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This thesis has applied the Transportation Research Board (TRB, 1998) method
to ensure and solve the problem of bus scheduling by specifying the parameters and
limitations which are suitable for computer programming and easy to update or change
information. It aims to be efficient in bus scheduling and reduces cost during the process
under the constraints such as working time, bus driver rest stops, and maintenance or bus
route diversions. The Heuristic method includes Insert Block, Cut Block, and Insert and
Cut Block were adopted to test with the BMTA's bus routes data line 68, 76, 105,
111,140 and 141.The test results shown that the Insert and Cut Block is the most
effective method. This technique offered the smallest number of buses used with only
194 buses with non-interlining and 155 buses with interlining and it saved greater cost

comparing with scheduled bus by 58 percent and 67 percent respectively
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N_Trips | Departure Arrival Runnig Route Location_Start | Location End
2 5:00 6:35 1:35 3 1 1
3 6:00 8:18 2:18 2 1 1
4 6:35 8:53 2:18 3 1 1
5 7:00 9:43 2:43 2 1 1
6 8:23 10:45 2:22 2 1 1
7 8:53 11:15 2:22 3 1 1
8 9:45 12:02 2:17 2 1 1
9 10:45 13:39 2:54 2 1 1
10 11:15 13:10 1:55 3 1 1
11 11:18 13:56 2:38 1 1 2
12 12:09 15:01 2:52 2 1 1
13 13:40 14:02 0:22 9 1 5
14 14:00 17:33 3:33 1 2 1
15 14:16 15:41 1:25 7 3 1
16 15:09 15:57 0:48 6 1 1
17 15:45 19:20 3:35 2 1 1
18 16:00 18:26 2:26 3 1 1
19 17:38 19:52 2:14 2 1 1
20 18:27 21:17 2:50 2 1 1
21 19:20 20:41 1:21 6 1 1
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N _Trips | Departure Arrival Runnig Route Location_Start | Location End
22 19:56 22:22 2:26 2 1 1
23 20:48 21:49 1:01 7 1 3
24 21:18 22:08 0:50 6 1 1
25 22:30 23:30 1:00 1 1 2
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(Initial Block)
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° A 9 9y Vo = & v A A o
giuuvvesmae e 14 Idmnounimzauuaziulawanudesms ieheziimaves
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Foyaminsanluduaouda 11 Ao vuaounsdsuljainmstamaneanausalszsime
(Improvement Block)
0 v < ) LA = 9
Tumstmuagiuuumaanivesdeyaiu Humsszydianudesnsves
2 @ < 1 (A @ J 4 1
doyaluauaoudaly Tasmsnuamvesnaans 13 udausais q imeaeldnszuiunmslu
a 4 o % 9 9 o Y da! =< % [ o =\ 9 A
M5 AAsIzHMIMIAeDIazAT VTR URAANS 11 Iad10au Fedan)suaazadvziindi

uanANUeen 11 d391319N 3.9

1 Y 9
A15199 3.6 LAAIAI0E1Y Output ‘lJE]\WHiNL’JZﬂﬂﬁLﬂuﬁﬂﬂiﬁiﬂo"wnﬂlﬁ’OQﬁUVNWNQ

Initial Block No.: 1

Trip No.: 1, 3, 6,9, 13, 15, 17, 21, 23

Departure Time: 4:15, 6:00, 8:23, 10:45, 13:40, 14:16, 15:45, 19:20, 20:48
Arrival Time: 5:56, 8:18, 10:45, 13:39, 14:02, 15:41, 19:20, 20:41, 21:49
Location Start: 1,1, 1,1,1,3,1,1,1

LocationEnd: 1,1,1,1,5,1,1,1,3

Route No.:2,2,2,2,9,7,2,6,7

Worked Time: 1:41, 2:18, 2:22, 2:54, 0:22, 1:25, 3:35, 1:21, 1:01

Break Time: 0:00, 0:04, 0:05, 0:00, 0:01, 0:06, 0:04, 0:00, 0:07
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:08, 0:00, 0:00, 0:00

Total worked Time: 17:07

Total Break: 0:27




30

Total Deadhead : 0:08

Spread Time: 17:42

Initial Block No.: 2

Trip No.: 2, 4,7

Departure Time: 5:00, 6:35, 8:53
Arrival Time: 6:35, 8:53, 11:15
Location Start: 1, 1, 1

Location End: 1, 1, 1

Route No.:3,3,3

Worked Time: 1:35, 2:18, 2:22
Break Time: 0:00, 0:00, 0:00, 0:00
Deadhead Time: 0:00, 0:00, 0:00, 0:00
Total worked Time: 6:15

Total Break: 0:00

Total Deadhead : 0:00

Spread Time: 6:15

Initial Block No.: 3

Trip No.: 5, 8, 12, 16, 18, 20, 24

Departure Time: 7:00, 9:45, 12:09, 15:09, 16:00, 18:27, 21:18
Arrival Time: 9:43, 12:02, 15:01, 15:57, 18:26, 21:17, 22:08
Location Start: 1,1, 1,1, 1,1, 1

Location End: 1, 1,1, 1,1, 1, 1

Route No.:2,2,2,6,3,2,6

Worked Time: 2:43, 2:17, 2:52, 0:48, 2:26, 2:50, 0:50
Break Time: 0:00, 0:02, 0:07, 0:08, 0:03, 0:01, 0:01
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00
Total worked Time: 14:46

Total Break: 0:22
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Total Deadhead : 0:00

Spread Time: 15:08

Initial Block No.: 4

Trip No.: 11, 14, 19, 22, 25

Departure Time: 11:18, 14:00, 17:38, 19:56, 22:30
Arrival Time: 13:56, 17:33, 19:52, 22:22, 23:30
Location Start: 1,2, 1,1, 1

