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Material
Material
Material
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Material
Material

Material
Material
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Material
Material
Material
Material
Material
Material
Material

Material

231
519
2.62
3.46
346
3.46
2.62
3.46
3.46
346
2.62
346
2.14
2.14
2.14
2.14
2.14

3.69
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2.31
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Material  PCB
Material  PCB
Material  PCB
PCB 1
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PCB
PCB
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PCB
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PCB
, LED
PCB
PCB

.33
2.30
3.83
5.34
3.50
378
145
145
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7133
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3.83
5.34
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L2

L3

1 25
9
3
3.8
3.8

Function Key Board (25
Interface Board (25
(25

Interface Board

* 32,400
* 32,400
* 32,400

L2 L3 3.7

9,000
10,000
12,000

9 32,400
Function Key Board
Interface Board 5

()
)19 90,000
)15 162,000
)13 270,000

Function Key Board
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Function Key Board
|

@ 0 0@
1 9,000 90,000 10
2 10,000 90,000 9
L3 12,000 90,000 75
3.1.14
COMSOAL

Aravindan Naidu, 1999)

Interface Board

© (©)@

162,000 18
162,000 16.2
162,000 135

@
270,000

270,000
270,000

22.5
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Trade and Transfer (Ponnambalam,

Trade and Transfer

2. GOAL

GOAL

Trade and Transfer
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6. Trade and Transfer
I Trade and Transfer
GOAL
Transfer
Function Key Board L1
3.10
COMSOAL
()

1 12 17 9.64

2 13141516 856

3 3711 7.86

4 10,12 6.92

5 89 692

6 56 692

7 422 115

8 23 133

3.10 Trade and Transfer
1

6

2. GOAL = (9.64-6.92)/2 = 1.36

108
178
2.12
2.12
2.12
249
231

36

Trade and

Function Key Board
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3 1 1
231 2 5.19
17 2.14 17
GOAL 2.72
4 5 6
4 17 1 4
1 4 2.14
GOAL 2.72
311
3.11 Function Key Board
COMSOAL
1
N\ ()

1 12 150 1%

2 13141516 8.56 05

3 3711 136 12

4 101217 9.06 0

5 89 6.92 214

6 50 6.92 214

I 422 115 191

8 23 133 173

Function Key Board
Interface Board L1 L2 L3
COMSOAL 3.12 3.13
3.14
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12 750
13141516 8.5
31l 1.86
101217 9.06
89 6.92
56 6.92
422 115
23 133
24,25 6.13
2640 8.70
383941 8,68
2142 6.90
2837 710
35,36 6.64
0 145
2 145
kil 745
32 750
3 750
A 750
43

4445 864

(ldle Time) 1646 %
8354 %

COMSOAL

12

16172021

131415
3l
1819
1012
89

56

422

23
2425
2640
33,3941
2142
2837
35,36
0

2

kil

32

3

A
434445

1577 %
84.23 %

Function Key Board

750
852
6.42
1.86
5.16
6.92
6.92
6.92
715
133
6.13
8.70
8.68
6.90
710
6.64
145
145
145
750
750
750
8.64

12
151617
11,1314
318
6,12

45

2

23
2425
2%
38,39
4042
214
2831
35,36

%g%%flﬁ&%&%fﬁ

1373 %
86.27 %

750
6.42
6.90
550
6.92
6.92
369
133
6.13
5.3
6.02
6.76
6.16
710
6.64
145
745
145
750
750
750
6.06
258
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179
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1566
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16.79
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1346
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1247%
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434647
21223435,
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67,6869
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11,76,71,18
12137415
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Interface Board
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14%
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153%
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1145
1518
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1346
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1426
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1059
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7192022
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3.14

