 0 413 60 2 069. 92 1 266
20 760 33 0 413 60 2 069. 92 1 266
21 800 33 0 366 66 2171.38 1 265
22 800 33 0 366 66 2 171.38 1 265
23 680 27 0 615 64 1 880.02 1 386
24 560 24 0 272 41 1521.24 897
25 560 24 0 272 41 1521.24 897
26 680 24 0 620 62 1 880.02 1 386
27 680 24 0 620 62 1 880. 02 1 386
28 680 24 0 620 62 1 880. 02 1 386
29 680 24 0 620 62 1 880.02 1 386
30 680 24 0 620 62 1 880.02 1 386
31 480 18 0 486 42 1332.34 1026
32 480 18 0 486 42 1332.34 1026
33 480 18 0 486 42 1 332.34 1026
34 480 18 0 486 42 1 332.34 1026
35 480 18 0 486 42 1332.34 1026
36 480 18 0 486 42 1332.34 1026
37 480 18 0 486 42 1 332.34 1026
38 480 18 0 486 42 1332.34 1026
39 380 15 0 600 31 1 078.39 1026
&1t 27 000 1077 0 15 730 2 307 73 662.19 46 114
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