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LAMPIRAN
Lampiran 1

pomegranate

numpy np

pandas pd

seaborn sns

matplotlib.pyplot plt

itertools
sklearn.preprocessing LabelEncoder
sklearn.ensemble RandomForestClassifier
sklearn.metrics classification _report, confusion _matrix
sklearn.model_selection train_test_split

pygraphviz

networkx nx

df = pd.read_csv('mushrooms.csv")

#Eksplorasi data

df.head()
col df.columns:
(col, , df[col].unique())
df.info()

list_count -~ []
column df.drop([ 1, ):
list count [df.groupby([ , column]).size()]

# multilevel frequency
pd.concat([pd.concat([pd.DataFrame(list_count[i])], [list_count[i].i
ndex.names[1]], [ D i ( (list_count))])
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fig - plt.figure( (25,25))

i
col df:
ax2 - fig.add_subplot(>,?,1)
g - sns.countplot(+ col, s df) # pass axl
i
i :
fig -~ plt.figure( (25,25))
i

plt.tight_layout()

#preprocessing
df - df.drop( , )
labelencoder LabelEncoder()

col df:
df[col] - labelencoder.fit_transform(df[col])

col df.columns:
(col, , df[col].unique())

#pembagian data

X  df
y — df.pop( )

#Data Training 80% data testing 20%

test_size

X_train, X_test, y_train, y_test - train_test_split(X, vy,
est_size)

df _train - pd.concat([X_train, y train], )

df_train.info()
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#pembuatan tree dengan algoritma Chow-Liu beserta model Bayesian Network

model - BayesianNetwork.from_samples(pd.concat([X_train, y train], )
P )
node
t model.structure:
(t)
( , hode, )
( » node, > e
node

#legend dari graf
pd.concat([X_train, y_train], ).info()

#mutual informasi
def P( s ):
(df_train.loc[df_train[col] -val] ) (df_train)
def ( , , , ):
(df_train.loc[(df_train[coll] -vall) (df_train[col2] val
2)1) (df_train)

mi - {}

cols itertools.combinations with replacement(df train.columns,

coll - cols[7]
col2 - cols[1]
(coll col2):

mii
vall df_train[coll].unique():
val2 df train[col2].unique():
mii - P_(vall,val2,coll,col2)  np.log((P_(vall,val2,coll
,col2) (P(vall,coll) P(val2,col2))) + np.finfo( ).eps )
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#tmutual informasi

mi[coll col2] mii
#P(vall, val2) log (p(vall, val2) / P(vall)P(val2))

mutual_information - pd.DataFrame([{k: v k, v (mi.items(
), lambda : item[1], True)}]).T

mutual_information.columns- [ ]

mutual_information - np.trunc( mutual_information)
mutual_ information.to_excel( )
edges [1]
node

t model.structure:

(t)
edges [[t[?], node]]
node

#CPT (disimpan dalam folder)
pair edges:
coll - df_train.columns[pair[1]]
col2 - df_train.columns[pair[©]]
cpt ~ pd.concat(
[pd.concat(

[pd.DataFrame([], df train[coll].unique(), df t
rain[col2].unique())],
[coll]
)-T1,
[col2]
). T
1]
row cpt.index:
11 - []
col cpt.columns:
11 [P_(row[1], col[1], row[®], col[®]) ~ P(col[1], col[®])]
1 [11]
cpt pd.DataFrame(1l, cpt.index, cpt.columns)
cpt - np.trunc( cpt)
cpt.to_excel( coll col2 )
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#evaluasi training
pred - model.predict(pd.concat([X train.reset_index().drop([ 1,
), pd.Series(np.full(y_train.shape, None))], ).values.tolist())
y_pred - pd.DataFrame(pred)[”1]
(classification_report(y_train, y pred))
(confusion_matrix(y_train, y pred))

#evaluasi testing
pred - model.predict(pd.concat([X test.reset_index().drop([ 1,
), pd.Series(np.full(y_test.shape, None))], ).values.tolist())
y_pred - pd.DataFrame(pred)[”1]
(classification_report(y_test, y pred))
(confusion _matrix(y_test, y pred))

