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DEQ

A
1.1
1) -1 %
1- .8
1
INS IES PSH POP INQ IEQ ENQ
INS X 1407 1.407 1407 1989 1.989 1.989
IES X 0.000 0.000 1.989 1.989 1.989
PSH X 0.000 1989 1.989  1.989
POP X 1989 1.989 1.989
INQ X 1.407 1.407
IEQ X 0.000
ENQ X
DEQ
.2
INS IES+PSH POP INQ IEQ ENQ
INS X 1.407 1407 1.989 1989 1.989
IES+PSH X 0.000 1989 1989 1.989
POP X 1989 1.989 1.989
INQ X 1.407  1.407
IEQ X 0.000
ENQ X
DEQ
.3
INS IES+PSH+POP INQ IEQ ENQ
INS X 1.407 1.989 1.989 1.989
IES+PSH+POP X 1989 1989 1.989
INQ X 1.407 1.407
IEQ X 0.000
ENQ X
DEQ
4
INS IES+PSH+POP INQ IEQ+ENQ
INS X 1.407 1.989 1.989
IES+PSH+POP X 1.989 1.989
INQ X 1.407
IEQ+ENQ X

234

DEQ
1.989
1.989
1.989
1.989
1.407
0.000
0.000

DEQ
1.989
1.989
1.989
1.407
0.000
0.000

DEQ
1.989
1.989
1.407
0.000
0.000

DEQ
1.989
1.989
1.407
0.000



INS IES+PSH+POP INQ IEQ+ENQ+DEQ

INS X 1.407 1.989 .989
IES+PSH+POP X 1.989 1.989
INQ X 1.407
IEQ+ENQ+DEQ X
INS+IES+PSH + POP INQ IEQ+ENQ+DEQ
INS+IES+PSH + POP X 1.989 1.989
INQ X 1.407
IEQ+ENQ+DEQ X
A
INS+IES+PSH+POP INQ+IEQ+ENQ+DEQ
INS+IES+PSH+POP X 1.989
ino+ieqgteng+deq X
INS+IES+PSH+POP+INQ+IEQ+ENQ+DEQ
INS+IES+PSH + POP+INQ+IEQ+ENQ+DEQ X
2) 5%
9- .16

INS IES PSH POP INQ IEQ ENQ DEQ
INS X 1378 1.378 1.378 1.949 1949 1949 1.949

IES X 0.000 0.000 1.949 1949 1949 1.949
PSH X 0.000 1.949 1949 1.949 1.949
POP X 1949 1949 1.949 1.949
INQ X 1.378 1.378 1.378
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
10
INS IES+PSH POP INQ IEQ ENQ DEQ
INS X 1.378 1378 1949 1949 1949 1.949
IES+PSH X 0.000 1.949 1949 1949 1.949
POP X 1949 1949 1.949 1.949
INQ X 1.378 1.378 1.378
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
A
INS |IES+PSH+POP INQ IEQ ENQ DEQ
INS X 1.378 1949 1949 1.949 1.949
IES+PSH+POP X 1949 1949 1.949 1.949
INQ X 1378 1.378 1.378
IEQ X 0.000  0.000
ENQ X 0.000

DEQ X



.12

INS IES+PSH+POP INQ IEQ+ENQ DEQ

INS X 1.378 1.949 1.949 1.949
IES+PSH+POP X 1.949 1.949 1.949
INQ X 1.378 1.378
IEQ+ENQ X 0.000
DEQ X
13
INS IES+PSH+POP INQ IEQ+ENQ+DEQ
INS X 1.378 1.949 1.949
IES+PSH+POP X 1.949 1.949
INQ X 1.378
IEQ+ENQ+DEQ X
14
INS+IES+PSH+POP  INQ IEQ+ENQ+DEQ
INS+IES+PSH+POP X 1.949 1.949
INQ X 1.378
IEQ+ENQ+DEQ X
15
INS+IES+PSH +POP  INQ+IEQ+ENQ+DEO
INS+IES+PSH+POP X 1.949
INQ+IEQ+ENQ+DEQ X
16
INS+IES+PSH + POP+INQ+IEQ+ENQ+DEQ
INS+IES+PSH+POP+INQ+IEQ+ENQ+DEQ X
3) -25%
Ar- 24
17

INS IES PSH POP INQ IEQ ENQ DEQ
INS X 1224 1224 1224 1732 1732 1732 1732

IES X 0.000 o0.000 1.732 1732 1732 1.732
PSH X 0.000 1732 1.732 1.732 1.732
POP X 1732 1732 1732 1732
INQ X 1.224 1.224 1.224
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
18

INS IES+PSH POP INQ IEQ ENQ DEQ
INS X 1.224 1.224 1732 1732 1.732 1.732
IES+PSH X 0.000 1732 1.732 1.732 1.732
POP X 1.732 1732 1732 1.732
INQ X 1.224 1.224 1.224
IEQ X 0.000 0.000
ENQ X 0.000

DEQ X

65



.19

INS IES+PSH+POP INQ IEQ ENQ DEQ

INS X 1.224 1.732 1732 1732 1.732
IES+PSH+POP X 1732 1732 1732 1.732
INQ X 1224 1224 1.224
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
INS IES+PSH+POP INQ IEO+ENQ DEQ
INS X 1.224 1.732 1.732 1.732
IES+PSH + POP X 1.732 1.732 1.732
INQ X 1.224 1.224
IEQ+ENQ X 0.000
DEQ X
21
INS |IES+PSH + POP INQ IEQ+ENQ+DEQ
INS X 1.224 1.732 1.732
IES+PSH+POP X 1.732 1.732
INQ X 1.224
IEQ+ENQ+DEQ X
INS+IES+PSH + POP INQ IEQ+ENQ+DEQ
INS+IES+PSH+POP X 1.732 .732
INQ X 1.224
IEQ+ENQ+DEQ X
INS+IES+PSH+POP ino+ieg+enqg+deq
INS+IES+PSH+POP X 1.732
INQ+IEQ+ENQ+DEQ X
24
INS+IES+PSH + POP+INQ+IEQ+ENQ+DEQ
INS+IES+PSH+POP+INQ+IEQ+ENQ+DEQ X
) 75%

INS X 0707 Q. . .
g G600 g% %
PSH ) %
POP .
INQ X 0707 Q. _
g " Bid g
ENQ X .
DEQ X

INS IES PSH POP
X
X
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67

.26

INS IES+PSH POP INQ IEQ ENQ DEQ

INS X 0.707 0.707 1.000 1.000 1.000 1.000
IES+PSH X 0.000 1.000 1.000 1.000 1.000
POP ' X 1.000 1.000 1.000 1.000
INQ X 0.707 0.707 0.707
IEQ X 0.000  0.000
ENQ X 0.000
DEQ X
21
INS |IES+PSH+POP INQ IEQ ENQ DEQ
INS X 0.707 1.000 1.000 1.000 1.000
IES+PSH+POP X 1.000 1.000 1.000 1.000
INQ X 0.707 0.707 0.707
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
28
INS IES+PSH + POP INQ IEQ+ENQ DEQ
INS X 0.707 1.000 1.000 1.000
IES+PSH+POP X 1.000 1.000 1.000
INQ X 0.707 0.707
IEQ+ENQ X 0.000
DEQ X
29
INS IES+PSH+POP INQ IEQ+ENQ+DEQ
INS X 0.707 1.000 1.000
IES+PSH+POP X 1.000 1.000
INQ X 0.707
IEQ+ENQ+DEQ X
30
INS+IES+PSH + POP INQ IEQ+ENQ+DEQ
INS+IES+PSH + POP X 1.000 1.000
INQ X 0.707
IEQ+ENQ+DEQ X
31
INS+IES+PSH +POP INQ+IEQ+ENQ+DEQ
INS+IES+PSH + POP X 1.000
INQ+IEQ+ENQ+DEQ X
32
INS+IES+PSH+POP+INQ+IEQ+ENQ+DEQ
INS+IES+PSH+POP+INQ+IEQ+ENQ+DEQ X
5) +1%

33 - A0



.33

INS IES PSH POP INQ |IEQ ENQ DEQ
INS X 1421 1421 1421 2009 2009 2.009 2.009

IES X 0.000 0.000 2.009 2009 2009 2.009
PSH X 0.000 2.009 2.009 2.009 2.009
POP X 2.009 2.009 2.009 2.009
INQ X 1421 1421 1421
IEQ X 0.000 0.000
ENQ X 0.000
PEQ_ X

34
INS IES+PSH POP INQ IEQ ENQ DEQ
INS X 1.421 1421 2.009 2.009 2.009 2.009
IES+PSH X 0.000 2.009 2.009 2.009 2.009
POP X 2.009 2.009 2.009 2.009
INQ X 1421 1421 1421
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
35
INS IES+PSH+POP INQ IEQ ENQ DEQ
INS X 1.421 2.009 2.009 2.009 2.009
IES+PSH + POP X 2.009 2.009 2.009 2.009
INQ X 1421 1421 1421
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
.30
INS |IES+PSH+POP INQ IEQ+ENQ DEQ
INS X 1.421 2.009 2.009 2.009
IES+PSH+POP X 2.009 2.009 2.009
INQ b 1.421 1.421
IEQ+ENQ X 0.000
DEQ X
37
INS |IES+PSH+POP INQ IEQ+ENQ+DEQ
INS X 1.421 2.009 2.009
IES+PSH+POP X 2.009 2.009
INQ X 1.421
IEQ+ENQ+DEQ X
38
INS+IES+PSH+POP INQ IEQ+ENQ+DEQ
INS+IES+PSH + POP X 2.009 2.009
INQ X 1.421
IEQ+ENQ+DEQ X
39
INS+IES+PSH+POP INQ+IEQ+ENQ+DEQ
INS+IES+PSH + POP X 2.009
INQ+IEQ+ENQ+DEQ X
A0

INS+IES+PSH+POP+INQ+IEQ+ENQ+DEQ
INS+IES+PSH+ POP+INQ+IEQ+ENQ + DEQ X



+5%
41 - 48
41
INS IES PSH POP INQ IEQ ENQ DEQ
INS X 1449 1449 1449 2.049 2.049 2.049 2.049
IES X 0.000 0.000 2.049 2.049 2.049 2.049
PSH X 0.000 2.049 2.049 2.049 2.049
POP X 2.049 2.049 2.049 2.049
INQ X 1449 1.449 1.449
IEQ X 0.000 0.000
ENQ X 0.000
DEO X
42
INS IES+PSH POP INQ IEQ ENQ DEQ
INS X 1.449 1449 2.049 2.049 2.049 2.049
IES+PSH X 0.000 2.049 2.049 2.049 2.049
POP X 2.049 2.049 2.049 2.049
INQ X 1.449 1.449 1.449
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
43
INS IES+PSH+POP INQ IEQ ENQ DEQ
INS X 1.449 2.049 2.049 2.049 2.049
IES+PSH+POP X 2.049 2.049 2.049 2.049
INQ X 1449 1.449 1.449
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
44
INS IES+PSH+POP INQ IEQ+ENQ DEQ
INS X 1.449 2.049 2.049 2.049
IES+PSH+POP X 2.049 2.049 2.049
INQ X 1.449 1.449
IEQ+ENQ X 0.000
DEQ X
45
INS IES+PSH+POP INQ IEQ+ENQ+DEQ
INS X 1.449 2.049 2.049
IES+PSH+POP X 2.049 2.049
INQ X 1.449
IEQ+ENQ+DEQ X
46
INS+IES+PSH+POP INQ IEQ+ENQ+DEQ
INS+IES+PSH+POP X 2.049 2.049
INQ X 1.449
IEQ+ENQ+DEQ X
AT