L1

1,2,3,58,9
10,11,15,16,17,18,20
6,7,14,19,21,22
23,24,27,28
25,26,29,30,31,32
33,34,35,36,37,38,39,49
40,41,51,52,53,54,55,56
42,43,44,45,46,47,48,50
57,58,59,60,61,62
65,66,67,74,75,76,78,99
79,81,82,83,84,85,86
63,64,71,72,73,80,98
70,77,87,88,93,95,97
89,90,91,92,94,96,100,
103
101,102,104,105,106
107,108,109,110,111,
112,113

114,115,116,117,118,
119
120
121
122
123,124,125,126
127,128,129
(de Timg)

24.87
25.59
24.96
26.58
28.59
27.99
21.42
29.63
29.33
29.45
21.65
2581
21.87

28.05

28.15

28.63

28.82

29.90

29.67

29.90
21.87
21.29

8.48 %
91.52 %

L2

12,345
7,9,10,11,15,16,17
8,12,13,14,18,19,20
21,22,23
24,25,26,27,28
29,35,36,37,38,39
30,31,32,33,34,49,52
40,42,43,44,45,50,51
41,46,47,48,57,58
59,60,61,74,75,76
62,66,67,68,69,99
63,64,70,71,72,73,97
87,92,93,94,95,100

88,89,90,91,101,102
79,80,81,82,83,98

78,84,85,86,96,103

104,106,107
105,108,109,110,111
112,113,114,115,118

116,117,119

120

121

122
123,124,125,126
127,128,129

11.69 %
88.31 %

24.07
26.03
24.75
24.71
20.21
26.43
25.78
25.75
24.53
23.69
26.15
25.81
23.45

21.78

24.50

19.96

21.69

20.97

18.30

18.18
26.68
26.22
26.22
21.87
21.29

COMSOAL

L3

1,234
5,7,8,9,10,11
12,13,15,16,17
14,18,19,20,21
22,23,24
25,26,27,28
29,30,38,39
32,33,34,35,36,37
31,49,51,52,53,54
40,42,43,44,45,50
41,46,47,48,57
58,59,60,61,65
66,74,75,76,78,99

62,63,64,72,73
67,68,69,70,71,97

79,83,84,85,86

80,81,82,96,98,103

104,105,106
107,108,109,110,
11
112,113,114,115
116,117,118,119
120
121
122
123,124,125,126
127,128,129
751 %
92.49 %

(

20.50
20.00
21.22
20.85
21.88
15.32
19.85
21.90
20.33
22.46
20.70
20.83
21.99

21.20

22.38

19.99

21.18

21.69

20.97

15.32
21.16
21.85
2151
21.85
21.87
21.29
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Function
Key Board Function Key Board L1 L2
L3 21 23 23 1
1
23 Function Key Board
Interface  Board
Interface Board L1 L2 L3 18 20
22 1 1
22
L1
L2 L3 22 25 26 1
1 26
3 (LCD)
3 3
Function Key Board 23 Interface Board
22 26
71 71
(LCD) 3
3.1.2 COMSOAL
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(Overall Precedence Diagram)
(Each Precedence Diagram)
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Key Board

)

()

2,864.4
6,435.6
3,248.8

1 =(2.31%360) + (2.31%400) + (2.31*480) = 2,864.4
=(5.19*360) + (5.19*400) + (5.19*480) = 6,435.6
3 =(2.62*360) + (2.62*400) + (2.62*480) = 3,248.8

3.1.2.2
3.15
L1 360
L2 400
L3 430
1
Function Key Board
3.16
/
L1 12 L3
(360 /) (400 [ ) (480 /
1 2.31 231 231
2 519 5.19 5.19
3 2.62 2.62 2.62
3.17

Interface Board

Function
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Function Key Board

2,864.4
6,435.6
3,248.8
4,290.4
42904
42904
1,991.2
2,629.6
2,629.6
2,629.6
3,248.8
4,290.4
2,653.6
2,653.6
2,653.6
2,653.6
2,653.6
25344
1,152.0

848.0

848.0
45756
9,089.2
2,852.0
4,749.2
6,621.6
4,340.0
4,687.2
9,238.0
9,238.0
9,238.0
9,300.0
9,300.0
9,300.0