Location End: 2, 1,1, 1,2

Route No.:1,1,2,2,1

Worked Time: 2:38, 3:33, 2:14, 2:26, 1:00
Break Time: 0:00, 0:04, 0:05, 0:04, 0:08
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00
Total worked Time: 11:51

Total Break: 0:21

Total Deadhead : 0:00

Spread Time: 12:12
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Joya
Vehicle Break Max 4:00
Vehicle Break Min 0:00
Spread Max 16:00
Spread Min 0:00
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If Location End = Location Start

(Current Block)

; No deadhead (3.12.1)

(Next Block)

Else Location End # Location Start

(Current Block)

; Check: deadhead time < Vehicle Break (3.12.2)
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Initial Block No.: 1

Trip No.: 12, 95, 276, 400, 524, 718, 88, 949

Departure Time: 4:20, 6:09, 8:30, 10:45, 12:54, 15:48, 18:25, 19:38
Arrival Time: 6:02, 8:24, 10:45, 12 52, 15:46, 18:16, 19:36, 22:21
Location Start: 1,1, 1,1, 1,1, 3, 1

LocationEnd: 1,1,1,1,1,4,1,2

Route No.: 3,3,3,3,2,8,7, 1

Worked Time: 1:42, 2:15, 2:15, 2:07, 2:52, 2:28, 1:11, 2:43

Break Time: 0:00, 0:07, 0:06, 0:00, 0:02, 0:02, 0:01, 0:02
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:08, 0:00

Total Worked Time: 17:33 hr.

Total Break: 0:28 hr.

Total Deadhead: 0:08

Spread Time: 18:01 hr.

Initial Block No.: 2

Trip No.: 30, 76, 140, 222, 309, 370, 458, 605, 827, 1015

Departure Time: 5:00, 5:50, 6:42, 7:42, 9:00, 10:12, 11:40, 14:08, 17:27, 21:00
Arrival Time: 5:48, 6:38, 7:41, 8:59, 10:11, 11:26, 14:03, 17:23, 20:52, 22:45
Location Start: 1, 1,1, 1,1, 1,4, 1,2, 1

Location End: 1,1,1,1,1,5,1,2,1,2

Route No.: 6,6,6,6,6,9,8,1,1, 1

Worked Time: 0:48, 0:48, 0:59, 1:17, 1:11, 1:14, 2:23, 3:15, 3:25, 1:45
Break Time: 0:00, 0:02, 0:04, 0:01, 0:01, 0:01, 0:05, 0:05, 0:04, 0:08
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:09, 0:00, 0:00, 0:00
Total Worked Time: 17:05 hr.

Total Break: 0:40 hr.
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Total Deadhead: 0:09

Spread Time: 17:45 hr.

Initial Block No.: 3

Trip No.: 56, 120, 201, 274, 338, 393, 445, 560, 784, 838, 905, 987, 1067, 1073

Departure Time: 5:30, 6:28, 7:28, 8:28, 9:36, 10:36, 11:30, 13:25, 16:45, 17:40, 18:48,
20:21, 22:30, 23:30

Arrival Time: 6:22, 7:26, 8:25, 9:28, 10:35, 11:30, 13:25, 16:45, 17:34, 18:48, 20:18, 22:23,
23:20, 0:31

Location Start: 1,1, 1,1, 1, 1,1, 1,1,1,1,3,1, 1

Location End: 1, 1,1,1,1,1,1,1,1,1,3,1,1,3

Route No.: 5,5, 5,5,5,5,4,3,6,5,7,7,6, 7

Worked Time: 0:52, 0:58, 0:57, 1:00, 0:59, 0:54, 1:55, 3:20, 0:49, 1:08, 1:30, 2:02, 0:50,
1:01

Break Time: 0:00, 0:06, 0:02, 0:03, 0:08, 0:01, 0:00, 0:00, 0:00, 0:06, 0:00, 0:03, 0:07, 0:10
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00,
0:00

Total Worked Time: 18:15 hr.

Total Break: 0:46 hr.

Total Deadhead: 0:00

Spread Time: 19:01 hr.

Initial Block No.: 4

Trip No.: 142, 314, 448, 612

Departure Time: 6:45, 9:09, 11:30, 14:15
Arrival Time: 9:03, 11:26, 14:11, 17:01
Location Start: 1,1, 1, 1

Location End: 1,1, 1, 1

Route No.: 2,2,2,2
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Worked Time: 2:18, 2:17, 2:41, 2:46
Break Time: 0:00, 0:06, 0:04, 0:04
Deadhead Time: 0:00, 0:00, 0:00
Total Worked Time: 10:02 hr.

Total Break: 0:14 hr.

Total Deadhead: 0:00

Spread Time: 10:16 hr.

Initial Block No.: 5

Trip No.: 434, 597
Departure Time: 11:18, 14:00
Arrival Time: 13:56, 17:33
Location Start: 1, 2
Location End: 2, 1

Route No.: 1, 1

Worked Time: 2:38, 3:33
Break Time: 0:00, 0:04
Deadhead Time: 0:00

Total Worked Time: 6:11 hr.
Total Break: 0:04 hr.

Total Deadhead: 0:00

Spread Time: 6:15 hr.

Initial Block No.: 6

Trip No.: 467, 534, 602, 663, 725

Departure Time: 11:50, 13:00, 14:00, 15:00, 15:54

Arrival Time: 12:57, 13:58, 15:00, 15:48, 16:42

Location Start: 1, 1,1, 1, 1
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Location End: 1,1,1,1,1

Route No.: 6, 6, 6, 6, 6

Worked Time: 1:07, 0:58, 1:00, 0:48, 0:48
Break Time: 0:00, 0:03, 0:02, 0:00, 0:06
Deadhead Time: 0:00

Total Worked Time: 4:41 hr.