#buat Bayesian Network menggunkan 4 variabel yang berpengaruh
new df - pd.concat([df[[ s ,

) 11, y1, )

new X - new_df
new_y - new_df.pop( )

X_train2, X test2, y_train2, y_test2 - train_test_split(new_X, new_y,
)

pd.concat([X_train2, y_train2], ).info()

model2 - BayesianNetwork.from_samples(pd.concat([X_train2, y train2],

)s )

#evaluasi tranining2

pred - model2.predict(pd.concat([X_train2.reset_index().drop([ 1,
), pd.Series(np.full(y_train2.shape, None))], ).values.tolist())
y_pred - pd.DataFrame(pred)[“]
(classification_report(y_train2, y pred))
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#evaluasi testing 2
pred - model2.predict(pd.concat([X test2.reset_index().drop([

1,

), pd.Series(np.full(y_test2.shape, None))], ).values.tolist())

y_pred - pd.DataFrame(pred)[“]
(classification_report(y_test2, y pred))

Lampiran 2
variable class value count
e b 404
f 1596
k 228
S 32
X 1948
Cap-Shape . . 18
c 4
f 1556
k 600
X 1708
e f 1560
S 1144
y 1504
Cap-Surface p f 760
g 4
S 1412
y 1740
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variable

class

value

count

Cap-Color

48

32

624

1032

5

1264

56

-~

16

e

16

720

400

ol <| =

120

(@]

12

876

808

1020

88

320

672

Bruises

1456

2752

3292

624

Odor

400

400

3408

192

2160

36
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variable

class

value

count

120

©

256

(72}

576

576

Gill-Attachment

192

- | <

4016

[<})

18

3898

Gill-Spacing

3008

1200

3804

112

Gill-Size

3920

288

1692

2224

Gill-Color

96

248

204

x| O «Q

344

>

936

64

852

cC| o

444

956

64

1728

Q| o/l <| =

504
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variable

class

value

count

528

64

112

640

24

48

246

22

Stalk-Shape

1616

2592

1900

2016

Stalk-Root

720

1920

512

864

192

1760

1856

44

256

Stalk-Surface-Above-
Ring

408

AN| =h| D

144

wn

3640

16

144

x| =<

2228

1536

62



variable

class

value

count

Stalk-Surface-Below-
Ring

456

144

3400

208

144

2160

1536

76

Stalk-Color-Above-Ring

@D

96

576

=R (o]

16

192

576

2752

o| S| ©| ©

432

36

>

432

1296

1712

Stalk-Color-Below-Ring

ol<| S|

96

576

S| «Q

64

192

576

2704

o| S| ©| ©

432
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variable

class

value

count

36

448

1296

1680

24

Veil-Type

4208

3916

Veil-Color

S| oo <| 2| ©

96

o

96

4016

3908

Ring-Number

ol <| 2|t

3680

528

36

3808

72

Ring-Type

1008

48

©

3152

D

1768

1296

>

36

816

Spore-Print-Color

48

48

x| T|] T| ©

1648

1744
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variable

class

count

48

48

576

48

1584

224

224

72

1812

Population

384

288

400

880

1192

1064

0K <

52

(72}

368

2848

648

Habitat

1880

1408

- ol K| <

240

256

136

c| | 3

96

192

1268

Q| ol =S

740
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variable class value count
I 592
m 36
p 1008
u 272
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Lampiran 3
Conditional Probability Table (CPT) dari data asli

P(node Cap-surface) | node Stalk-root)

Stalk-root

b e C r ?