(

Interface Board

2,804.4
3,062.8
3,769.6
31312
6,435.6
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
31744
2,6784
2,6784

)

5,642.0
5394.0
7,539.2
4,857.6
4,426.8
1,576.8
3,286.0
3,2860
4,550.8
5170.8
4,079.6
45232
3,370.4
5,704.0
5,691.6
4,749.2
4,749.2
4,005.2
3,286.0
3,286.0
9572.8
3,670.4
17,397.2
6,063.6
4,749.2
4,749.2
4,749.2
4,749.2
11,705.6
4,749.2
4,749.2
4,749.2
4,749.2
4,749.2
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36
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38
39
40
4
42
43
44
45
46
47
48
49
50
il
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

3.17

Function Key Board
4116.8
41168
4116.8
4,166.4
3,298.4
4,166.4
3,298.4
4216.0
4.216.0
3,2984
3,199.2

(

Interface Board
2,678.4
2,678.4
2,628.8
2,628.8
2,628.8
2,628.8
1,865.6
1,865.6
1,865.6
2,678.4
2,678.4
1,900.8
1,900.8
5,617.2
5,617.2
1,812.0
2,604.0
2,604.0
3,124.8
3,124.8
3,124.8
10,044.0
6,596.8
4,749.2
2,852.0
17,684.4
17,684.4
5,009.6
1,576.4
6,299.2
1,522.8
14.979.2
5232.8
34504

)

47492
4,079.6
4,079.6
4,079.6
4,079.6
47740
47492
47492
47492
47492
47492
47492
4,166.4
47492
41416
4,079.6
4,079.6
4,079.6
2,763.6
2,763.6
1,184.4
1,184.4
1,254.0
47492
4,079.6
4,079.6
8,419.6
1,187.2
4501.2
4501.2
3,049.2
6,386.0
47492
3,370.4

46



69
10
1
[
73
74
75
76
m
78
79
80
81
82
83
84
85
86
87
88
89
90
a1
92
93
94
9
9
97
98
99
100
101
102

3.17

Function Key Board

(

Interface Board
3,572.0
11,802.8
4,178.8
4,749.2
4,749.2
4,749.2
4,749.2
4,749.2
4,749.2
4,005.2
6,299.2
3,298.4
3,534.0

)

3,3710.4
4,749.2
4,749.2
4,749.2
4,749.2
3,298.4
4,749.2
4,749.2
1,306.8
4,079.6
8,047.6
4,749.2
4,749.2
4,749.2
4,079.6
4,079.6
4,079.6
4,501.2
5335.2
2,910.8
2910.8
2910.8
2910.8
2910.8
2,500.4
2,310.4
2,3104
4,005.2
4,005.2
4,005.2
4,005.2
4,005.2
4,005.2
4,005.2

47



103
104
105
106
107
108
109
110
m
112
113
114
115
116
117
118
119
120
12
122
123
124
125
126
127
128
129

3.17 3 (

()

Function Key Board  Interface Board
4,005.2
17,397.2
4,749.2
4,749.2
4,749.2
4,749.2
7,006.0
4,749.2
4,749.2
4,749.2
4,749.2
4,749.2
4,749.2
8,952.8
8,952.8
3,695.2
4,631.6
31,9240
31,494.0
31,740.0
7,812.0
7,812.0
3,794.4
7,700.4
6,026.4
41168
16,256.4

48
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3123 (Cycle Time)
38 (1 25 )
3 3
3.18
3.18
(S ()
Function Key Board 90,000 (90,000/25)*3 = 10,800
Interface Board 162,000 (162,000/25)*3 = 19,440
270,000 (270,000/25)*3 = 32,400
. Function Key Board 10,800
] Interface Board 19,440
. 32,400
3124
COMSOAL
Function Key Board Interface  Board
COMSOAL 3.19 3.20

3.21
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12,21

3,6,13

514,19

789

10,11,12

15,16,17,18

4,20,22

23

24,25

26,40

38,39,41

217,42

28,37

35,36

30

29

33

32

ki

34

43,44,45
(Idle Time)