Total Break: 0:11 hr.

Total Deadhead: 0:00

Spread Time: 4:52 hr.

Initial Block No.: 7

Trip No.: 803, 860
Departure Time: 17:00, 18:00
Arrival Time: 17:53, 19:03
Location Start: 1, 1
Location End: 1, 1

Route No.: 6,6

Worked Time: 0:53, 1:03
Break Time: 0:00, 0:07
Deadhead Time: 0:00

Total Worked Time: 1:56 hr.
Total Break: 0:07 hr.

Total Deadhead: 0:00

Spread Time: 2:03 hr.

Initial Block No.:8
Trip No.: 891

Departure Time: 18:32
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Arrival Time: 19:36

Location Start: 1

Location End: 1

Route No.: 5

Worked Time: 1:04

Break Time: 0:00

Deadhead Time: 0:00

Total Worked Time: 1:04 hr.

Total Break: 0:00 hr.
Total Deadhead: 0:00

Spread Time: 1:04 hr.

Initial Block No.:9
Trip No.: 944
Departure Time: 19:30
Arrival Time: 21:23
Location Start: 5
Location End: 1

Route No.: 9

Worked Time: 1:53
Break Time: 0:00

Deadhead Time: 0:00

Total Worked Time: 1:53 hr.

Total Break: 0:00 hr.
Total Deadhead: 0:00

Spread Time: 1:53 hr.

Initial Block No.:10




42

Trip No.: 980
Departure Time: 20:13
Arrival Time: 20:58
Location Start: 1
Location End: 1

Route No.: 5

Worked Time: 0:45
Break Time: 0:00
Deadhead Time: 0:00
Total Worked Time: 0:45 hr.
Total Break: 0:00 hr.

Total Deadhead: 0:00

Spread Time: 0:45 hr.

A o 1 Agyy o 9 Y o o
1NA1T NN 3.8 !”]Ju@]fl’f]EJ'N1/]1611511@lluﬁ"L!'IL"U'lﬂl@\?ﬂll!@]@ﬂﬂ'lﬁﬂiﬂﬂ?\?ﬂ'ﬁﬂﬂ
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Start/End Time

Block Spread
No. 3[4 |5 16 |7 |8 |9 10 {11 (12 |13 |14 (15|16 |17 |18 |19 |20 |21 {22 |23 |0 Time
1 4:20 22:21 18:01
2 5:00 22:45 17:45
3 5:30 0:31 19:01
A 6:45 17:03 10:16
11:18 17:33
5 6:15
11:50 16:42
6 4:52
; 17:00 19:03 5.03
g 18321936 04
9 19:30 21:23 1:53
10 20:13___20:58 0:45
319 3.3 wwuglinaasaa lumsiGumga msshauvesnsisausatlszsmaiiosdu (Initial Blocking)

(374
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1nMIdamsnatausnlszsimaiiosdulag1d3s Insert Block #1150

YFulgemsnnanausolszsmeddiianiosas 33910151935 Insert 11197 1da 114

A9A15199 3.13

=i o a o ya
M131N 3.9 AT NLEAAIHANITIAMT AU DTN Iﬂﬂahﬂ‘ﬁ Insert Block

Improvement Block No.: 1

Initial Block No.: 1

Trip No.: 12, 95, 276, 400, 524, 718, 883, 949

Departure Time: 4:20, 6:09, 8:30, 10:45, 12:54, 15:48, 18:25, 19:38
Arrival Time: 6:02, 8:24, 10:45, 12:52, 15:46, 18:16, 19:36, 22:21
Location Start: 1,1, 1,1, 1,1, 3,1

Location End: 1,1,1,1,1,4,1,2

Route No.: 3,3,3,3,2,8,7, 1

Worked Time: 1:42, 2:15, 2:15, 2:07, 2:52, 2:28, 1:11, 2:43

Break Time: 0:00, 0:07, 0:06, 0:00, 0:02, 0:02, 0:01, 0:02
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:08, 0:00
Vehicle Break: 0:00

Total Worked Time: 17:33 hr.

Total Break: 0:28 hr.
Total Deadhead: 0:08

Total Vehicle Break: 0:00

Spread Time: 18:01 hr.

Improvement Block No.: 2

Initial Block No.: 2

Trip No.: 30, 76, 140, 222, 309, 370, 458, 605, 827, 1015

Departure Time: 5:00, 5:50, 6:42, 7:42, 9:00, 10:12, 11:40, 14:08, 17:27, 21:00
Arrival Time: 5:48, 6:38, 7:41, 8:59, 10:11, 11:26, 14:03, 17:23, 20:52, 22:45

Location Start: 1,1, 1, 1,1, 1,4, 1,2, 1
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LocationEnd: 1,1,1,1,1,5,1,2, 1,2

Route No.: 6,6,6,6,6,9,8,1,1,1

Worked Time: 0:48, 0:48, 0:59, 1:17, 1:11, 1:14, 2:23, 3:15, 3:25, 1:45
Break Time: 0:00, 0:02, 0:04, 0:01, 0:01, 0:01, 0:05, 0:05, 0:04, 0:08
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:09, 0:00, 0:00, 0:00
Vehicle Break: 0:00

Total Worked Time: 17:05 hr.
Total Break: 0:40 hr.

Total Deadhead: 0:09
Total Vehicle Break: 0:00

Spread Time: 17:45 hr.