INS+IES+PSH + POP
INS+IES+PSH + POP X
INQ+IEQ+ENQ+DEQ

INQ+IEQ+ENQ+DEQ

2.049
X



.48

INS+IES+PSH+POP+INQ+IEQ+ENQ+DEQ

INS+IES+PSH + POP+INQ+IEQ+ENQ+DEQ X
7) +25%
8
49 - 56
49

INS IES PSH POP INQ IEQ ENQ DEQ
INS X 1581 1581 1581 2.236 2.236 2.236 2.236

IES X 0.000 0.000 2.236 2.236 2.236 2.236
PSH X 0.000 2.236 2.236 2.236 2.236
POP X 2.236 2.236 2.236 2.236
INQ X 1581 1581 1.581
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
50
INS [IES+PSH POP INQ IEQ ENQ DEQ
INS X 1.581 1581 2.236 2.236 2.236 2.236
IES+PSH X 0.000 2.236 2.236 2.236 2.236
POP X 2.236 2236 2.236 2.236
INQ X 1581 1581 1581
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
51
INS [IES+PSH+POP INQ IEQ ENQ DEQ
INS X 1.581 2.236 2.236 2.236 2.236
IES+PSH+POP X 2.236 2236 2.236 2.236
INQ X 1581 1581 1581
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
52
INS IES+PSH+POP INQ IEQ+ENQ DEQ
INS X 1.581 2.236 2.236 2.236
IES+PSH+POP X 2.236 2.236 2.236
INQ X 1.581 1.581
IEQ+ENQ X 0.000
DEQ X
53
INS IES+PSH+POP INQ IEQ+ENQ+DEQ
INS X 1.581 2.236 2.236
IES+PSH+POP X 2.236 2.236
INQ X 1.581
IEQ+ENQ+DEQ X
54
INS+IES+PSH+POP INQ IEQ+ENQ+DEQ
INS+IES+PSH + POP X 2.236 2.236
INQ X 1.581

IEQ+ENQ+DEQ X



.55

INS+IES+PSH+POP INQ+IEQ+ENQ+DEQ

INS+IES+PSH + POP X 2.236
INQ+IEQ+ENQ+DEQ X
50
INS+IES+PSH + POP+INQ+IEQ+ENQ+DEQ
INS+IES+PSH + POP+INQ+IEQ+ENQ+DEQ X
8) +75%
8
S7- 64
97

INS IES PSH POP INQ IEQ ENQ DEQ
INS X 1870 1870 1.870 2.645 2.645 2.645 2.645

IES X 0.000 0.000 2.645 2.645 2.645 2.645
PSH X 0.000 2.645 2.645 2.645 2.645
POP X 2.645 2.645 2.645 2.645
INQ X 1870 1.870 1.870
IEQ X 0.000 0.000
ENQ X 0.000
DEQ X
58
INS IES+PSH POP INQ IEQ ENQ DEQ
INS X 1.870 1870 2.645 2.645 2.645 2.645
IES+PSH X 0.000 2.645 2.645 2.645 2.645
POP X 2.645 2.645 2.645 2.645
INQ X 1870 1870 1.870
IEQ X 0.000 0.000
ENQ X 0.000
__ DEQ. _ X
59
INS IES+PSH+POP INQ IEQ ENQ DEQ
INS X 1.870 2.645 2645 2.645 2.645
IES+PSH+POP X 2.645 2645 2.645 2.645
INQ X 1870 1.870 1.870
IEQ X 0.000  0.000
ENQ X 0.000
DEQ X
60
INS IES+PSH+POP INQ IEQ+ENQ DEQ
INS X 1.870 2.645 2.645 2.645
IES+PSH+POP X 2.645 2.645 2.645
INQ X 1.870 1.870
IEQ+ENQ X 0.000
DEQ X
601
INS IES+PSH+ POP INQ IEQ+ENQ+DEQ
INS X 1.870 2.645 2.645
IES+PSH+POP X 2.645 2.645
INQ X 1.870

IEQ+ENQ+DEQ X



.62

INS+IES+PSH+POP INQ IEQ+ENQ+DEQ

INS+IES+PSH + POP X 2.645 2.645
INQ X 1.870
IEQ+ENQ+DEQ X
INS+IES+PSH +POP INQ+IEQ+ENQ+DEQ
INS+IES+PSH+POP X 2.645
INQ+IEQ+ENQ+DEQ X
64
INS+IES+PSH + POP+INQ+IEQ+ENQ+DEQ
INS+IES+PSH+POP+INQ+IEQ+ENQ+DEQ X
12 y
1) -1%
65 - .72
65

INS IES IEQ PSH ENQ POP INQ DEQ
INS X 1407 1723 1407 1.723 1407 1989 1.989

IES X 1.723 ~ 0.000 1.723 0.000 1.989 1.989
IEQ X 1.723 0.000 1.723 1.723 0.994
PSH X 1.723 0.000 1.989 1.989
ENQ X 1.723 1.723 0.994
POP X 1.989 1.989
INQ X 1.407
DEQ X
.66
INS IES+PSH IEQ ENQ POP INQ DEQ
INS X 1.407 L7728 1.723 1.407 1.989 1.989
IES+PSH X 1.723 1.723 0.000 1.989 1.989
IEQ X 0.000 1.723 1.723 0.994
ENQ X 1.723 1.723 0.994
POP X 1.989 1.989
INQ X 1.407
DEQ X
67
INS IES+PSH+POP  |gq ENQ INQ DEQ
INS X 1.407 1.723 1.723 1.989 1.989
IES+PSH + POP X 1.723 1.723 1.989 1.989
IEQ X 0.000 1.723 0.994
ENQ X 1.723 0.994
INQ X 1.407
DEQ X
68
INS IES+PSH+POP IEQ+ENQ INQ DEQ
INS X 1.407 1.723 1.989 1.989
IES+PSH + POP X 1.723 1.989 1.989
IEQ+ENQ X 1.723  0.994
INQ X 1.407

DEQ X

72



.69

INS IES+PSH+POP IEQ+ENQ+DEQ INQ

INS X 1.407 1.989 1.989
IES+PSH + POP X 1.989 1.989
IEQ+ENQ+DEQ ' X 1.723

INQ X
INS+IES+PSH+POP |IEQ+ENQ+DEQ INQ
INS+IES+PSH + POP X 1.989 1.989
IEQ+ENQ+DEQ X 1.723
INQ X
INS+IES+PSH+POP IEQ+ENQ+DEQ+INQ
INS+IES+PSH+POP X 1.989
IEQ+ENQ+DEQ+INQ X
INS+IES+PSH + POP+IEQ+ENQ+DEQ+INQ
INS+IES+PSH+POP+IEQ+ENQ+DEQ+INQ X
) 5%

INS IES IEQ PSH ENQ POP INQ DEQ
INS X 1.378 1.688 1.378 1.688 1.378 1.949 1.949

IES X 1.688  0.000 1.688 0.000 1.949 1.949
IEQ X 1.688 0.000 1.688 1.688 0.974
PSH X 1.688 0.000 1.949 1949
ENQ X 1.688 1.688 0.974
POP X 1.949 1.949
INQ X 1.378
DEQ X
14
INS IES+PSH IEQ ENQ  POP INQ DEQ
INS X 1.378 1.688 1.688 1.378 1.949 1.949
IES+PSH X 1.688 1.688 0.000 1.949 1.949
IEQ X 0.000 1.688 1.688 0.974
ENQ X 1.688 1.688 0.974
POP X 1.949 1.949
INQ X 1.378
DEQ X
15
INS IES+PSH + POP IEQ ENQ INQ DEQ
INS X 1.378 1.688 1.688 1.949 1.949
IES+PSH+POP X 1.688 1.688 1.949 1.949
IEQ X 0.000 1.688 0.974
ENQ X 1.688 0.974
INQ X 1.378

DEQ X

73



.76

INS IES+PSH+POP IEQ+ENQ INQ DEQ

n INS X 1.378 1.688 1.949 1.949
IES+PSH+POP X 1.688 1.949 1.949
IEQ+ENQ X 1.688 0.974
INQ X 1.378
DEQ X
17
INS |IES+PSH+POP IEQ+ENQ+DEQ INQ
INS X 1.378 1.949 1.949
IES+PSH+POP X 1.949 1.949
IEQ+ENQ+DEQ X 1.688
INQ X
18
INS+IES+PSH+POP IEQ+ENQ+DEQ INQ
INS+IES+PSH+POP X 1.949 1.949
IEQ+ENQ+DEQ X 1.688
INQ X
19
INS+IES+PSH +POP IEQ+ENQ+DEQ+INQ
INS+IES+PSH + POP X 1.949
IEQ+ENQ+DEQ+INQ X
30
INS+IES+PSH + POP+IEQ+ENQ+DEQ+INQ
INS+IES+PSH+POP+IEQ+ENQ+DEQ+INQ X
3) -25%
8
8- 88
8l
INS IES IEQ PSH ENQ POP INQ DEQ
INS X 1.224 1500 1.224 1.500 1.224 1.732 1.732
IES X 1500 o0.000 1500 o0.000 1732 1.732
IEQ X 1500 o0.000 1500 1500 0.866
PSH X 1.500 o0.000 1.732 1.732
ENQ X 1.500 1500 0.866
POP X 1.732 1.732
INQ X 1.224
DEQ X
82
INS IES+PSH IEQ ENQ POP INQ DEQ
INS X 1.224 1.500 1500 1.224 1.732 1.732
IES+PSH X 1500 1500 o0.000 1732 1732
IEQ X 0.000 1500 1500 0.866
ENQ X 1500 1500 o0.866
POP X 1.732 1.732
INQ X 1.224