Function Key Board
COMSOAL

10,148.0
10,192.8
8,096.0
7,250.4
10,168.8
10,495.2
9,714.0
9,089.2
7,601.2
10,788.0
10,763.2
8,556.0
8,804.0
8,233.6
9,238.0
9,238.0
9,300.0
9,300.0
9,238.0
9,300.0
10,713.6
13.38 %
86.62 %

50
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12,34
5,41,46,47,51,52
35,36,38,39,40,44,45
19,20,21,22,33,34
7,17,18,23,24,25
8,16,26,27,31,32
13,14,15,28,29,30
6,9,10,11,37,42,43
12,48,49,50,53
54,55,56
57,58,59
60
61
62,63,64
65,66
67,68,69
70
71,72,73,74
75,76,77,78
79,80,81

(Idle Time)

COMSOAL

Interface Board

12,828.0
17,310.8
18,600.0
18,054.4
19,046.4
19,046.4
19,046.4
19,057.6
19,345.6
16,293.6
14,198.0
17,684.4
17,684.4
18,885.2
16,502.0
12,255.2
11,802.8
18,426.4
18,252.8
13,131.6
12.78 %
87.22 %

o1



321

25

COMSOAL
()
1 1,2,345,6 29,436.4
2 7,8,9,10,11,12,13 28,266.8
3 14,15,16,17,18,19,20 31,471.2
4 21,22,23 30,640.4
5 24,25,26,27,28 25,060.4
6 29,36,37,38,39 28,024.0
7 30,31,32,33,34,35 28,495.2
8 40,49,50,51,52,53,54,55 217,866.0
9 41,4243 44,45,46 56 29,679.6
10 47,48,57,58,59,60 29,078.0
1 61,66,74,75,76 27,602.4
12 65,67,68,69,87,88,89 25,696.0
13 90,91,92,93,94100,101,102 25,558.8
14 79,82,83,84,85,86 29,536.8
15 62,63,64,80,81,98 30,293.2
16 70,71,72,73,77,78,95,99 30,698.8
17 96,97,103,104 29,412.8
18 106,107,108,105,109, 26,002.8
19 110,111,112,113,114,115 28,495.2
20 116,117,118,119 26,238.4
21 120 31,924.0
22 2 31,494.0
23 122 31,740.0
24 123,124,125,126 27,1188
25 127,128,129 26,399.6
% (Idle Time) 10.25 %
89.75 %
COMSOAL
Function Key Board 21
Interface Board 20
66 1

(LCD)

66
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COMSOAL
321
Function Key Board Interface Board

1 L2 L3 3.22 3.23 3.24
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1213
345
6,14,15
789
10,11,12
16,17,22
23

24,25
26,21
28,38,39
35,36,37
40,41,42
29

30

3l

32

33

34
43,44,45

(Idle- Time)

9.64
9.54
1.74
9.54
9.54
797
.33
6.13
8.84
9.80
9.96
9.42
7145
745
145
7.50
.50
.50
8.64

16.01 %
83.99 %

12
34,13
56
7,814
9,10
11,12,15
16,18,20
171921
22

23

24,25
26,27
28,42

29

30

a

32

3

34

35,36
38,40
37,3941
43,44 45

12

16.91 %
83.09 %

Function Key Board

.50
8.22
6.92
8.22
6.92
8.22
1.14
1.14
3.69
1.33
6.13
8.84
.18
145
145
145
.50
7.50
750
6.64
6.72
8.64
8.64

12
34
56
11,12
13,1415
16,18
17,22
23
24,25
26
21,28
29

30

a

32

3

34
35,36
3142
38,39
40,41
43,44
45

L3

13.73 %
86.27 %

.50
6.08
6.92
6.08
6.42
5.02
5.83
133
6.13
5.34
1.28
145
145
145
.50
.50
750
6.64
6.72
6.02
6.02
6.06
2.58