Improvement Block No.: 3

Initial Block No.: 3

Trip No.: 56, 120, 201, 274, 338, 393, 445, 560, 784, 838, 905, 987, 1067, 1073

Departure Time: 5:30, 6:28, 7:28, 8:28, 9:36, 10:36, 11:30, 13:25, 16:45, 17:40, 18:48, 20:21,
22:30, 23:30

Arrival Time: 6:22, 7:26, 8:25, 9:28, 10:35, 11:30, 13:25, 16:45, 17:34, 18:48, 20:18, 22:23,
23:20, 0:31

Location Start: 1,1, 1,1,1,1,1,1,1,1,1,3,1, 1

Location End: 1,1,1,1,1,1,1,1,1,1,3,1,1,3

Route No.: 5, 5,5,5,5,5,4,3,6,5,7,7,6,7

Worked Time: 0:52, 0:58, 0:57, 1:00, 0:59, 0:54, 1:55, 3:20, 0:49, 1:08, 1:30, 2:02, 0:50, 1:01
Break Time: 0:00, 0:06, 0:02, 0:03, 0:08, 0:01, 0:00, 0:00, 0:00, 0:06, 0:00, 0:03, 0:07, 0:10
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00
Vehicle Break: 0:00

Total Worked Time: 18:15 hr.
Total Break: 0:46 hr.

Total Deadhead: 0:00
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Total Vehicle Break: 0:00

Spread Time: 19:01 hr.

Improvement Block No.: 4

Initial Block No.: 4, 8, 10

Trip No.: 142, 314, 448, 612, 891, 980

Departure Time: 6:45, 9:09, 11:30, 14:15, 18:32, 20:13
Arrival Time: 9:03, 11:26, 14:11, 17:01, 19:36, 20:58
Location Start: 1,1, 1,1, 1, 1

LocationEnd: 1,1,1,1,1, 1

Route No.:2,2,2,2,5,5

Worked Time: 2:18, 2:17, 2:41, 2:46, 1:04, 0:45
Break Time: 0:00, 0:06, 0:04, 0:04, 0:00, 0:00
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00

Vehicle Break: 1:31, 0:37

Total Worked Time: 11:51 hr.

Total Break: 0:14 hr.

Total Deadhead: 0:00
Total Vehicle Break: 2:08

Spread Time: 14:13 hr.

Improvement Block No.: 5

Initial Block No.: 5, 9

Trip No.: 434, 597, 944

Departure Time: 11:18, 14:00, 19:30
Arrival Time: 13:56, 17:33, 21:23
Location Start: 1,2, 5

Location End: 2, 1, 1

Route No.: 1, 1,9
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Worked Time: 2:38, 3:33, 1:53
Break Time: 0:00, 0:04, 0:00
Deadhead Time: 0:00, 0:00

Vehicle Break: 1:57
Total Worked Time: 8:04 hr.

Total Break: 0:04 hr.
Total Deadhead: 0:00
Total Vehicle Break: 1:57

Spread Time: 10:05 hr.

Improvement Block No.: 6

Initial Block No.: 6, 7

Trip No.: 467, 534, 602, 663, 725, 803, 860

Departure Time: 11:50, 13:00, 14:00, 15:00, 15:54, 17:00, 18:00
Arrival Time: 12:57, 13:58, 15:00, 15:48, 16:42, 17:53, 19:03
Location Start: 1,1, 1,1, 1,1, 1

LocationEnd: 1, 1,1,1,1, 1,1

Route No.: 6, 6, 6,6, 6,6, 6

Worked Time: 1:07, 0:58, 1:00, 0:48, 0:48, 0:53, 1:03

Break Time: 0:00, 0:03, 0:02, 0:00, 0:06, 0:00, 0:07
Deadhead Time: 0:00, 0:00

Vehicle Break: 0:18

Total Worked Time: 6:37 hr.

Total Break: 0:18 hr.
Total Deadhead: 0:00

Total Vehicle Break: 0:18

Spread Time: 7:13 hr.




Start/End Time

Spread

Block No.

3 4 5 6 7 8 |9 10 |11 (12 |13 |14 |15 |16 |17 |18 |19 |20 |21 |22 (23 |0 Time
1 4:20 22:21 18:01
2 5:00 22:45 17:45
3 5:30 0:31 19:01

6:45 .
4 20:58 14:13
11:18 21:23
5 10:05
11:50 .

6 L1203 7:13

517 3.4 uwugluaaswavearar lunmsisu/mea veeamsUTulgemsuausn1szd1m1e (Improvement Blocking) Tael93% Insert Block
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Improvement Block No.: 1

Initial Block No.: 3L

Trip No.: 56, 120, 201, 274, 338,393, 44 ,560,7 4, 838, 905, 987

Departure Time: 5:30, 6:28, 7:28, 8:28, 9:36, 10:36, 11:30, 13:25, 16:45, 17:40, 18:48
Arrival Time: 6:22, 7:26, 8:25, 9:28, 10:35, 11:30, 13:25, 16:45, 17:34, 18:48, 20:18
Location Start: 1,1, 1,1,1,1,1,1,1,1,1

Location End: 1,1,1,1,1,1,1,1,1,1,3

Route No.: 5,5, 5,5,5,5,4,3,6,5,7

Worked Time: 0:52, 0:58, 0:57, 1:00, 0:59, 0:54, 1:55, 3:20, 0:49, 1:08, 1:30

Break Time: 0:00, 0:06, 0:02, 0:03, 0:08, 0:01, 0:00, 0:00, 0:00, 0:06, 0:00
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Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00
Vehicle Break: 0:00

Total Worked Time:15:22 hr.
Total Break: 0:26 hr.