DEO X

74



.83

INS IES+PSH+POP IEQ ENQ INQ DEQ

INS X 1.224 1500 1.500 1.732 1.732
IES+PSH+POP X 1500 1.500 1.732 1.732
IEQ X 0.000 1500 0.866
ENQ X 1.500 0.866
INQ X 1.224
DEQ X
84
INS IES+PSH+POP IEQ+ENQ INQ DEQ
INS X 1.224 1.500 1.732 1.732
IES+PSH+POP X 1.500 1732  1.732
IEQ+ENQ X 1500 o0.866
INQ X 1.224
DEQ X
INS IES+PSH+POP IEQ+ENQ+DEQ INQ
INS X 1.224 1.732 1.732
IES+PSH+POP X 1.732 1.732
IEQ+ENQ+DEQ X 1.500
INQ X
INS+IES+PSH + POP IEQ+ENQ+DEQ INQ
INS+IES+PSH + POP X 732 1.732
IEQ+ENQ+DEQ X 1.500
INQ X
87
INS+IES+PSH+POP IEQ+ENQ+DEQ+INQ
INS+IES+PSH+POP X 1.732
IEQ+ENQ+DEQ+INQ X
INS+IES+PSH+POP+IEQ+ENQ+DEQ+INQ
INS+IES+PSH+POP+IEQ+ENQ+DEQ+INQ X
) 75%

INS IES IEQ PSH ENQ POP INQ DEQ
INS X 0.707 o0.866 0.707 o0.866 0.707 1.000 1.000

IES X 0.866 0.000 0.866 0.000 1.000 1.000
IEQ X 0.866 0.000 0.866 0.866 0.500
PSH X 0.866  0.000 1.000 1.000
ENQ X 0.866 0.866 0.500
POP X 1.000 1.000
INQ X 0.707



.90

INS IES+PSH IEQ ENQ POP INQ DEQ

INS X 0.707 0.866 0.866 0.707 1.000 1.000
IES+PSH X 0.866 0.866 0.000 1.000 1.000
IEQ X 0.000 0.866 0.866 0.500
ENQ X 0.866 0.866 0.500
POP X 1.000  1.000
INQ X 0.707
DEQ X
91
INS IES+PSH+POP IEQ ENQ INQ DEQ
INS X 0.707 0.866 0.866 1.000 1.000
IES+PSH+POP X 0.866 0.866 1.000 1.000
IEQ X 0.000 0.866 0.500
ENQ X 0.866  0.500
INQ X 0.707
DEQ X
92
INS IES+PSH+POP IEQ+ENQ INQ DEQ
INS X 0.707 0.866 1.000 1.000
IES+PSH+POP X 0.866 1.000 1.000
IEQ+ENQ X 0.866 0.500
INQ X 0.707
DEQ X
93
INS IES+PSH+POP IEQ+ENQ+DEQ INQ
INS X 0.707 1.000 1.000
IES+PSH+POP X 1.000 1.000
IEQ+ENQ+DEQ X 0.866
X
94
INS+IES+PSH+ POP IEQ+ +DEQ
INS+IES+PSH + POP X T\(ﬁ) i%
IEQ+ENQ+DEQ X 0.866
INQ X
95
INS+IES+PSH+POP [IEQ+ENQ+DEQ+INQ
INS+IES+PSH+POP X 1.000
IEQ+ENQ+DEQ+INQ X
96
INS+IES+PSH+POP+IEQ+ENQ+DEQ+INQ
INS+IES+PSH+POP+IEQ+ENQ+DEQ+INQ X
5) +1%

97 - 104



.97

INS IES IEQ PSH ENQ POP INQ DEQ
INS X 1421 1.740 1421 1740 1421 2.009 2.009

IES X 1.740 o0.000 1.740 o0.000 2.009 2.009
IEQ X 1.740 o.000 1.740 1.740 1.004
PSH X 1.740 o0.000 2.009 2.009
ENQ X 1.740 1.740 1.004
POP X 2.009 2.009
INQ X 1421
DEQ X
INS IES+PSH IEQ ENQ POP INQ DEQ
INS X 1421 1.740 1.740 1421 2.009 2.009
IES+PSH X 1.740 1.740 o0.000 2.009 2.009
IEQ X 0.000 1740 1.740 1.004
ENQ X 1.740 1.740 1.004
POP X 2.009 2.009
INQ X 1421
DEQ X
INS |IES+PSH+POP IEQ ENQ INQ DEQ
INS X 1.421 1.740 1.740 2.009 2.009
IES+PSH+POP X 1.740 1740 2.009 2.009
IEQ X 0.000 1.740 1.004
ENQ X 1.740 1.004
INQ X 1421
DEQ X
100
INS |IES+PSH+POP IEQ+ENQ INQ DEQ
INS X 1.421 1.740 2.009 2.009
IES+PSH+POP X 1.740 2.009 2.009
IEQ+ENQ X 1.740 1.004
INQ X 1421
DEQ X
101 ,
INS IES+PSH+POP IEQ+ENQ+DEQ INQ
INS X 1.421 2.009 2.009
IES+PSH+POP X 2.009 2.009
IEQ+ENQ+DEQ X 1.740
INQ X
102
INS+IES+PSH+POP IEQ+ENQ+DEQ INQ
INS+IES+PSH + POP X 2.009 2.009
IEQ+ENQ+DEQ X 1.740
INQ X
103
INS+IES+PSH +POP |IEQ+ENQ+DEQ+INQ
INS+IES+PSH + POP X 2.009
IEQ+ENQ+DEQ+INQ X
104

INS+IES+PSH + POP+IEQ+ENQ+DEQ+INQ
INS+IES+PSH + POP+IEQ+ENQ+DEQ+INQ X



+5%

105- 112
105

INS IES IEQ PSH ENQ POP INQ
INS X 1449 1774 1449 1.774 1449 2.000
IES X 1.774 0.000 1.774 0.000 2.000
IEQ X 1.774 o.000 1.774 1774
PSH X 1.774 0.000 2.000
ENQ X 1.774 1.774
POP X 2.000
INQ X
DEQ
106
INS IES+PSH IEQ ENQ POP INQ
INS X 1.449 1.774 1.774 1.449 2.000
IES+PSH X 1.774 1774 0.000 2.000
IEQ X 0.000 1.774 1.774
ENQ X 1.774 1.774
POP X 2.000
INQ X
DEQ
107
INS IES+PSH+POP IEQ ENQ INQ
INS X 1.449 1.774 1774 2.000
IES+PSH+POP X 1.774 1.774 2.000
IEQ X 0.000 1.774
ENQ X 1.774
INQ X
DEQ
108
INS IES+PSH+POP IEQ+ENQ INQ
INS X 1.449 1.774 2.000
IES+PSH+POP X 1.774 2.000
IEQ+ENQ X 1.774
INQ X
DEQ
109
INS IES+PSH+POP IEQ+ENQ+DEQ
INS X 1.449 2.000
IES+PSH+POP X 2.000
IEQ+ENQ+DEQ X
INQ
10
INS+IES+PSH +POP |IEQ+ENQ+DEQ
INS+IES+PSH + POP X 2.000
IEQ+ENQ+DEQ X
INQ
1

INS+IES+PSH + POP

INS+IES+PSH + POP X
IEQ+ENQ+DEQ+INQ

X

DEQ
2.000
2.000
1.024
2.000
1.024
2.000
1.449

DEQ
2.000
2.000
1.024
1.024
2.000
1.449

DEQ
2.000
2.000
1.024
1.024
1.449

DEQ
2.000
2.000
1.024
1.449

INQ

2.000
2.000
1.774

INQ

2.000

1.774
X

IEQ+ENQ+DEQ +INQ
2.000



112

INS+IES+PSH + POP+IEQ+ENQ+DEQ+INQ

INS+IES+PSH + POP+IEQ+ENQ+DEQ+INQ X
7) +25%
8
113 - 120
3

INS IES IEp PSH ENQ POP INQ DEQ
INS X 1581 1936 1581 1936 1581 2236 2.236

IES X 1.936 0.000 1936 o0.000 2.236 2.236
IEQ X 1936 o0.000 1936 1936 1.118
PSH X 1.936 0.000 2.236 2.236
ENQ X 1.936 1936 1.118
POP X 2.236 2.236
INQ X 1.581
DEQ X
114
INS IES+PSH IEQ ENQ POP INQ DEQ
INS X 1.581 1.936 1936 1581 2.236 2.236
IES+PSH X 1.936 1936 0.000 2.236 2.236
IEQ X 0.000 1936 1936 1.118
ENQ X 1.936 1.936 1.118
POP X 2.236 2.236
INQ X 1.581
DEQ X
115
INS IES+PSH+POP IEQ ENQ INQ DEQ
INS X 1.581 1.936 1.936 2.236 2.236
IES+PSH+POP X 1.936 1936 2.236 2.236
IEQ X 0.000 1936 1.118
ENQ X 1.936 1.118
INQ X 1.581
DEQ X
116
INS |IES+PSH+POP IEQ+ENQ INQ DEQ
INS X 1.581 1.936 2.236 2.236
IES+PSH+POP X 1.936 2.236 2.236
IEQ+ENQ X 1.936 1.118
INQ X 1.581
DEQ X
117
INS IES+PSH+POP IEQ+ENQ+DEQ INQ
INS X 1.581 2.236 2.236
IES+PSH+POP X 2.236 2.236
IEQ+ENQ+DEQ X 1.936
INQ X
118
INS+IES+PSh + POP IEQ+ENQ+DEQ INQ
INS+IES+PSH + PQP X 2.236 2.236
IEQ+ENQ+DEQ X 1.936

INQ X



INS+IES+PSH+POP

INS+IES+PSH+POP+IEQ+ENQ+DEQ+INQ

IEQ+ENQ+DEQ+INQ

INS+IES+PSH + POP X 2.236
IEQ+ENQ+DEQ+INQ X
120
INS+IES+PSH + POP+IEQ+ENQ+DEQ+INQ X
8) +75%
121 - 128
121
INS IES IEQ PSH ENQ POP INQ
INS X 1.870 2.291 1.870 2291 1.870 2.645
IES X 2291 0.000 2291 o0.000 2.645
IEQ X 2291 o0.000 2291 2291
PSH X 2.291 o0.000 2.645
ENQ X 2291 2291
POP X 2.645
INQ X
DEQ
122
INS IES+PSH IEQ ENQ POP INQ
INS X 1.870 2291 2291 1870 2.645
IES+PSH X 2291 2291 o0.000 2.645
IEQ X 0.000 2.291 2.291
ENQ X 2291 2291
POP X 2.645
INQ X
DEQ
123
INS IES+PSH+POP IEQ ENQ INQ
INS X 1.870 2291 2291 2.645
IES+PSH+POP X 2291 2291 2.645
IEQ X 0.000 2.291
ENQ X 2.291
INQ X
DEQ
124
INS IES+PSH+POP IEQ+ENQ INQ
INS X 1.870 2.291 2.645
IES+PSH+POP X 2.291 2.645
IEQ+ENQ X 2.291
INQ X
DEQ
125
INS IES+PSH+POP IEQ+ENQ+DEQ
INS X 1.870 2.645
IES+PSH+POP X 2.645
IEQ+ENQ+DEQ X
INQ