10

2
13
14
15
16
17
18
19
20
il
22
%

3.23

12345
6,7,8,9,10,11,12
13,14,15,16,17,
18,19
20,21,22,23,24,
25,26
21,28,29,30,31,
32,33
34,35,37,38,44,
45,48
36,39,40,49,51,
52

53,54,55,56

57,58,59

60

61

62,63,64
65,66
67,68,69

10
11,72,13,74
15,16,11,18
79,8081

(Idle Time)

17.13
17.92

17.92
17.92
17.52
1741
15.13
15.66

11.45

16.79
16.79
15.23
1631
13.46
15,53
14.86
14.72
10.59

1247 %
87.53 %

1234
56,789
10,11,12,13,14
15
16,17,18,19,20
21
22,23,24,25,26
21
28,29,30,31,32
33
34,35,37,38,39
4445
36,40,41,46,47
48

42,43,49,50,51

52,53,54,55
56

57,58,59

60

61

62,63,64

66

67,68,69

10
11,12,73,74
15,16,77,78
79,80,81

11.05 %
88.95 %

12

Interface Board

11.94
1543

15.36

15.36

15.36

14.96

15.00

15.25

15.40

9.66
8.10
11.45
15.18
15.18
15.23
12.08
13.46
15,53
14.86
14.72
10.59

12,35
6,7,89,10

11,12,13,14,15
16,17,18,19,20
21,22,23,24,25
26,27,28,29,30

31,32,33,34,37

35,36,38,39,40
44
41,42,43,45,46
47
48,49,51,52
53,54,55

56

57,58,59

60

61

62,63

64

66

67,711,712
13,74,75
76,71,18
79,8081

14.47 %
85.53 %

L3

(

55

)
1301

12.80
12.80

12.80
12.80
12.80
11.56
12.84

12.84

13.26
1.56

8.10

1145
11.60
11.60
10.15
5.08

12.08
11.42
1149
10.89
10.59



© OO0 N o O B~ W N e

SR EB

14
15
16
7

18

19

20
21
22
23
24
25
26

%

3.24

L1

1,2,356,78
9,10,11,14,15,16,17
18,19,20,21,22
23,24.25,26
27,28,29,30,31,32
33,34,35,36,37,38,39,40
41,42,43 44,45 46 47 49
48,50,51,52,53,54,55,56
57,58,59,60,61,62
66,67,70,71,72,73,77
79,80,81,82,83,84,85
86,87,88,89,74,75,76
63,64,90,91,92,93,94,95
65,78,96,97,98,99,100,1
01,102
103,104,105,106,107
108,109,110,111,112,11
3,114
115,116,117,118,119

120

121

122
123,124,125,126
127,128,129

(Idle Time)

28.23
27.98
19.21
26.58
28.59
28.50
29.68
26.86
29.33
21.93
21.85
28.63
28.12

29.53
28.75
28.63
24.99

29.90

29.67

29.90
21.87
21.29

8.48 %
91.52 %

L2

123457
8,9,10,11,12,13
14,15,16,17,18,19,20
21,22,23
24,25,26,27,28
29,30,31,32,33
34,35,36,37,38,39,40
41,42 43,44 ,45,46,47
48,49,50,51,52,57,58
59,60,61,62,70,78
66,67,68,71,72,73
69,74,75,76,87,92
79,80,81,83,93,94,95

63,64,82,84,85,86,100
88,89,90,91,101,102
96,97,98,99,103

104,105,106,107
108 09 10 11 12
13

114,115,116

117,118,119

120

121

122
123,124,125,126
127,128,129

1212 %
87.88 %

(
26.72

22.75
25.38
24.71
20.21
24.76
24.67
26.34
26.72
26.77
24.30
25.00
26.81

24.53
21.78
16.15
25.52
24.80

14.88

13.94
26.68
26.22
26.22
21.87
21.29

)