Total Deadhead: 0:00
Total Vehicle Break: 0:00

Spread Time: 15:48hr.

Improvement Block No.: 2

Initial Block No.: 1L

Trip No.: 12, 95, 276, 400, 524, 718, 883

Departure Time: 4:20, 6:09, 8:30, 10:45, 12:54, 15:48, 18:25
Arrival Time: 6:02, 8:24, 10:45, 12:52, 15:46, 18:16, 19:36
Location Start: 1,1, 1,1, 1,1, 3

LocationEnd: 1,1,1,1,1,4,1

Route No.: 3,3,3,3,2,8,7

Worked Time: 1:42, 2:15, 2:15, 2:07, 2:52, 2:28, 1:11
Break Time: 0:00, 0:07, 0:06, 0:00, 0:02, 0:02, 0:01
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:08
Vehicle Break: 0:00

Total Worked Time: 14:50 hr.

Total Break: 0:18 hr.
Total Deadhead: 0:08

Total Vehicle Break: 0:00

Spread Time: 15:16 hr.

Improvement Block No.: 3

Initial Block No.: 2L

Trip No.: 30, 76, 140, 222, 309, 370, 458, 605, 827, 1015
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Departure Time: 5:00, 5:50, 6:42, 7:42, 9:00, 10:12, 11:40, 14:08, 17:27
Arrival Time: 5:48, 6:38, 7:41, 8:59, 10:11, 11:26, 14:03, 17:23, 20:52
Location Start: 1,1, 1,1,1,1,4,1,2

Location End: 1,1,1,1,1,5,1,2, 1

Route No.: 6,6, 6,6,6,9,8, 1, 1

Worked Time: 0:48, 0:48, 0:59, 1:17, 1:11, 1:14, 2:23, 3:15, 3:25

Break Time: 0:00, 0:02, 0:04, 0:01, 0:01, 0:01, 0:05, 0:05, 0:04
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:09, 0:00, 0:00
Vehicle Break: 0:00

Total Worked Time:15:20 hr.
Total Break: 0:23 hr.

Total Deadhead: 0:09
Total Vehicle Break: 0:00

Spread Time: 15:52 hr.

Improvement Block No.: 4

Initial Block No.: 4, 8

Trip No.: 142, 314, 448, 612, 8§91

Departure Time: 6:45, 9:09, 11:30, 14:15, 18:32
Arrival Time: 9:03, 11:26, 14:11, 17:01, 19:36
Location Start: 1,1, 1,1, 1

Location End: 1,1, 1,1, 1

Route No.:2,2,2,2,5

Worked Time: 2:18, 2:17, 2:41, 2:46, 1:04
Break Time: 0:00, 0:06, 0:04, 0:04,0:00
Deadhead Time: 0:00, 0:00, 0:00, 0:00

Vehicle Break: 1:31

Total Worked Time: 11:06hr.

Total Break: 0:14 hr.




Total Deadhead: 0:00
Total Vehicle Break:

Spread Time: 13:51hr.

Improvement Block No.: 5

Initial Block No.: 5, 9

Trip No.: 434, 597, 944
Departure Time: 11:18, 14:00, 19:30
Arrival Time: 13:56, 17:33, 21:23
Location Start: 1,2, 5

Location End: 2, 1, 1

Route No.: 1, 1,9

Worked Time: 2:38, 3:33, 1:53
Break Time: 0:00, 0:04, 0:00
Deadhead Time: 0:00, 0:00

Vehicle Break: 1:57
Total Worked Time: 8:04 hr.

Total Break: 0:04 hr.
Total Deadhead: 0:00
Total Vehicle Break: 1:57

Spread Time: 10:05 hr.

Improvement Block No.: 6

Initial Block No.: 6, 7

Trip No.: 467, 534, 602, 663, 725, 803, 860

Departure Time: 11:50, 13:00, 14:00, 15:00, 15:54, 17:00, 18:00
Arrival Time: 12:57, 13:58, 15:00, 15:48, 16:42, 17:53, 19:03
Location Start: 1,1, 1,1, 1,1, 1

LocationEnd: 1, 1,1,1,1,1,1




Route No.: 6, 6, 6, 6, 6, 6, 6

Worked Time: 1:07, 0:58, 1:00, 0:48, 0:48, 0:53, 1:03
Break Time: 0:00, 0:03, 0:02, 0:00, 0:06, 0:00, 0:07
Deadhead Time: 0:00, 0:00

Vehicle Break: 0:18

Total Worked Time: 6:37 hr.

Total Break: 0:18 hr.
Total Deadhead: 0:00

Total Vehicle Break: 0:18

Spread Time: 7:13 hr.

Improvement Block No.: 7

Initial Block No.: 1R
Trip No.: 949

Departure Time: 19:38
Arrival Time: 22:21
Location Start: 1
Location End: 2

Route No.: 1

Worked Time: 2:43
Break Time: 0:00
Deadhead Time: 0:00
Vehicle Break: 0:00
Total Worked Time: 2:43 hr.
Total Break: 0:00 hr.
Total Deadhead: 0:00
Total Vehicle Break: 0:00

Spread Time: 2:43 hr.
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Improvement Block No.: 8

Initial Block No.: 10, 2R
Trip No.: 980, 1015
Departure Time: 20:13, 21:00
Arrival Time: 20:58, 22:45
Location Start: 1, 1

Location End: 1, 2

Route No.: 5, 1

Worked Time: 0:45, 1:45

Break Time: 0:00, 0:00
Deadhead Time: 0:00, 0:00

Vehicle Break: 0:00,0:02

Total Worked Time: 2:30 hr.
Total Vehicle Break: 0:00 hr.