DEQ
2.645
2.645
1.322
2.645
1.322
2.645
1.870

DEQ
2.645
2.645
1.322
1.322
2.645
1.870
X

DEQ

2.645

2.645

1.322

1.322

1.870
X

DEQ
2.645
2.645
1.322
1.870
X

INQ

2.645
2.645
2.291

X



.126

INS+IES+PSH+POP IEQ+ENQ+DEQ  INQ

INS+IES+PSH+POP X 2.645 2.645
IEQ+ENQ+DEQ X 2.291
INQ X
127
INS+IES+PSH+POP IEQ+ENQ+DEQ+INQ
INS+IES+PSH+POP X 2.645
IEQ+ENQ+DEQ+INQ X
128
INS+IES+PSH+POP+IEQ+ENQ+DEQ+INQ
INS+IES+PSH+POP+IEQ+ENQ+DEQ+INQ X
1) 1%
10
129- 138
129

ADP CLP CHP ENR DSM IN'I ADD DEL SRC PRN
ADP X 0000 1.000 1.729 1414 1.729 1994 1.726 2.229 1.994

CLP X 1.000 1729 1414 1729 1.994 1726 2.229 1.994
CHP X 1.410 1000 1.997 2231 1994 2.443 2231
ENR X 0.994 1.994 2229 1992 1994 1729
DSM X 1.729 1994 1726 2.229 1.994
INI X~ 0.994 1410 1407 0.994
ADD X 1.726  1.723  1.407
DEL X 1.992 1.726
SRC X 0.994
PRN X
130
ADP+CLP CHP ENR DSM INI ADD DEL SRC PRN
ADP+CLP X 1.000 1729 1414 1729 1.994 1726 2229 1.994
CHP X 1.410 1.000 1997 2231 1994 2443 2231
ENR X 0.994 1.994 2229 1.992 1994 1.729
DSM X 1729 1.994 1726 2.229 1.994
INI X 0994 1410 1.407 0.994
ADD X 1726 1723  1.407
DEL X 1.992 1.726
SRC X 0.994
PRN X
131
ADP+CLP CHP ENR+DSM INI ADD DEL SRC PRN
ADP+CLP X 1.000 1.729 1.729 1.994 1726 2229 1.994
CHP X 1.410 1.997 2231 1994 2443 2231
ENR+DSM X 1.994 2229 1.992 2229 1.994
INI X 0994 1410 1407 0.994
ADD X 1726 1723  1.407
DEL X 1.992 1.726
SRC X 0.994

PRN X



ADP+CLP CHP ENR+DSM INI+ADD DEL SRC PRN
ADP+CLP X 1000 L1729 1994 1726 2229 1.9%
CHP 1/)1(10 %%?2)% 1994 2443 2231

ENR+DSM 1992 2229 1.9%
INI+ADD X 1726 1723 1407
DEL X 1992 172
SRC X 09%
PRN X
133
ADP+CLP CHP ENR+DSM INI+ADD DEL SRC+PRN
ADP+CLP X 1.000 1.729 1.994 1.726 2.229
CHP X 1.410 2.231 1.994 2.443
ENR+DSM X 2.229 1992 2.229
INI+ADD X 1.726 1723
DEL X 1992
SRC+PRN X
134
ADP+CLP+CHP ENR+DSM = INI+ADD DEL SRC+PRN
ADP+CLP+CHP X 1.729 2.231 1.994 2.443
ENR+DSM X 2.229 1.992 2.229
INI+ADD X 1.726 1723
DEL X 1.992
SRC+PRN X
135
ADP+CLP+CHP  ENR+DSM  INI+ADD+SRC+PRN  DEL
ADP+CLP+CHP X 1.729 2443 1.994
ENR+DSM 2.229 1.992
INI+ADD+SRC+PRN X 1.992
DEL X
136
ADP+CLP+CHP+ENR+DSM  INI+ADD+SRC+PRN  DEL
ADP+CLP+CHP+ENR+DSM X 2.443 1.99%4
INI+ADD+SRC+PRN X 1.992
DEL X
137
ADP+CLP+CHP+ENR+DSM  INI+ADD+SRC+PRN+DEL
ADP+CLP+CHP+ENR+DSM X 2.443
INI+ADD+SRC+PRN+DEL
138
ADP+CLP+CHP+ENR+DSM
+INI+ADD+SRC+PRN+DEL
ADP+CLP+CHP+ENR+DSM X
+INI+ADD+SRC+PRN+DEL
) 5%
10



.139

ADP CIP CHP ENR DSM INIL ADD DEL SRC PRN
ADP X 0000 1000 1717 1414 1L7i7 1974 1702 2202 1974
CLP X 1000 1717 1414 1717 1974 1702 2202 1974
CHP ' 139% 1000 1987 2213 19714 2418 2213
ENR 0974 1974 2202 1962 1974 1717
DSM X L717 1974 1702 2202 1974
INI X 0974 13% 1318 0974
ADD X 1702 1688 1378
DEL X 1962 1702
SRC X 0974
PRN X

140

ADP+CLP CHP ENR DSM INI. ADD DEL SRC PRN
1.000 : 1. 2.20 14

ADP+CLP X 177 1414177 1974 1702 2 19
CHP 1396 1000 1987 2213 1974 2418 2213
ENR 9419142202 1962 1974 L1il7
DSM X 177 1974 1702 2202 1974
INI X 0974 13% 1378 0974
ADD X L1702 1688 1378
DEL X 1962 1702
SRC X 0974
PRN

141
ADP+CLP CHP ENR+DSM INI. ADD DEL SRC PRN
ADP+CLP X 1000 1717 o 1717 1974 1702 2202 1974
CHP 13% 1987 2213 1974 2418 2213
ENR+DSM X 1974 2202 1962 2202 1974
INI X 0974 13% 1378 0974
ADD 1702 1688 1378
DEL X 19%2 1702
SRC X 0974
PRN X
142
ADP+CLP  CHP ENR+DSM INI+ADD DEL SRC  PRN
ADP+CLP X 1000 1717 1974 1702 2202 1974
CHP 2213 1974 2418 2213
ENR+DSM 2202 1962 2202 1974
INI+ADD X 1702 1688 1378
DEL X 192 1702
SRC X 0974
PRN X
143
ADP+CLP  CHP ENR+DSM INI+ADD DEL  SRC+PRN
ADP+CLP X 1000 1717 1974 1702 2202
CHP 1.396 2213 19714 2418
ENR+DSM X 2202 1962 2202
INI+ADD X 1702 1688
DEL X 1.962
SRC+PRN X
144
ADP+CLP+CHP  ENR+DSM INI+ADD  DEL  SRC+PRN
ADP+CLP+CHP X 1717 2213 1914 2418
ENR+DSM X 2202 1962 2202
INI+ADD X 1.702

1.688
DEL X 1.962
SRC+PRN X

83



.145

ADP+CLP+CHP ENR+DSM  INI+ADD+SRC+PRN  DEL
X L1 2418

ADP+CLP+CHP 1974
ENR+DSM . X 2.202 1.962
INI+ADD+SRC+PRN X 1.962
DEL X
146
ADP+CLP+CHP+ENR+DSM  INI+ADD+SRC+PRN  DEL
ADP+CLP+CHP+ENR+DSM X 2418 1.974
INI+ADD+SRC+PRN 1.962
DEL
147
ADP+CLP+CHP+ENR+DSM  INI+ADD+SRC+PRN+DEL
ADP+CLP+CHP+ENR+DSM X 2418
INI+ADD+SRC+PRN+DEL
148
ADP+CLP+CHP+ENR+DSM
+INI+ADD+SRC+PRN+DEL
ADP+CLP+CHP+ENR+DSM X
+INI+ADD+SRC+PRN+DEL
3) -25%
10
149- 158

149
ADP CLP CHP ENR DSM INI  ADD DEL SRC PRN
1810 1 2.061 1810

ADP X 0000 1000 1658 1414 16 281
CLP X 1000 1658 1414 1656 18/0 1581 2061 1.8/0
CHP X 132 1000 1936 2121 18/0 2291 2121
ENR X 0866 18/0 2061 1802 18/0 1658
DSM 1658 1870 1581 2061 1870
INI 0866 1322 1224 0866
ADD 1581 1500 1.224
DEL X 1802 1581
SRC X 0.866
PRN X

150

ADP+CLP CHP  ENR DSM |
AD(I;+CLP X 1000 1658 1414

NI
1658 1870 2.06
HP X 132 1000 193% 2121 1870 2291 2121
ENR X 0866 180 2061 1802 1870 1658
DSM X 1656 1870 1581 2061 1870
INI X 0866 132 1224 0866
ADD X 15681 1500 1224
DEL X 1802 1581
SRC X 0.866

84



85

.151

ADP+CLP CHP ENR+DSM INI  ADD DEL SRC PRN

ADP+CLP 1000 1658 1658 1870 1581 2061 1870
CHP X L 322 193% 2121 1870 2291 2121
ENR+DSM 1870 2061 1802 2061 1870
INI X 0866 132 1224 0.866
ADD X 1581 1500 1224
DEL X 1802 1581
SRC X 0.866
PRN X
152
ADP+CLP CHP ENR+DSM  INI+ADD DEL  SRC  PRN
ADP+CLP 1000 1.6%8 1870 1581 2061 1870
CHP X L 322 2121 18710 2291 2121
ENR+DSM 2061 1802 2061 1870
INI+ADD X 1581 1500 1.224
DEL X 1802 1581
SRC X 0.866
PRN X
153

ADP+CLP  CHP  ENR+DSM INI+ADD  DEL  SRC+PRN
ADP+CLP X 1000 1658 1870 1581 2061
CHP X 1322 2121 18710 2291

ENR+DSM X 2.061 1.802 2.061
INI+ADD X 1581 1.500
DEL X 1.802
SRC+PRN X
154
ADP+CLP+CHP ENR+DSM INI+ADD DEL SRC+PRN
ADP+CLP+CHP X 1.658 2.121 1.870 2.291
ENR+DSM X 2.061 1.802 2.061
INI+ADD X 1581 1.500
DEL X 1.802
SRC+PRN X
155
ADP+CLP+CHP ENR+DSM  INI+ADD+SRC+PRN  DEL
ADP+CLP+CHP X 1.658 2.291 1.870
ENR+DSM X 2.061 1.802
IN |+ADD+SRC+PRN X 1 802
156
ADP+CLP+CHP+ENR+DSM  INI+ADD+SRC+PRN DEL
ADP+CLP+CHP+ENR+DSM X 2.291 1.870
INI+ADD+SRC+PRN X 1.802
DEL
157
ADP+CLP+CHP+ENR+DSM  INI+ADD+SRC+PRN+DEL
ADP+CLP+CHP+ENR+DSM X 2.291
INI+ADD+SRC+PRN+DEL
158