f| 0444 0.43 0 0| 0.065

Cap-surface s| 0.132 0.451 0493 |0| 0.519

y| 0421 0.118 0.506 1| 0414

0 0 0 0 0

P(node Cap-color | node Odor)
Odor
n c p | a S f y m
e | 0.173 0 0 0 0 0.502 0.132 0.507 | 0.357
w | 0.126 0.341 |0.482 | 0.391 | 0.395 0 0.047 0 0
g| 0294 | 0.323 0 0 0 0 0.344 0 0
n| 0.34 0 0.517 | 0.105 | 0.107 | 0.497 0.127 0.492 | 0.321
Cap- |y | 0.007 0 0 | 0503 | 0.496 0 0.301 0 0
color p | 0.019 0.335 0 0 0 0 0 0 0
b | 0.018 0 0 0 0 0 0.045 0 0
u | 0.004 0 0 0 0 0 0 0 0
c | 0.009 0 0 0 0 0 0 0 0.321
r | 0.004 0 0 0 0 0 0 0 0
P(node Bruises | node Ring-type)
Ring-type

p e I | f | n

Bruises t 0.798 0.065 0[0]0

f 0.201 0.934 1111
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P(node Odor | node Spore-print-color)

Spore-print-color
n k u w y h r b 0
n 0.677 0.7 0 0259 | 100291 1 1
c | 0.049 0.058 0 0 0| 0 |0 0 0
p 0.07 0.06 0 0 0 0 0 0 0
I 0.102 0.088 0.463 0 0| 0 |0 0 0
Odor | a | 0.098 0.091 0.536 0 0| 0 |0 0 0
S 0 0 0 0247 |0 0 0 0 0
f 0 0 0 0235 [ 0| 097 |0 0 0
y 0 0 0 0242 |0 0 |O 0 0
m 0 0 0 0014 |0 0 0 0 0
P(node Gill-attachment | node Stalk-color-above-ring)
Stalk-color-above-ring
p w g 0 n b e c
Gill-attachment Tt ; ° : ' Loss] 1
al| 0 0 1 0 0 0 | 0.464 0
P(node Gill-Spacing | node Population)
Population
v S y a c n
Gillspacing c 0949 10533 | 1 0 0.953 | 0.643
w| 005 |0466| O 1 0.046 | 0.356
P(node 7 (Gill-size) |[node 8 (Gill-Color))
Gill-color
u p g n k w h b lo| e y
o b|0.863 | 0.881 | 0.895|0.835|0.798 | 0.819 0985 | 0 |1 0.97
Gill-size n|0.136 | 0.118 | 0.104 | 0.164 | 0.201 | 0.18 |0.014| 1 | O 0.029
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P(node Gill-Color | node Spore-Print-Color)

Spore-print-color

n k u w y h r b 0
u| 0121 |0.138| O 0 0O |0008| O 0 0
p | 0215 |0.219 | 0.365 | 0.038 0 0.323 0 0 0
g | 0.051 |0.051 0 0.039 0 0.266 | 0.276 0 0
n| 0259 (0255|0317 | 0 (0394 | O 0 0.343 | 0.282
k | 0.109 |0.106 0 0 0 0 0 0 0
Gill- w | 0.176 |0.174 | 0.317 | 0.149 0 0.064 | 0.34 0 0
color h| 005 [0052| O 0 0 |0337| O 0 0
b 0 0 0 0.725 0 0 0 0 0
o | 0.007 0 0 0 (0263 0 0 0.406 | 0.333
e 0 0 0 (0037 O 0 0 0 0
y | 0.008 0 0 0.009 | 0.342 0 0 0.25 0.384
0 0 0 0 0 0 |0.382 0 0
P(node Stalk-shape | node Gill-color)
Gill-color
u p g n k w h b e |y
Stalk-shape t] 0863 | 0518 | 0 |0.627 | 0.483 | 0.45 | 0.398 1 0|0
e| 0136 | 0481 |1 |0.372| 0.516 | 0.549 | 0.601 0 1|1
P(node Stalk-root | node Cap-shape)
Cap-shape
f X b k s| ¢
b 0.562 0.53 0.081 0.03 0 | 0.666
e 0.178 0.148 0 0 1 0
Stalk-root | c | 0.004 0.071 0.587 0.016 |0 0.333
r 0.027 0.025 0 0 0 0
? 0.226 0.224 0.331 0.952 0 0




P(node Stalk-surface-above-ring | node Ring-type)