Spread Time: 2:32 hr.

Improvement Block No.: 9

Initial Block No.: 3R

Trip No.: 987, 1067, 1073
Departure Time: 20:21, 22:30, 23:30
Arrival Time: 22:23, 23:20, 0:31
Location Start: 3, 1, 1

Location End: 1, 1, 3

Route No.: 7, 6,7

Worked Time: 2:02, 0:50, 1:01

Break Time: 0:07, 0:10
Deadhead Time: 0:00, 0:00

Vehicle Break: 0:00

Total Worked Time: 3:53 hr.
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Total Break: 0:17 hr.
Total Deadhead: 0:00
Total Vehicle Break: 0:00

Spread Time: 4:10 hr.




Block Start/End Time Spread
No. 3 4 5 6 10 {11 (12 |13 |14 |15 |16 |17 |18 |19 |20 |21 |22 (23 |0 1 2 Time
1 5:30 20:18 15:48
> 4:20 19:36 15:16
6:45 .
4 12:36 13:51
11:18 21:23
5 10:05
11:50 19:03

6 7:13
7 19:38 22:21 2:43
8 20:13 22:45 232
9 20:21 0:31 410
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6S



60

910131935015 Cut Block 11928 Tumsdsulesasiananausalszi

Y
ad A

9 v 1
NN YAAUYIITUAD ansafuanamauai g lunmsiauvessounaz il tilevgann
A ] o = o o A dy = Y
Wiogou113e Famsimuanarlunsiiuunigall ansolasunladldaiuaiy
ML ANVDIAITINAMANTDU TN
(3) Insert and Cut Block
I A, 1 a
13 UN1559935M5 Insert t1ag Cut Block 114N151IA1UDIAIT 1A UAUTD
Y [
15231919 (Improvement Blocking) Tag1i19a1aUu09I5 N 150 Ie09015200 U 1o 1HA1v09
a o d' Y =\ a A 49! = ?zlz [
m31nanauslszimn nlaaseunguuazldseaniamuniu Taelivuasulunisia

M3 UANIN5EI M As31N 3.7



START

o =
VYUADUN 1

@onnusmUMIAUNNEUdY ¢
910 Departure Time Nunou

A 4

VUADUN 2
A a 1
.0 »| 1envnsmIMIAUNeae 11an

Qan

. @ A o ] =
Departure Timena 1183 liigniden

Vehicle Break Min <
Vehicle Break < Vehicle Break Max

JUADUN 3
= a o ]
@onaInanausalszdmaae i

NAFUMAAUITEIIMDUY
NAUNTD Deadhead lanio'la

93739891 Deadhead Time

9
%

19 3.7 9

Deadhead Time=
Vehicle Break

M1 AT 052N
Y
nruAgNIenNIa)

aoumsUsulgamsananausnilszs1m1aTaelH3s Insert and Cut Block

61



62

L1

JUADUN 4
= 1 . 9
{38901 Spread Time 110 liioe

A

Yunoun 4
Lﬁﬂﬂ Spread Time Miﬂvlﬂfljﬂﬂ

Spread Min <

pread Time < Spread Ma

\ 4

R JUADUN 6
Y wnsananausgliziing |

9NTnitial Blocking N3 lgniden
W30 Leftover

v
o =
VYUADUN 6.1
Aa o A Y
Lﬁaﬂmﬁmmmumﬂizmmmmu
910 Departure Time NWINOU

v

YUADUN 6.2
A a o 1
@onmIaanausalszdimane i
. A
nInsert Blocking 1130 Leftover

A o ] =
N laigniaen

M5 UAUT 52NN
Y
NINUAYNIADNIAY

9
C%

A 4

2 ~
JUABUN 5
AAAIUDINIT A UAY

o d’d 1
5915291 aNI
11NN Spread Maxoon

'

Leftover > Spread Max

517 3.7 Junoumsdivlgsmarsnanausnllsz1maIaelsas nsert and Cut Block (9)



63
Z‘, A = a ) A 9
JUADUN 1 189NA1T 1N NAUTDUTEIINUTUAY
(Select First Initial Block)
I = a o A Y a
WuMsaenn1519na 1N 0152 3MMNIUS VAU INHUIVQVUDIAIT 1A
0 & .. ) N '
so1szdimaiioadu (Initial Blocking) Tagaena1ANAUAUNIBDAIANIAUNI (Departure
. [ [ 3’, [ a g’/ = A o 9 A Y Y
Time) MnnoY 1HaY 9INTUATIIAODNAITIINAIAUTDUUNIABNUI BEY D1gnidonud 1
[ A a o 2 9 = g’;
aav liidenastanandusalsyimasudulnudnasa
g.ll d‘ A a o |
TUADUN 2 : AN 1IaNARIY Tz I Mane T
(Select Next Initial Blocking)
I A a ) dy Y ! A ~ v
Wumsaenaisiuausalszdimaiesduae i Tngdoniissninaives
[ v Y
NANPBNAMIAUNI (Departure Time) NUINOU 1/HAI9INTUATIVTOVIINTIIAUAUTD
3’, A G o 9y = 9 Y o A a o A 9 = g’;
nugniaenuieds Mgnidenudi linauliidenamsenanausolszdimasudulnidnnss
19 o 1 = Y Y o w A 1 . Y A
uathds ligniden Tdasraaeudosinai 3.8 nazwiA1Ue9 Vehicle Break laainaumsi 3.11
tansnilszinesea Taolifinis 19 (Vehicle Break) Tiogluitonly Idndu'lihidon
a [ 1 9 1 A 9y Y o w T 9 [
msanausnlszsimeae 11 dregluteu laliassdendedinavesmauniaazn
g’/ ~ A A a o 9 a A
Uargnialutuaoun 3 e@onm51uaNTalseIMIINEUNMUAUTDDUY 9
g’/ ~ A a o 1 Y
TUAUN 3 : AONA1T 1A UAUITDUTEIINae Tiandunia
= o d‘
AUSUTZTTINNOU
I 3’/ A a ) F) a o
WUTUABUNITIADNA1T19a UALTDUTLIIMIIMFUN AU DY 52
d' d' 1T 9 1 [ = (% A ]
nou q Tagmsasnndeutou lvvesmaunisuaznidatensiniua@ednunio lian
A 4
Qou'lun 3.12
g‘u d' = a o dy 9 d'd 1
VUADUTN 4 : 5890151908 1AUTDTZMUDDIAUNTAIVDY