ADP+CLP+CHP+EN +DSM X
+INI+ADD+SRC+PRN+DEL



) T5%

159 - 168
159
ADP CLP CHP ENR DSM INI ADD DEL
ADP X 0000 1000 1500 1414 1500 1581 1224
CLP X 1000 1500 1414 1500 1581 1224
CHP X 1118 1000 1802 1870 1.581
ENR X 0500 1581 1658 1322
DSM X 1500 1581 1224
INI X 0500 1118
ADD X 124
DEL
SRC
PRN

160

ADP+CLP CHP ENR DSM INI  ADD  DEL
ADP+CLP X 1 000 1500 1414 1500 1581 1.224
CHP L %(18 6.000 1602 1870 1581

ENR 500 1581 1658 1322
DSM X 1500 1581 1224
INI X 0500 1118
ADD X 1224
DEL
SRC
PRN
161

ADP+CLP CHP  ENR+DSM INI - ADD  DEL

ADP+CLP X 1000 1500 1500 1581 1224
CHP X 1118 1802 18710 1581
ENR+DSM X 1581 1658 1322
INI X 0500 1118
ADD X 1224
DEL
SRC
PRN

162

ADP+CLP CHP ENR+DSM INI+ADD  DEL
ADP+%LP X ()J?O 1.500 1581 1224

CH 1118 1870 1.581
ENR+DSM X 1656  1.322
INI+ADD X 1.224
DEL X
SRC
PRN
163
ADP+CLP CHP ENR+DSM INI+ADD  DEL
ADP+CLP X 1000 1500 19581 124
CHP 1118 1 810 1581
ENR+DSM X 1658 132
INI+ADD X 1.224

DEL
SRC+PRN



.164

ADP+CLP  CHP ENR+DSM INI+ADD+SRC+PRN  DEL
1.658 1.224

ADP+CLP X 1.000 1.500
CHP X L 118 1.936 1581
ENR+DSM 1.658 132
INI+ADD+SRC+PRN X 132
DEL X
165
ADP+CLP+CHP ENR+DSM  INI+ADD+SRC+PRN  DEL
ADP+CLP+CHP X 1500 1.936 1581
ENR+DSM X 1.658 1.322
INI+ADD+SRC+PRN X 1 §(22
166
ADP+CLP+CHP ENR+DSM+DEL IN |+ADD+SRC+PRN
ADP+CLP+CHP X 1581 1.936
ENR+DSM+DEL X L 658
INI+ADD+SRC+PRN
167

ADP+CLP+CHP+ENR+DSM+DEL  INI+ADD+SRC+PRN
ADP+CLP+CHP+ENR+DSM+DEL X 1.936
INI+ADD+SRC+PRN

168
ADP+CLP+C S +DEL
[+ADD S C PRN
ADP+CLP+CHP+ENR+DSM+DEL X
+INI+ADD+SRC+PRN
) +1%
10
169- 178
169
ADP CIP CHP ENR DSM INI ADD DEL SRC PRN
ADP X 0000 1000 1734 1414 1734 2004 1737 2242 2.004
CLP 1000 1734 1414 1734 2004 1737 2242 2004
CHP X 1417 1000 2002 2240 2004 2455 2.240
ENR X 1004 2004 2242 2007 2004 1734
DSM 1734 2004 1737 2242 2.004
INI 1004 1417 1421 1.004
ADD X 1731 L1740 1421
DEL X 2007 1737
SRC X 1.())?4



.170

ADP+CLP CHP ENR DSM INI ADD DEL SRC PRN
ADP+CLP X 1000 1734 1414 1734 2004 1737 2242 2.004
CHP X, 1417 1000 2002 2240 2004 2455 2240

ENR UX 1004 2004 2242 2007 2004 1734
DSM X L734 2004 1737 2242 2004
INI X 1004 1417 141 1.004
ADD X L1737 1740 1421
DEL X 2007 1737
SRC X 1.004
PRN X
A7
ADP+CLP+CHP ENR DSM INI ADD DEL SRC PRN
ADP+CLP+CHP 1.734 1414 2002 2240 2004 2455 2240
ENR X 004 2004 2242 2007 2004 173
DSM 1734 2004 1737 2242 2.004
IN| X 1004 1417 1421 1.004
ADD X 1731 1740 1421
DEL X 2007 1737
SRC X 1.004
PRN X
172
ADP+CLP+CHP ENR+DSM INI ADD DEL SRC  PRN
ADP+CLP+CHP X 1730 2002 2240 2004 245 2240
ENR+DSM X 2004 2242 2007 2242 2.004
IN| X 1004 1417 1421 1.004
ADD X 1731 1740 1421
DEL X 2007 1737
SRC X 1.004
PRN X
173
ADP+CLP+CHP ENR+DSM INI+ADD DEL SRC  PRN
ADP+CLP+CHP X 1.734 2240 2004 2455 2.240
ENR+DSM X 2240 2007 2242 2.004
INI+ADD X 1737 1740 1421
DEL X 2007 1737
SRC X 1004
PRN X
174
ADP+CLP+CHP ENR+DSM INI+ADD DEL  SRC+PRN
ADP+CLP+CHP X 1.734 2240 2004 245
ENR+DSM X 220 2007 2242
INI+ADD X 31 140
DEL X 2.007
SRC+PRN X
175
ADP+CLP+CHP+ENR+DSM  INI+ADD DEL  SRC+PRN
ADP+CLP+CHP+ENR+DSM X 2242 2007 245
IN[+ADD X 37T 170
DEL X 2.007
SRC+PRN X
176
ADP+CLP+CHP+ENR+DSM  INI+ADD+DEL  SRC+PRN
ADP+CLP+CHP+ENR+DSM X 2.242 2.455

INI+ADD+DEL X 2.007
SRC+PRN X



177

ADP+CLP+CI;I(P+ENR+DSM INI+ADD+9§5L;SRC+PRN

ADP+CLP+CHP+ENR+DSM
INI+ADD+DEL+SRC+PRN
178
ADP+CLP+CHP+ENR+DSM
+INI+ADD+DEL+SRC+PRN
ADP+CLP+CHP+ENR+DSM X
+INI+ADD+DEL+SRC+PRN
6) 5%
10
179- 188

179

ADP CLP CHP ENR DSM INI ADD DEL SRC  PRN
ADP X 0000 1000 1746 1414 1746 2024 1760 2269 2024
CLP X 1000 1746 1414 1746 2024 1760 2269 2.024
CHP X 1431 1000 2012 2258 2024 2479 2258
ENR X 1024 2024 2269 20371 2024 1746
DSM L746 2024 1760 2269 2.024
INI X 1024 1431 1449 1.024
ADD 1760 1774 1449
DEL X 2037 1760
SRC X 1024
PRN X
160
ADP+CLP CHP ENR DSM INI ~ ADD DEL SRC PRN
ADP+CLP X 1000 1746 1414 1746 2024 1760 2269 2024
CHP X 1431 1000 2012 2258 2024 2479 2258
ENR X 1024 2024 2269 2037 2024 1746
DSM X L1746 2024 1760 2269 2024
INI X 1024 1431 1449 1024
ADD 1760 L774 1449
DEL X 2037 1760
SRC X 1024
PRN
181
ADP+CLP+CHP ENR DSM  INI ADD DEL SRC PRN
ADP+CLP+CHP X 1746 1414 2012 2258 2024 2479 2258
ENR X 1024 2024 2269 2037 2024 1746
DSM X L1746 2024 1760 2269 2024
INI X 1024 1431 1449 1024
ADD X L1760 1774 1.449
DEL X 2037 1760
SRC X 1024



.182

ADP+CLP+CHP ENR+DSM INI  ADD DEL SRC PRN
ADP+CLP+CHP X 1.746 2012 2258 2024 2479 2.258
ENR+DSM 2024 2269 2037 2269 2024
INI X 1024 1431 1449 1024
ADD X 1760 L1774 1449
DEL X 2037 1760
SRC X 104
PRN X
183
ADP+CLP+CHP ENR+DSM INI+ADD DEL SRC PRN
ADP+CLP+CHP X 1.746 2.258 2024 2479 2.258
ENR+DSM X 2.269 2037 2269 2.024
INI+ADD X 1760 L1774 1449
DEL X 2037 1760
SRC 1.024
PRN
184
ADP+CLP+CHP ENR+DSM INI+ADD DEL SRC+PRN
ADP+CLP+CHP X 1.746 2.258 2.024 2479
ENR+DSM X 2.269 2.037 2.269
INI+ADD X 1.760 1.774
DEL X 2.037
SRC+PRN X
185
ADP+CLP+CHP+ENR+DSM  INItADD DEL  SRC+PRN
ADP+CLP+CHP+ENR+DSM X 2.269 2.037 2479
INI+ADD X L 760 1774
DEL 2.037
SRC+PRN
186
ADP+CLP+CHP+ENR+DSM  INI+ADD+DEL  SRC+PRN
ADP+CLP+CHP+ENR+DSM X 2.269 2479
INI+ADD+DEL X 2.037
SRC+PRN X
187
ADP+CLP+CHP+ENR+DSM  INI+ADD+DEL+SRC+PRN
ADP+CLP+CHP+ENR+DSM X 2479
INI+ADD+DEL+SRC+PRN
188
ADP+CLP+CHP+ENR+DSM
+INI+ADD+DEL+SRC+PRN
ADP+CLP+CHP+ENR+DSM X
+INI+ADD+DEL+SRC+PRN
) +25%

10
169 - .19

90



.189

ADP CLP CHP ENR DSM INI ADD DEL SRC PRN
1 2.397 2121

ADP X 0000 1000 1802 1414 1802 2121 1870 2.1

| P X 1000 1802 1414 1802 2121 1870 2397 2121
CHP " 1500 1000 2061 2345 2121 2598 2.345
ENR 118 2121 2397 2179 2121 1.802
DSM 1802 2121 1810 2397 2121
INI 1118 1500 1581 1118
ADD X 1870 1936 1561
DEL X 219 1810
SRC 1.118
PRN X

190

ADP+CLP CHP ENR DSM INI ADD DEL SRC PRN

ADP+CLP X 1000 1802 1414 1802 2121 180 2397 2121
CHP X 1500 1000 2061 2345 2121 2598 2.345
ENR X LU8 2121 2397 21719 2121 1802
DSM X 1802 2121 1870 2397 2121
INI X L1118 1500 1581 1118
ADD X 180 193 1581
DEL X 2179 1870
SRC X 1118
PRN