Ring-type
p e I | f|n
S 0.922 0.528 0|1/0
Stalk-surface-above- | f 0.038 0.151 0[0|O0
ring k 0.034 0.317 1101
y 0.004 0.002 0|00
P(node Stalk-surface-below-ring | node Ring-type)
Ring-type
p e Il | f|n
S 0.874 0.527 0100
Stalk-surface-below- |y 0.049 0.015 0101
ring f 0.038 0.146 0|10
k 0.037 0.31 1{0]0
P(node Stalk-color-above-ring | node Ring-type))
ring-type

p e I fln

p 0.145 0.313 0.322 00

w 0.656 0.652 0 1/0

g 0.147 0 0 00

Stalk-color-above- ° 004 ° ° °°

) n 0.004 0 0.327 0|0

o b 0 0 0.349 00

e 0 0.032 0 0|0

c 0 0 0 0|1

y 0 0.002 0 00
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P(node Stalk-color-below-ring) | node Stalk-color-above-ring)

Stalk-color-above-ring

p w g 0 n b e cly
g | 0.108 | 0.043 | 0.32 0 0 0 0 00
w| 0.336 | 0.784 | 0.344 0 0 0 0486 |00
p| 0404 | 0.142 | 0.335 0 0.32 0.327 0 00
Stalk-color- ° ° ° ° ; ° ° ° °1°
below-ring b | 0.073 0 0 0 0.322 |0.325 0 0|0
n| 0.076 | 0.015 0 0 0.356 | 0.347 0 00
c 0 0 0 0 0 0 0 1|0
y 0 0.003 0 0 0 0 0 0|1
0 0.01 0 0 0 0 0513 |00
P(node Veil-color | node Stalk-color-above-ring)
Stalk-color-above-ring
p w g 0 n b e c y
w 1 1 1 0 1 1 1 1 0
Veil-color 0 0 0 0 0.472 0 0 0 0 0
n 0 0 0 0.527 0 0 0 0 0
y| O 0 0 0 0 0 0 0 1
P(node Ring-number |node Gill-color)
Gill-color
u p g n | k w h|b|o]|e y r
o| 1 0.938 0.85 1710761 1|1|1)]0/]0764|0
Ring-number |t | O 0.061 0149 | 0 | 0 |0225 |0 | 0O | O |1 0 1
ni 0 0 0 0] 00012 00| 0] 00230
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P(node Ring-Type | node Spore-Print-Color)

Spore-print-color

72

n k u w y h ribjo
p 0.8 0.789 1 0.144 1101791 |11
e| 0.199 0.21 0 0.841 0 0 0/01|0
Ring-type | | 0 0 0 0 o[o791/oo0]0
f 0 0 0 0 000290010
n 0 0 0 0.014 0 0 0/01|0
P(node Spore-Print-Color | node Stalk-Root)
Stalk-root
b e C r ?
0.259 0.509 0.472 0.482 0.018
k | 0.262 0.49 0.45 0.517 0
u| 0.013 0 0 0 0
w | 0.027 0 0.076 0 0.906
Spore-print-
color y 0 0 0 0 0.019
h| 042 0 0 0 0.019
r | 0.015 0 0 0 0
b 0 0 0 0 0.016
0 0 0 0 0 0.019
P(node Population) | node Stalk-root)
Stalk-root
b e C r ?
v | 0.523 0.147 0 0 0.761
s | 0.066 0.463 0.457 0.517 0.059
Population |y | 0.408 | 0.045 0 0.482 0.01
a 0 0.344 0 0 0
c | 0.001 0 0.076 0 0.11




n 0 0 0.466 0 0.057
P(node Habitat) |node Stalk-root)
Stalk-root
b e C r ?
d | 0.652 0 0.063 0 0.271
u | 0.038 | 0.188 0 0 0
m | 0.007 0 0.463 0 0
Habitat g | 0.161 0.811 0.459 0.51 0.117
p | 0.124 0 0 0.489 0.227
w 0 0 0 0 0.074
I | 0.015 0 0.013 0 0.309
P(node Class | node Odor)
Odor
n c p I y
Class e 0.969 0 0 1 0
p 0.03 1 1 0 1
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Lampiran 4