Spread Time AtAWN ldaantosnga

9 £4 1
CY = aA

I = J R o 9 A A
mumuugﬂumﬂimmmm Spread Time 1/1mm1ﬂ"lﬂmuaw A tyan
a4 1 3 g q9ya a 0 L 9 da LA

M3SeaANEsAa) 1Haena1s1aatausodseImiaesauni Spread Time N
d‘ d' g ] A 1 . 1 1 d‘ d' A 1
nga Tﬂﬂ‘ﬂﬂ\‘lllwgﬂlaﬂﬂ ATIVABUANIVDY Spread Time 31agﬂumau"lw 3.9 vi5e 1y

{,’ﬂ ~ @ 1 a o j’ Y A

TUADUN 5 : MIAAAIVDINT A UAUITDUTE ML BIAUNTM

Spread Time 1IN Spread Max
< o a o L 9
WuMsaaMUeIn1519a1Msausalsesimatesdu lagn1sasiaaey
4

MNA1UDY Spread Time Iﬂﬂﬁﬁﬁﬂmi@gﬂ Tumsdamasanaausolszimadesduves

' I (% 1 a
Spread Time 41NN SpreadMaxﬁ]SL‘IJLlﬂ”li@]ﬂﬂ”lﬂl?Jﬁ UUYLAVYNITLAUNIY (Trip No.)



64

v 9

NHVILAVNITIAUNINOIN 10T A (ﬁﬁﬂgﬂ) 20NNATHUILIAVNITIAUNI 1A8NITH

U Q

=

1 H o 2 o '
Al Spread Time YDIATWANGNARDINIE T URIANNITN 3.13
Y H v
PUADUN 6 TUADUMTITINAVDIAT NN UAUTOUTZTIN
g Y (% A
A UNUIABLIYAD
2 dy I = 1 . a o
TuUADUUIIUNITITEIA1UD9 Departure Time Y9151 NAUTDUTLTIN
dy 9 d' ] d' d' gl/ d' A % 1 g}/
iWosaunedluSoului 3.9 Mnduaoui 2) naziAuae(Leftover) 1INMSAAMIUBITUADY
d‘ d' 1 [ gl/ A a o dy 9 A d‘d '

13 AuneulUnds antuaena1s1uausnlsziIn1uiio 1@ un3 o Leftover NHA1UD
Departure Time NU1A0U AoN111A 19 TauuFounua1s19na1ausalse91M19150 lefover
A A A 1 < Y Y ' . = Y A A
Tueu 'l 3.8 ilesawAnaTanaa1¥ns219@0UA1UD9 Spread Time 8nAF3luon 1 3.9
Y . = 1 Y A a o dy Y A
81719949 Spread time UA1U11NI1 Spread Max 111200715 191a U501 5231M1UU0IAUNTD

Y ]
Leftover 0 11/aun118nass uadiogludou luldsiuar la nazndulidenarvesarsiadu
o Li’ Y A = g}/ 1
50152 1MUDOIAUNTO Leftover DNATI IUNIILATL
(Y [ H H < ] <
A296199 3.4 911A15197 3.12 1T udoyade Initial Block N 141 udoya
o 9 =) o Y o w T oo 0 dy
Wt naglimsmruateiinalumsiainae i
ﬁTﬂuﬂsl,ﬁ}: Vehicle Break Max = 4:00,
Vehicle Break Min = 0:00,
No. Insert Block < 2
Spread Max = 16:00

Spread Min =0:00 #3a0819Tumsmuinlagazivoaod lumaniin 3.

A13199 3.11 NI NUAAINANTIANIT1IAUTDUT25 M9 TaslH)5 Insert and Cut Block

Improvement Block No.: 1

Initial Block No.: 3L

Trip No.: 56, 120, 201, 274, 338, 393, 445, 560, 784, 838, 905, 987

Departure Time: 5:30, 6:28, 7:28, 8:28, 9:36, 10:36, 11:30, 13:25, 16:45, 17:40, 18:48
Arrival Time: 6:22, 7:26, 8:25,9:28, 10:35, 11:30, 13:25, 16:45, 17:34, 18:48, 20:18
Location Start: 1,1,1,1,1,1,1,1, 1,1, 1

Location End: 1,1,1,1,1,1,1,1,1,1,3

Route No.: 5,5,5,5,5,5,4,3,6,5,7

Worked Time: 0:52, 0:58, 0:57, 1:00, 0:59, 0:54, 1:55, 3:20, 0:49, 1:08, 1:30
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Break Time: 0:00, 0:06, 0:02, 0:03, 0:08, 0:01, 0:00, 0:00, 0:00, 0:06, 0:00
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:00
Vehicle Break: 0:00

Total Worked Time:15:22 hr.
Total Break: 0:26 hr.

Total Deadhead: 0:00
Total Vehicle Break: 0:00

Spread Time: 15:48hr.