191
ADP+CLP+CHP  ENR  DSM  INI ~ADD DEL SRC  PRN
ADP+CLP+CHP X 1802 1414 2061 2345 2121 2598 2.345
ENR X LU8 2121 2397 2179 2121 1802
DSM X 1802 2121 1870 2397 2121
INI X L1118 1500 1581 1118
ADD X 1870 193 1561
DEL X 2179 1870
SRC X 118
PRN
192
ADP+CLP+CHP  ENR+DSM  INI  ADD  DEL  SRC  PRN
ADP+CLP+CHP X 1802 2061 2345 2121 2598 2345
ENR+DSM X 2120 23971 2179 2397 2121
INI X 1118 1500 1581 1118
ADD X 180 1936 1581
DEL X 2179 1870
SRC X 1118
PRN
193
ADP+CLP+CHP  ENR+DSM INI4ADD DEL SRC  PRN
ADP+CLP+CHP X 1.802 2345 2121 2598 2345
ENR+DSM X 2397 2179 2397 2121
INI+ADD X 1870 1936 1581
DEL X 21719 1870
SRC X 1118
PRN
194
ADP+CLP+CHP  ENR+DSM  INI+ADD  DEL  SRC+PRN
ADP+CLP+CHP X 1802 2345 2121 2598
ENR+DSM X 2391 2119 2397
INI+ADD X 18710 1936
DEL X 2179
SRC+PRN X

91



.195

ADP+CLP+C|;|(P+ENR+DSM INZIE,SPD DEL  SRC+PRN

ADP+CLP+CHP+ENR+DSM 2.179 2.598
INI+ADD

X 1.870 1.936
DEL X 2.179
SRC+PRN X
196
ADP+CLP+CHP+ENR+DSM  INI+ADD+DEL  SRC+PRN
ADP+CLP+CHP+ENR+DSM X 2.397 2.5%
INI+ADD+DEL
SRC+PRN
197
ADP+CLP+CHP+ENR+DSM  INI+ADD+DEL+SRC+PRN
ADP+CLP+CHP+ENR+DSM X 2.598
INI+ADD+DEL+SRC+PRN
198
ADP+CLP+CHP+ENR+DSM
+INI+ADD+DEL+SRC+PRN
ADP+CLP+CHP+ENR+DSM X
+INI+ADD+DEL+SRC+PRN
8) +15%
10
199 - 208
199
ADP CLP CHP ENR DSM INI ADD DEL SRC PRN
ADP X 0000 1000 1936 1414 1936 2345 2121 2692 2345
CLP X 1000 1936 1414 1936 2345 2121 2692 2345
CHP X 1658 1000 2179 2549 2345 2872 2549
ENR 1322 2345 2692 25 2345 193
DSM X 1936 2345 2121 2692 2.345
INI X 1322 1658 1870 1322
ADD X 2121 2291 1870
DEL X 25 2121
SRC X 13
PRN

200
ADP+CLP CHP  ENR DM |

NI
ADP+CLP X 1000 1936 1414 1936 2.345 2.69

CHP X 1658 1000 2179 2549 2345 28712 2.549
ENR 1322 2345 2692 2500 2345 1936
DSM X 1936 2345 2121 2692 2345
INI X 132 1658 1870 1322
ADD X 2121 2291 1870
DEL X 2500 2121
SRC X 132



.201

ADP+CLP+CHP ENR DM INI - ADD DEL SRC  PRN
ADP+CLP+CHP 1936 1414 2179 2549 2345 28712 2549
ENR , X 1 322 2345 2692 2500 2345 1936
DSM 1936 2345 2121 2692 2345
INI X 132 1658 1870 132
ADD X 2120 2290 1810
DEL X 2500 2121
SRC X 132
PRN X
202
ADP+CLP+CHP  ENR+DSM  INI  ADD DEL SRC  PRN
ADP+CLP+CHP X 1936 2119 2549 2345 2872 2.549
ENR+DSM X 2345 2692 2500 2692 2345
INI X 132 1658 1870 132
ADD X 2121 2291 1870
DEL X 2500 212
SRC X 132
PRN
203
ADP+CLP+CHP  ENR+DSM INI+ADD DEL  SRC  PRN
ADP+CLP+CHP X 1936 2549 2345 2812 2549
ENR+DSM X 2 692 2 500 2692 2345
INI+ADD 2121 2291 1810
DEL X 2500 212
SRC X 132
PRN
204
ADP+CLP+CHP ~ ENRtDSM  INI+ADD ~ DEL ~ SRC+PRN
ADP+CLP+CHP X 1936 2549 2345 28712
ENR+DSM X 2692 2500 2692
INI+ADD X 201 291
DEL X 2,500
SRC+PRN X
20
ADP+CLP+CHP+ENR+DSM  INI+ADD  DEL  SRC+PRN
ADP+CLP+CHP+ENR+DSM X 2602 2500 2872
INI+ADD X 2120 2291
DEL X 2.500
SRC+PRN X
206
ADP+CLP+CHP+ENR+DSM  INI+ADD+DEL ~ SRC+PRN
ADP+CLP+CHP+ENR+DSM X 2,692 2872
INI+ADD+DEL X 2,500
SRC+PRN X
207
ADP+CLP+CHP+ENR+DSM  INI+ADD+DEL+SRC+PRN
ADP+CLP+CHP+ENR+DSM X 2872
INI+ADD+DEL+SRC+PRN
208

E
ADP+CLP+CHP+ENR+DSM X
+INI+ADD+DEL+SRC+PRN

93



2 ( )
2.1 ?
8
209 - 216
209
INS IES PSH POP IN% [EQ EN DE%
INS X 1414 1414 1414 2.000  2.00
[ES X 0000 0.000 2000 2000 2000 2000
PSH X 0000 2000 2000 2000 2000
POP X 2000 2000 2000 2.000
IN X 1414 1414 1414
IE X 0.000 0.000
EN X 0.000
DE X
210
INS IEStPSH POP IN IE% ENQ  DE
INS X 1414 144 200 2.000  2.00
[ES+PSH X 0.000  2.000 2.000 2.000 2.000
POP X 2000 2000 2000 2.000
IN X 1414 1414 1414
|E X 0.000 0.000
EN X 0.000
DE X
211
INS  IES+PSH+POP IN% IE% EN% DE
INS X 1414 2.000 200 2.00
[ES+PSH+POP X 2,000 2.000 2 000 2.000
IN X 1414 1414 1414
|E X 0.000 0.000
EN X 0000
DE X
212
INS IES+PSH+POP  INQ  IEQ+ENQ  DE
INS X 1414 % ? ? %
[ES+PSH+POP X 2 000 2 000 2 000
Ing:} X 1414 1414
IE%+ NQ X 0.000
EQ X
213
INS IES+PSH+POP  INO  IEQ+ENQ+DE
INS X 1414 2.0(% ? 2.0(()‘)0 ?
[ES+PSH+POP X 2.000 2.000
IN8 X 1414
IEQ+ENQ+DEQ X
214

INS+IES+PSH + POP IN8 IEQ+EN%+DEQ
INS+IESIJ|r\lPSH+POP X 2.0001 2.00

IEQ+EN8+DEQ



.215

INS+IES+PSH +POP

INS+IES+)F(>SH+POP INQ+IE%+0I(EJ(I)\IQ+DEQ
INQ+EQ+ENQ+DEQ |

.216

INS+IES+PSH+POP+INQ+IEQ+ENQ+DEQ
INS+IES+PSH + POP+INQ+IEQ+ENQ+DEQ X

2.2 y

217- .224

217

INS IES IE PSH EN POP | N% DE%
INS X 1414 1732 141 1414 2,00
|ES X 1732 0. 000 l 732 0.000 2.000 2.000

IE X 1732 0000 1732 1732 1.000
PS 1732 0000 2000 2.000
EN X 172 1732 1000
PO X~ 2000 2.000
IN X 1414
DE

.218
INS IES+PSH IEQ ENQ POP IN% DE
INS X 44 17% 172 1414 2000 200
IES+PSH X 173 1732 0000 2000 2.000
IE X 0000 1732 1732 1000
EN% X 1732 1732 1000
PO X~ 2000 2.000
IN X 1414
DE X
.219
INS IES+PSH+POP  |EQ  EN IN% DE
INS X 1414 1732 1732 2000 2.00
|ES+PSH+POP 1732 1732 2000 2.000
IE X~ 0000 1732 1.000
EN X 1732 1000
IN X 1414
DE X
.220
INS IES+PSH+POP IE?+ENQ IN%
INS 2000 2.0

|ES+PSH+POP x 2000 2.000

IE?+ENQ x 1732 1000
N X 144
DE X
221
INS IES+PSH+POP IEQ+ENO+DEQ  IN
NS T

G S

? IN8 X



2.3

INS+IES+PSH + POP
I[EQ+ENQ+DEQ

INS+IES+PSH +POP

222

.223

IEQ+ENQ+DEQ+INQ

INS+ES+PSH+POP+IEQ+ENQ+DEQ+INQ

225- 234

ADP
ADP X

224

.225

CLP CHP ENR
0. 000 1000 1732
1000 1.732

X 1L 1)1(14

.226

ADP+CLP  CHP  ENR

ADP+CLP

ADP+CLP+CHP
ENR

DSM
INI
ADD
DEL
SRC
PRN

X 1,000 1.732
X 1.1)1(14

227

INS+IES+)F(’SH+POP

ADP+CLP+CHP ENR DSM INI

X

INS+IES+PSH+POP  |EQ+ENQ+DEQ  IN
X } 2.0(% ? 2.0(%

X

IEQ+ENQ+DEQ+IN
2 9.000 AN

10

INSHESPSH +POPYIEQHENQ:DEQHING

DSM INI ADD DEL SRC PRN
1414 1732 2000 1732 2236 2000
1414 173 2000 1732 2236 2000
1000 2000 2236 2000 2449 2.236
1000 2000 2236 2000 2000 1732
X 1732 2000 1732 2236 2000
X 1000 1414 1414 1000
X L7132 1732 1414
X 2000 1732
X 1.000
X
DSM INI  ADD DEL SRC PRN
1414 1732 2000 1732 2236 2000
1000 2000 2236 2000 2449 2236
1000 2000 223 2000 2000 1732
X 1732 2000 1732 223 2000
X 1000 1414 1414 1000
X 1132 1732 1414
X 2000 1732
X 1.000
X
ADD DEL SRC  PRN
1732 1414 2000 2236 2000 2449 2236
1000 2000 223 2000 2000 1732
1732 2000 1732 223 2.000
000 1414 1414 1000
X 17132 173 1414
X 2.9?0 1.732