Tabel Mutual Informasi

No Pasangan variabel acak value

1 odor , spore-print-color 0.663
2 gill-color , spore-print-color 0.658
3 odor , class 0.632
4 odor , gill-color 0.607
5 stalk-root , spore-print-color 0.605
6 odor , stalk-root 0.58
7 gill-color , stalk-root 0.562
8 ring-type , spore-print-color 0.561
9 gill-color , ring-type 0.539
10 odor , ring-type 0.524
11 stalk-root , population 0.48
12 stalk-root , habitat 0.47
13 stalk-root , ring-type 0.451
14 population , habitat 0.449
15 stalk-color-above-ring , stalk-color-below-ring 0.445
16 gill-color , habitat 0.442
17 stalk-color-above-ring , ring-type 0.412
18 cap-color , odor 0.401
19 stalk-color-below-ring , ring-type 0.396
20 cap-color , gill-color 0.379
21 stalk-color-above-ring , spore-print-color 0.376
22 stalk-color-below-ring , spore-print-color 0.368
23 odor , stalk-color-above-ring 0.362
24 stalk-surface-below-ring , ring-type 0.359
25 gill-color , population 0.353
26 odor , stalk-color-below-ring 0.35
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No Pasangan variabel acak value

27 bruises , ring-type 0.349
28 gill-color , stalk-color-above-ring 0.349
29 odor , stalk-surface-below-ring 0.348
30 odor , habitat 0.346
31 gill-color , stalk-color-below-ring 0.344
32 stalk-surface-above-ring , ring-type 0.341
33 stalk-surface-below-ring , spore-print-color 0.34
34 gill-size , gill-color 0.338
35 spore-print-color , class 0.33
36 stalk-surface-above-ring , spore-print-color 0.33
37 cap-color , spore-print-color 0.329
38 odor , gill-size 0.322
39 cap-color , habitat 0.322
40 odor , population 0.319
41 cap-color , stalk-root 0.319
42 stalk-color-below-ring , population 0.309
43 stalk-root , stalk-color-below-ring 0.308
44 stalk-root , stalk-color-above-ring 0.306
45 stalk-color-above-ring , population 0.305
46 stalk-color-below-ring , habitat 0.303
47 stalk-color-above-ring , habitat 0.303
48 spore-print-color , habitat 0.298
49 cap-color , ring-type 0.297
50 odor , stalk-surface-above-ring 0.297
51 stalk-surface-above-ring , stalk-surface-below-ring 0.291
52 gill-color , class 0.287
53 stalk-surface-below-ring , stalk-color-above-ring 0.286
54 bruises , odor 0.275
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No Pasangan variabel acak value

55 cap-color , stalk-color-below-ring 0.275
56 stalk-surface-below-ring , stalk-color-below-ring 0.274
57 cap-color , stalk-color-above-ring 0.272
58 stalk-surface-above-ring , stalk-color-above-ring 0.269
59 bruises , gill-color 0.257
60 gill-color , stalk-surface-below-ring 0.257
61 stalk-surface-above-ring , stalk-color-below-ring 0.256
62 ring-type , population 0.256
63 gill-color , stalk-shape 0.248
64 stalk-shape , ring-type 0.236
65 cap-color , population 0.236
66 spore-print-color , population 0.234
67 gill-size , spore-print-color 0.228
68 gill-color , stalk-surface-above-ring 0.225
69 stalk-root , stalk-surface-below-ring 0.219
70 ring-type , class 0.217
71 cap-color , stalk-shape 0.213
72 bruises , stalk-surface-above-ring 0.212
73 ring-type , habitat 0.21
74 odor , stalk-shape 0.209
75 cap-shape , stalk-root 0.208
76 bruises , stalk-surface-below-ring 0.207
77 gill-size , stalk-root 0.205
78 bruises , spore-print-color 0.203
79 gill-spacing , population 0.202
80 stalk-surface-above-ring , class 0.197
81 stalk-shape , stalk-color-below-ring 0.195
82 bruises , stalk-root 0.187
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cap-surface , stalk-root 0.174