Improvement Block No.: 2

Initial Block No.: 1L

Trip No.: 12, 95, 276, 400, 524, 718, 883

Departure Time: 4:20, 6:09, 8:30, 10:45, 12:54, 15:48, 18:25
Arrival Time: 6:02, 8:24, 10:45, 12:52, 15:46, 18:16, 19:36
Location Start: 1, 1, 1,1, 1, 1,3

LocationEnd: 1,1,1,1,1,4,1

Route No.: 3,3,3,3,2,8,7

Worked Time: 1:42, 2:15, 2:15, 2:07, 2:52, 2:28, 1:11
Break Time: 0:00, 0:07, 0:06, 0:00, 0:02, 0:02, 0:01
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:08
Vehicle Break: 0:00

Total Worked Time: 14:50 hr.

Total Break: 0:18 hr.
Total Deadhead: 0:08

Total Vehicle Break: 0:00

Spread Time: 15:16 hr.

Improvement Block No.: 3

Initial Block No.: 2L




Trip No.: 30, 76, 140, 222, 309, 370, 458, 605, 827, 1015

Departure Time: 5:00, 5:50, 6:42, 7:42, 9:00, 10:12, 11:40, 14:08, 17:27
Arrival Time: 5:48, 6:38, 7:41, 8:59, 10:11, 11:26, 14:03, 17:23, 20:52
Location Start: 1,1, 1,1,1,1,4,1,2

LocationEnd: 1,1,1,1,1,5,1,2,1

Route No.: 6,6, 6,6,6,9,8, 1, 1

Worked Time: 0:48, 0:48, 0:59, 1:17, 1:11, 1:14, 2:23, 3:15, 3:25
Break Time: 0:00, 0:02, 0:04, 0:01, 0:01, 0:01, 0:05, 0:05, 0:04
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00, 0:09, 0:00, 0:00
Vehicle Break: 0:00

Total Worked Time:15:20 hr.

Total Break: 0:23 hr.

Total Deadhead: 0:09

Total Vehicle Break: 0:00

Spread Time: 15:52 hr.

Improvement Block No.: 4

Initial Block No.: 4, 8, 10, 2R

Trip No.: 142, 314, 448, 612, 891, 980, 10:15

Departure Time: 6:45, 9:09, 11:30, 14:15, 18:32,20:13, 21:00
Arrival Time: 9:03, 11:26, 14:11, 17:01, 19:36, 20:58, 22:45
Location Start: 1, 1,1, 1,1, 1, 1

LocationEnd: 1,1,1,1,1,1,2

Route No.: 2,2,2,2,5,5,1

Worked Time: 2:18, 2:17, 2:41, 2:46, 1:04, 0:45, 1:45
Break Time: 0:00, 0:06, 0:04, 0:04, 0:00, 0:00, 0:00
Deadhead Time: 0:00, 0:00, 0:00, 0:00, 0:00, 0:00

Vehicle Break: 1:31, 0:37, 0:02

Total Worked Time: 13:36 hr.

Total Break: 0:14 hr.
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Total Deadhead: 0:00
Total Vehicle Break: 2:10

Spread Time: 16:00 hr.

Improvement Block No.: 5

Initial Block No.: 5,9

Trip No.: 434, 597, 944, 949
Departure Time: 11:18, 14:00, 19:30
Arrival Time: 13:56, 17:33, 21:23
Location Start: 1,2, 5, 1

Location End: 2, 1, 1, 2

Route No.: 1, 1,9, 1

Worked Time: 2:38, 3:33, 1:53, 2:43
Break Time: 0:00, 0:04, 0:00, 0:00
Deadhead Time: 0:00, 0:00,0:00
Vehicle Break: 1:57,

Total Worked Time: 8:04 hr.

Total Break: 0:04 hr.

Total Deadhead: 0:00

Total Vehicle Break: 1:57

Spread Time: 10:05 hr.

Improvement Block No.: 6

Initial Block No.: 6, 7, IR

Trip No.: 467, 534, 602, 663, 725, 803, 860, 949

Departure Time: 11:50, 13:00, 14:00, 15:00, 15:54, 17:00, 18:00, 19:38
Arrival Time: 12:57, 13:58, 15:00, 15:48, 16:42, 17:53, 19:03, 22:21
Location Start: 1, 1,1, 1,1, 1,1, 1

Location End: 1,1,1,1,1,1,1,2

Route No.: 6, 6, 6, 6, 6, 6,6, 1

Worked Time: 1:07, 0:58, 1:00, 0:48, 0:48, 0:53, 1:03, 2:43
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Break Time: 0:00, 0:03, 0:02, 0:00, 0:06, 0:00, 0:07, 0:00

Deadhead Time: 0:00, 0:00, 0:00
Vehicle Break: 0:18, 0:35

Total Worked Time: 9:20 hr.
Total Break: 0:18 hr.

Total Deadhead: 0:00

Total Vehicle Break: 0:53

Spread Time: 10:31 hr.

Improvement Block No.: 7
Initial Block No.: 3R

Trip No.: 987, 1067, 1073
Departure Time: 20:21, 22:30, 23:30
Arrival Time: 22:23, 23:20, 0:31
Location Start: 3, 1, 1

Location End: 1, 1, 3

Route No.: 7,6, 7

Worked Time: 2:02, 0:50, 1:01
Break Time: 0:07, 0:10
Deadhead Time: 0:00, 0:00
Vehicle Break: 0:00

Total Worked Time: 3:53 hr.
Total Break: 0:17 hr.

Total Deadhead: 0:00

Total Vehicle Break: 0:00

Spread Time: 4:10 hr.
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