96



97

.228

ADP+CLP+CHP ENR+DSM  INI ADD DEL SRC PRN
ADP+CLP+CHP X 1732 2000 2236 2000 2449 2236
ENR+DSM X 2000 223 2000 2236 2.000
INI X 1000 1414 1414 1000
ADD X 1732 1732 1414
DEL X 2000 1732
SRC X 1.000
PRN X
229
ADP+CLP+CHP  ENR+DSM  INI+ADD DEL  SRC ~ PRN
ADP+CLP+CHP X 1.732 223 2000 2449 2236
ENR+DSM X 223 2000 2236 2000
INI+ADD X 1732 1732 1414
DEL X 2000 1732
SRC X 1.000
PRN X

.230

ADP+CLP+CHP ENR+DSM INI+ADD  DEL  SRC+PRN
ADP+CLP+CHP X 1.732 2236 2000 2449

ENR+DSM X 2236 2000  2.236

INI+ADD X 17132 173
DEL X 2.000

SRC+PRN X

231

ADP+CLP+C|31(P+ENR+DSM IN%+2,§\6DD DEL SRC+PRN

2000 2449

ADP+CLP+CHP+ENR+DSM
INI+ADD X 1732 1732
X 2.000

DEL
SRC+PRN

232

ADP+CLP+CHP+ENR+DSM  INI+ADD+DEL  SRC+PRN
ADP+CLP+CHP+ENR+DSM X 2.236 2.449

INI+ADD+DEL X 2.000
SRC+PRN X
233
ADP+CLP+CHP+ENR+DSM  INI+ADD+DEL+SRC+PRN
ADP+CLP+CHP+ENR+DSM X 2.449

INI+ADD+DEL+SRC+PRN

.234
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+75%
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3) 75%

. B

Lor>; isEmptyStack push -pop IsEmptyQueue enQueue deQueue initQ
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00 . . . = . ..
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1) 5%

W0 — — — — - — = TS BERAR N - - — - — — — —

add pos clear_pos check pos enroll dismiss init add search print del

A3
-5%
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2) -25%

30 |

2.0:k= ==

0.0

add pos ciear_pos check pos enroll dismiss init add search print del
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15
+5%



3.0

20

1.0

0.0

4) +25%

16

b) +75%

L e R S ey s . . =

+25%

add_pos clear_pos check_pos enroll dismiss init add del search print

104

add _pos clearjoos check_pos enroll dismiss init add del search print

17

+75%



8 (The eighth Asia-Pacific
Software Engineering Conference, APSEC 2001) 4-7 2543
Identifying Candidate Objects Using Hierarchical Clustering
Analysis
Somsak Phattarsukol ~ Pornsiri Muenchaisri



106

Identifying Candidate Objects Using Hierarchical Clustering Analysis

Somsak Phattarsukol and Pomsiri Mucnchaisn
Departmentof Computer Engineering
Faculty of Engineering
Chulalongkorn University
Phatumwan Rd.. Phatumwan, Bangkok, Thailand
Phattara@chula.com, PornsiriMu@chula.ac.th

Abstract

Clustering analysis lias rare'y been studied as a
techniquefor object identification method, although it has
tong been broadly employed in data classification in a
wide ran?e ofresearch areas. In this paper, we propose a
reriew of clustering analysis method and a scheme for
appl}/_mg hierarchical clustering analysis to facilitate
identification of candidate objects in procedural source
code. The study shows that clustering analysis is able to
correctl¥ group functions to meaningful ‘clusters even
thou?h_uncnons_are written in an ‘interleaved order
Clustering analysis can work well with the modular case
and the tangled case without any additional support.

1. Introduction

Maintaining legacy software has become an important
subject in- software maintenance community since cost
and time spent s mcreas_mgz every year. Although the
maintenance task is complicated and costly, it is essential
to preserve the knowledge underlying in the software.
Because of ongoing modification, ~ legacy software
ypmally lacks ~of ~ consistent and “up to date
ocumentation. Considering abundant line of code is
obligatory, although it is tedious and time consuming. For
that reason, the high-level representation of legacy system
should be created at the beginning time to assist Software
comprehension.' Once all ‘major functionalities of the
system are well comprehended, the architecture of
software will be then adjusted to comply with modem
software paradigms, for instance the object-oriented
software paradigm, _that_prowdes benefit more,.

Object identification is a reverse-'engineering
technique that is largely used to assist the software
migration from procedural paradigm to object-oriented
paradigm. Liu and Wilde [1]  statéd “that object
dentification facilitates acquiring a precise knowledge of

-76%-1053-301 S17.000 2001 IEEE
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the data items in a program. Livadas and Johnson [2]
suggested that object identification reduces the
degradation of original design. Object identification
typically aims at flndm? match-up of legacy software
components: data structures, and functions, for later
buﬂdln? them as object-oriented classes, llowcvcrr large
application consists of numerous data structures and
functions, it needs a statistical method to facilitate
information classification. _

In this paFer_, we propose the scheme of applying
clustering analysis to facilitate identification of candidate
objects “in procedural source code. We use C
programming Implementation of stack and queue_that is
excerpted from FS with the purpose of comparing the
result of applying clustering analysis with the well-known
objectidentification method—thé concept analysis.

Section 2 of this paper ﬁresents some related works.
Section 3 introduces the theory of clustering analysis.
Section 4 describes the ﬁrocess of object identification.
Section 5 presents a scheme for identifying candidate
objects using hierarchical _cluster_mq analysis. Section 6
explains the result from hierarchical clusterin analrsw.
Section 7 describes how to build up candidate class.
Section 8 compares the application of clustering analysis
W|th|that of concept analysis. Finally, section 9 draws the
conclusion.

2. Related works

Clustering analysis has been studied and proposed in
many researches 1 , 9, 6, and 7]; however, most of them
did not specifically associate with object identification.
There is still a little amount of studies describing the case
of applyln? clustering analysis to facilitate identification
of candidate objects in procedural source code.

~Recently, concept analysis, one of the theories in the
field of artificial intelligence, has been broadly recognized
as a new techn_lqrue forobject identification method [3, 8,
9, and 10]. Siff and Reéps'[3] concluded that concept
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analysis offers the_PQSSIblllty to G0 beyond other analysis
methods because it is able ‘to handle” code that is more
lightly intertwined. Deursen and_Kuipcrs 110] compared
the application of concept analysis with thc-applicalion of
clustering analysis. 'ITic experiment on clusterm% analysis
was unsuccesstul, thus they declared that concept analysis
IS more suitable to object identification than clustering
analysis. One of the conclusions is that clustering analysis
does not show all possible groups of data dug to its
Frlnuple that does not allow an entity to appear in more
han one cluster. Nevertheless, Anquetil and Lethbridge
[11] Iater_sug%es_ted the possibility that such limitation
may has its utility because clustering analysis extracts
only the important groups of data from a domain set,
whereas conceé)t analysis extracts all Possmle concepts,
which may lead to the information overtlow.

3. Clustering analysis

Clustering analysis is a data exploratory method that
helps to reveal associations and structures of data in a
domain seL Its usage is appropriate when little or nothing
is known about the structure of data. Clustering analysis
consists of several issues as follow.

3.1 Input representation

Information used in cIusterin(t; analysis is usually
represented in two standard formats: pattern matrix and
proximity matrix.

* Pattern matrix represents a proPerty set of data
?scores Or measurements) in a table! Each row stards
or a set of properties (a pattern), whereas each
column denotes a score as shown in Table 1.

Table 1 Pattern matrix

Label Pattern
A 0O 1 1 o
B 1 1 1 O
c 0O 0 1 1

* Proximity matrix represents an index of association
(proximity) between pair of patterns. The index can be
either simHarity index or dissimilarity index and can
be computed by several ways, for _exam,ole. Simple
matching coefficient, Jaccard coefficient! Euc.'idean
distance, Manhattan distance (For more information
about the index computation, see [75). The format of
proximity matrix is shown in Table 2. Please remarks
on the meaning of i(B,C), it represents the association
index between pattern B and pattern ¢
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Table 2 Proximity matrix
B

A
A
c &8 PO -

3.2 Clustering algorithms

c

There arc several kinds of clusteri_ng algorithm. One
of them is hierarchical clustering algorithm; the kind that
IS empIoYed to the study as it provides the output that is
most related to the means of object identification.
Hierarchical clustering algorithms can be subsequently
divided into two types: agglomcralive. clusterlnﬁ
algorithm and  divisive clustering™ algorithm.  Bot]
algorithms_have the same steps but the step order is
reverse. Thus, only the steps of agglomcralive
hierarchical algorithm'is described, as follows:

Step L puteach patterns in an individual cluster.

Step 2: compute the similarity index of each couple of
clusters. o S

Step 3: look for the most similar couples of clusters in
the proximity matrix. o _

Step 4: join the most similar couples of clusters into
one cluster. _ o
_ SteB 5. use the updating rule to renew the similarity
index oetween the newly formed cluster and others (For
more information about the upda_tm? rule, sec (7]),

Step 6: repeat steps 3-5 until all clusters arc merged
together, and o

Step 7: assign the sequence of clusters merging into
dendogram.

33 Output representation

Output of clustering analysis can be represented in
various forms depending on the objective of data
classification. Output of hierarchical clustering analysis is
usually represented in a special type of a tree structure
called dendo?ram. Dendogram generally shows cluster
names, relafive distance  between merged clusters,
quuence of merging, and cutting line, as shown in Figure
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Figure 1 Dendogram
«define QUEUE_SIZE 10 int iSEmptyStack (struct stack’ )
struct stack { return ( ->sp == ->base);
int "'hase, 'sp, size; )
int iSEmptyQueue (struct queue’ q)
struct queue return ( |sEmp XStackq>front) &
ISEmptyStack(q->béck
struct stack 'front, "back; }
’ . void push (struct stack' | inti
struct stack" initstack (int sz) R )
I'no stack overﬂow check'/
struct stack" = (struct stack') '(->s
maIIoc@zets)g(structS stack)) A5
(mt)malloc(sz gsueo&(mt))) =l .
128 =Sz, void enQueue (struct queue’ g, inti)
return ; :
push(g->front, i);
struct queue initQ 0 .
Int pop (struct stack’ )
struct ueue tuctqueue
maIIoc |zeo structqu 621 ((|sEmptyStack( )) return -1,
front = |n|tStac% EUE SIZE
>back initStack(QUEUE_SIZ return(( >30));
eurn q ;
Figure 2 The modular case
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4, Object identification
4.1 Source code

With The aim to evaluate the efficiency of the
application of hierarchical clustering analysis to object
identification, we thus intended to use standard software
in the project. Unfortunately, the systems referred in
several publications are completely different.  For
example, Lindig and Snclting [8] referred to a Modula-2
p_roglram from a'student project, a FORTRAN Frogram for
airplane development, and "an accounting system written
in COBOL. Dcursen and Kuipers [10T] used a source code
from Mortgage, a COBOL system from the bank area.
Siff and Reps [3] emplqge a program_taken from a
computational geometlrzy library, and the implementation
of stack and queue. Eventually we decided to use the
implementation of stack and queue su?ge_sted by Siff and
Reps. Although the dpro_gram s relatively small and
simple, its source code is available for explaining the
computation. It help readers to easily understand the
whole process and the complicated algorithm,

The implementation of stack and queue is written in ¢
language. 1t consists of eight functions and two data
structure™, one for stack and another for queue. Functions
related to Slack and queue are written in an interleaved
order. With the aim to demonstrate the ability of concept
analysis to go beyond other decomposition” techniques,
Siff'and Reps divided the implementation to two eases:
the modular case and the tangled case.