7



118 stalk-color-above-ring , veil-color 0.114

123 gill-attachment , stalk-color-below-ring 0.111

125 gill-color , ring-number 0.111
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81



No

Conditional Probability Table (CPT) dari data contoh

P(node A | node B)

Pasangan variabel acak

Lampiran 5

a
A

0.8

0.333

b

0.2

0.666

P(node B | node A)

b

0.8

0.333

0.2

0.666

P(node B | node C)

0.25

0.75

value

82



P(node C | node B)

B
b
c a 0.2 1
b 0.8 0
P(node C | node D)
D
p
c a 0.8
b 0.2 1
P(node D | node C)
C
b
p 0.25
P e 0.75
Lampiran 6
Nama variabel Anggota Variabel dalam Anggota Variabel dalam
Huruf Angka
CIaSS (p”’e’ 51”303
Cap_shape ‘X”,b”’s”,,f"”k,”c, ‘5”’07”4’,72”,,3,,,71,

Cap-surface

LS,’ Gy” Cf’, Cg’

62” 63” 60,’ Gl’

Cap_color Gn,, Ly’, ‘W’, ‘g?’ Ce” Gp,’ 44” ‘9?’ 48” 63” ‘2?’ 45” 60”
‘b” 5u7, ‘C” 6r7 47,, ‘1” 563
Bruises ‘7, f ¢ ‘1,0 ¢
Odor ‘p” Ga” 41” Cn’, Lf C’ 46’, 60), ‘3” 65’, 62 C’ 61’,98”
‘C,,,y’, ‘S” ‘m7 ‘7,’ 645
Gill-attachment ‘f°,°a’ ‘0,1
Gill-spacing ‘¢, W’ ‘0,1

83



Nama variabel

Anggota Variabel dalam
Huruf

Anggota Variabel dalam
Angka

Gill-size

‘n,, Cb’

‘1,’ CO,

Gill-color

¢ % ¢ 2

(1,9 €0 ¢ 378
kanagapawoha

€..Y ¢ % (1Y €LY 6% ¢,
u’, ‘e’, ‘b’ ‘r’, ‘y’, ‘o

64” GS’, 62” ‘7” GlO’, 63)’ 69”
‘17’ ‘0” ‘8’, ‘117’ ‘6,

Stalk-shape

‘0’, 619

Stalk-root

Ge’, ‘C” Gb” ‘r’, 6?’

43’, (2,’ 41” 64’, (O,

Stalk-surface-

above-ring

C Y (L e 1,0 .,
s’ “f¢, k%, fy

‘2” ‘O 6’ 617, 63’

Stalk- surface-

below-ring

€Y (L e Y €1,
s, Sy, ‘k

62’, 60 C’ 63’, 61’

Stalk-color-above-

ring

Cixr? acacaab’ca
Woogapana , €,

3 EE I A

0, ¢,y

< 2 2999 LY A ¢ 2 6N L
7 59 3 b 6 9 4 9 0 b 2 9 5 9
61’, 68)

Stalk-color-below-

ring

‘,""‘b,‘,‘,
Wap:go , 7, €,

3 2 0 ¢

Yy, 0,¢€

47’, ‘69, f.37’ GO’, ‘4,’ (27’ 48”
65’, 61)

Veil-color

423, ‘O (, ‘1,’ (3,

Ring-number

Gl’, ‘2” ‘0,

Ring-type

3

9 ¢ % ¢10 L6 e
p’, e, I, fY n

649’ 60” 62” 61 6’ 63’

Spore-print-color

[P

Gk” ‘n?, Cu” Gh” ‘W,, r ,

409’ Gy7’ Cb’

42” ‘3?’ 46’, 61” 67?’ 45’, 64”
587, ‘07

population

(] 3 2 [P [3 b 3 2 [P

S,n’a’v’y,C

625, ‘3” ‘0,, 645, ‘5” ‘1,

Habitat

3 A P 1 b

[ LR RS}
uagamadapawa

‘1’

(5’, 61” 63” CO’, 64” 66” 62’