56

L3

1234
57,8910,11
12,13,14,15,16
17,18,19,20,21
22,2324
25,26,27,28
29,30,31,32
33,34,35,36,37,38
39,40,41,42,43,44
45,46,47,48,49,50
51,52,53,54,57
58,59,60,61,65
62,63,64,66,78

67,68,69,70,71,74
72,13,75,76,79
80,81,82,83,84,85
86,96,97,98,99,103
104,105,106

107,108,109,110,11
1
112,113,114,115
116,117,118,119
120
121
122
123,124,125,126
127,128,129
751 %
92.49 %

(

20.50
20.00
21.99
20.08
21.88
15.32
20.93
21.36
22.46
21.48
19.01
20.83
21.98

21.81
21.81
21.36
19.78

21.69

20.97

15.32
21.16
21.85
2151
21.85
21.87
21.29



3.2.2

Function Key Board

3.25

O© OO0 N4 O o1 &~ W DN e

MNHI—‘HI—‘I—‘I—‘I—‘
B O oo uo oo R LR E S

%

122,19
34,11
56,20
7812
10,13,

15,16,

9,212
23

24,25
26,38

3.25

14
17,18
2

39,40,41

21,28
29
30
3
32
33
34
36,35
37,42

43,44,

45
(Idle Time)

57

Interface Board
3.26 3.27

Function Key Board

10,452.0
10,788.0
9,428.8
8,911.2
7,936.8
10,495.2
8,053.2
9,089.2
7,601.2
10,788.0
10,763.2
9,027.2
9,238.0
9,238.0
9,238.0
9,300.0
9,300.0
9,300.0
8,233.6
8,332.8
10,713.6
13.38 %
86.62 %



O OO N4 O U1 & W N -

NI—‘HI—‘HHI—‘I—‘HI—‘
O@(x)\lmmbwml—‘s

%

3.26

12,345
6,7,8,9,10,11
12,13,14,15,16,17
18,19,20,21,22,23
24,25,26,27,28,29
30,31,32,33,34,37,41
35,36,38,39,40,44,45
42,43,46,47,48,49
50,51,52,53,54,55
56
57,58,59
60
61
62,63,64
65,66
67,68,69
70
71,72,73,74
75,76,77,78
79,80,81

(Idle Time)

58

Interface Board

19,263.6
19,046.4
19,046.4
19,046.4
19,046.4
19,3744
18,600.0
18,767.2
16,394.4
10,044.0
14,198.0
17,684.4
17,684.4
18,885.2
16,502.0
12,2552
11,802.8
18,426.4
18,2528
13,1316
12.91 %
87.09 %



3.27

O© OO0 J4 o o1 &~ W NN e

N DO N O N DD bl )

%

12,3457
6,8,9,10,11,12,13,14
15,16,17,18,21
19,20,22,23
24,25,26,27,28
29,30,31,32,33
34,35,36,37,38,39,40
41,42,43,44,45 46
47,48,49,50,51,52,53,54,55
56,57,58,59,60,61
62,63,70,71,72,73
64,65,66,67,68,69,74,77
75,76,79,80,81,82
83,84,85,86,87,88,89
78,90,91,92,93,94,95,96,97,98
99,100,101,102,103
104,105,106,107
108,109,110,111,112,113
114,115,116
117,118,119
120
121
122
123,124,125,126
127,128,129

(Idle Time)

31,145.6
32,261.6
28,768.0
27,639.6
25,060.4
30,702.4
30,590.8
28,495.2
32,007.6
29,766.4
31,285.2
30,031.6
31,793.6
27,896.8
29,038.0
22,936.8
31,644.8
30,752.0
18,4512
17,285.6
31,924.0
31,494.0
31,740.0
271188
26,399.6
112 %
88.8 %

59



3.3

Trade and Transfer

COMSOAL
Function Key Board
3 23
Interface Board 22
26 71 1
(LCD) 3 71

COMSOAL
Function Key Board
Interface Board 20
25 66 1

(LCD) 3 66

COMSOAL

60

21
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