* The modular case: All of queue functions indirectly
access the Slack data structure. They make use of the
fields by calling stack functions, thus keeps the
implementation modular, as shown in Figure 2. :

~+The tan_g_led case: The implementation of queue is
slightly moditied, two queue functions, '|sEmpt¥Q’ and
‘enQ’, are intentionally written to directly access the field
of stack data structure, as shown in Figure 3.

int isETptyQueve (struct queue* )
qu%%gﬁ%fm
void enQUeLB(SITuCt QLELE ) int )

}

Figure 3. The tangled case

4.2 Process

The process of object identification typically consists
of four steps as follow:

Step L extract important le acr software components
from source code, as shown in Table 3

Table 3. Extracted components

Soitware Conponert
dFuddack . T

sruct
slnn%?m_stad(lntsz)
srud I

int isETpyStack(Sudt Sk )

int i (sruct

VO Struct Stadk* g int i

int pop(struct stadk* )q,

int deQ(struct queLer )
Step 2: define the interested relation between data part

and operation part. In this paper, the relation definition
from FS] I re-applied, as shown in Table 4,

Table 4. The relation definitions

Definition
Retuntype is struct stack
Retumtypeis struct queue

struct quele
Usefidd of strudt stack
Usefield of struct queve

g

HAREIAE

Step 3: find whether a function has relation to data
structure or not, and then represent it in the property table,
as shown in Table 5 and Table 6,

Table 5. Properties of the modular case

- FOR R BR RS
iniStack X X
%gm Xx xx
isEyQ X X
g% XXXX
X X
& X X



Table 6. Properties ot the tangled case

. R RRRBRMPB
initstack x

&Rﬂy&ad( Xx xX
e x§x

X
i2o X X
Step 4: group functions based on their similarities,
connect |m?ortant groups of functions to associated data

structures for building them as meaningful candidate
classes.

5. Hierarchical clustering analysis
application

~Hierarchical clustermg anaI?{ms_ i£ applied to object
identification as a method for |nd|n% groups of related
functions. It clusters functions together based on the
similarity of patterns. When associating significant
clusters to related data structures, these associations will
become candidates for building object-oriented classes.
The steps of applying hierarchical Clustering analysis to
object Identmcation are concluded below:

Step 1 construct a pattern matrix from a property
table by representing the presence of relation with ‘r,
while representmg8 e absence with 'O, as shown in
Table 7 and Table 8,

initstack

ash 4 20 0o
a0 20 14 20

4 20 00
8B w0 14 20

no

Table 7. Pattern matrix of the modular case

initstack 10 00 1 O
Saweak 0 0 10 1 0
|
iSEyQ 0 00 10 1
A R
0 01 0 10
o) 000 10 1
Table 8. Pattern matrix of the tangled case
initstack 10 0 0 1 O
Gveak 0 0 9 0 10
ISEyQ 0 001 11
TR
P 0 01 010
DQ 0O 0 01 0 1
Step 2. generate a proximity matrix by using

Kuclidcan-distancc method,

Where ;

d(i.k)= o XKl 2
J-

| represents thej-ordcred attribute of pattern i,
Xl represents the J-ordcred attribute of pattern k, and
t represents the total attribute of pattern.
The results arc shown in Table 9 and Table 10.

Table 9. The first proximity matrix of the modular case
« ';-1Ve intstack intQ isEhpySak isEpyQ psh eQ pp dQ

0
200
000]
200
0[00)

0

20 0

00 200 a
200 00 200 O

Table 10. The first proximity matrix of the tangled case

initstack 10.i
initQ 200" 0
SEpySack 14 200 0

SETHQ

pLEN 14 200 0
5

Q
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intstack  NntQ  isEpySack ISETYQ psh eQ pp  deQ

0
13 0
00 173 -0 >

200 10 20 O
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Table 11. The second proximity matrix of the modular case

o initstack initQ Cl C2
initstack 0
InitQ 2.00 0
Cl 141 2.00 0
C2 2.00 141 2.00 0
Table 12. The second proximity matrix of the tangled case
SJA 't initstack initQ Cl C2 deQ
ini’Stack 02?
initQ 2.00 -0
Cl 141 2.00 0
C2 1.73 173 13 0
deQ 2.00 140 200 100 0
_ Step 3: classify functions bP/ using agﬁlome[alivc Table 15. The third proximity matrix of the
hierarchical clustering algorithm gook for the feast distant tangled case
cougle of clusters, then add them together). . N
~ Step 4: update the index of proximity by using single- 47 initstack initQ ci~" C3
linkage rule "r s (0 m;%tack 2%0 0
s((k).(1, )] = min{s[(k),()],s[(k), :
o SR D= mings. D (K ) I 00
dS[Fk)i(i)l' represents the similarity between cluster k 3 L73 4130
and cluster i, o _
sI(k),(j)] represents the similarity between cluster k Table 16 The fourth proximity matrix uf the
and cluster, and o tangled case
[( ),(|,J%|] represents the similarity between cluster k
and enewk/formed cluster |, g) _ o C5
The results are shown in Table 11 and Table 12, G4 0
t Sﬁ]ep 5: r%peat s_tepT 3b1 ur11§|lla}ll cltéster are merged Co o+ L73 0
OOEINET a5 Shown I able 2-21, &n Table 17. The fifth Proximity matrix of the
Table 13. The third proximity matrix of the tangled case
modular case Ch
C3 %3 'l » ¥ :
Cd 200" 0 Step 6: select significant clusters from dendogram to
make candidate classes.
Table 14. The fourth proximity matrix of the
modular case
Ch
C5 [0
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6. Result explanation

6.1 The modular case

112

C3 5 C4
200 T \ [ l“/
141 1 1
C1 Cc2
initStack push isEmptyQ deQ
isEmptyStack pop enQ initQ

Figure 4. bencogram of the modular case

_Lf the dendogram in Figure 4 is approxmate_y cut at
height between "1.41 and 2.00, functions arc divided into
two chunks, represented by cluster C3 and cluster C4.
Cluster C3 holds all functions that are related to the stack
model; whereas cluster C4 contains functions that are
associated to the queue model. Both clusters will be then
associated to related data structures—struct ‘slack’ and
struct ‘queue’, to form candidate classes. Next, look
inside cluster C3 that holds two small clusters inside. One

6.2 The tangled ease

cluster is the individual cluster ‘initStack’ and the other is
cluster CI, which is made up from three_individual
clusters— ‘IsEmptySlack’, ‘push’, and ‘pop’. IFeandidate
class Slack is made from cluster C3, function ‘initStack’
may be assigned to constructor, where ‘isEmptyStack’,
‘push’, and “pop’, which are all the same group, may be
applied to member methods.

c4 C6 Ccs
200 T \[ C3]/
1.4, 5 X
1.00 T C1 Co
initStack push isEmptyQ deQ
isEmptyStack pop enQ initQ

Figure 5. Dendogram of the tangled case

The formation of cluster C4 is as same as the modular
case since the patterns of ‘initStack’, ‘isEmptyStack’,
‘push’, and ‘pop” are unchanged. In contrast” to the
formation of cluster C5, ‘|sEmpty?’ and ‘enQ’ have been
modified to_d|rectl?/ access Slack field. As a result, these
queue functions hold the stack related property incorrectly
and have relative distant to the neighbor, ‘deQ”.
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Nevertheless, hierarchical clustering analysis is not
confusing; eventually ‘isEmptyQ’, “enQ’, “‘deQ’, and
‘inilQ’ are grouped into one cluster that harmonizes with
queue model—cluster C5.



7. Building candidate classes

_ Stack

It ""hase

Int *sp
Int size
stryct stack™ inifStack{int sz

Int ISEmptyStack(struct stack* )
void push étruct stack* , inti)
Int pop(struct stack* )

Figure 6. Candidate class stack

Although several steps of object identification can be
automated, step of building candidal™* class is done
manually. Human intelligence is required to select
clusters and build ug_meanlngful classes. According to the
modular case, matching of struct "stacks’ and cluster C3 is
one option for building up a candidate class. Pair of struct
‘stack" and cluster C6'is possible but it is lesser semantic.
The first choice is thus selected, The candidate class is
named as Stack and shown in Figure 6. In case of class

ueue, the process is identical and the candidate class is
shown in Figure 7.

8. Comparing results with concept analysis

Siff and Reps [3] applied concept analysis to ¢
programming implementation of stack and queue. In the
modular case, the output from concept analysis is similar
to the output from hierarchical clustering analysis; there
are two concepts conformln? to slack model and queue
model. However, there is difference in the tangled case.
Concept analysis could not construct any concept related
to the stack model. Notice concept C7 in Table 18. This
concept collects slack functions such as initStack,
ISEmptyStack, push, and pop; however, it holds queue
functions such as |sEmpty(§J and enQ as well. To solve the
problem, Siff and Reps fiad to add attribute with negative
Information such as “docs not use fields of struct queue”
to the property domain.

Queue

Nt "Dase

Int *sp

Int size

stack “front

s%ackt*back

struct queug™ it
|nt_|sErqn tyQ (struct queue* q)
void en gstruct stack mt%
Int deQ(Struct queue* q

Figure 7. Candidate class Queue
9. Conclusions

~In this paper, we have proposed a scheme for a pIy_ln%
hierarchical clustering analysis to the context of objec
identification. We ~ havé wused ¢ programming
|mplementat|on of stack and queue as a case study
Although the case is relatively small and simple, it is
appropriate for describing the complicated computation.
Hierarchical clustermﬁ analysis is applied to object
identification as a method for grou?lng related functions.
It clusters functions based on he_5|m|Iar|t?/. When
associating significant ?roups of functions to related data
structures, the associations will become candidates for
building objcci-orieny_u classes. Hierarchical cluster
anaIst works well i both the modular case and the
tangled case, for this reason, it can be concluded that
hicrafchical  clustering anal){sls IS an_effective
classification technique for applying to identification of
candidate object in procedural source code.

>

Table 18. Concepts of the tangled case from [3]
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