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conda install -c ankurankan pgmpy
17
pip install pgmpy

RIFPER

1EREMBPLEE (FE) PR, XEFEERFTTEHMDERZENTE, SREETURNS 5252 ESEIRDARE.
2HBEMBENS () BURNEZETRZEARRMXAR. HEBERENEDY. XERALEEERSSHBR TFLRIT, ALEHKEENS
MAERZES ., WHETRERNSEENREMSEMRXE, SEMEMESERNMEN (IS ZEARMEE) , RIREERXEK, B2SETE
R E R SIEE SRR BRI,

3B ESA EROSRMER, MEN—H, SHRETHERFIME (50)  TUBIHEENFS (MSLFEY) , RERIET.
THEA—MEEMEEAFIRTNAFApgmpy BT MHHIRI&EER

FIERRHIBEEERNE

ref:https://www.jianshu.com/p/9b6ee1fb7a60

https://www.kaggle.com/c/titanic

XZkaggleZHERE, FRRIUSHEFRBIIGETAISREHENEEERHTEE, HMERRERUNTETRREEESEE. TEHEL
PITAIE, XN EURERIRMR, $RERK, RESMANMETNEZ RARENM, BalRFNERSERENIZE80+% (BAZ PEAEEM

Passengerld => 3EZ=ID

Pclass => ZAEELR(1/2/35R10)

Name => sREHZ

Sex => 3|

Age => TS

SibSp => LEERiakE/ BeiEEk

Parch => RB#/FLE

Ticket => MLERS

Fare => RZEM1E

Cabin => =65

Embarked => BAE#EO

EFFHREEZ AT, SoBHT TSR, QMERIASURSENRINS., XERImGEFEERMAttps://www jianshu.com/p/9b6eel1fb7a608975i% (ftBEZF
HUERURISRER—F) . RAEMRNES, #—2HT7 —YEEEE, UEEUERSNITATRESRIZEK (WMHREHESIHES T EMME
B, SEINEE, BeiFANEL) | REREB5SIMHIE.

1
2 | PassengerId => F‘EID
3 | Pclass => HMAEH(1/2/3%H0010)
4 | Name => RFEU4
5 | sex => J] i#bEimale=1 female=0
6 | Age => Y HthE0,1,2 RF 4 (0-15) A (15-55) F4E (55-)
7 | SibSp => SaSUlikE/ s AL
8 | Parch => ACREEL/ T4l
9 | Ticket => fiZEgHS
10 | Fare => MiZEMIE 4HAe 1 2 RED £ RE
11 | Cabin => HfS JHUERA TCULIN, JERIA AL RS
12 | Embarked => BN iikna, 1S
13
14  # combine train and test set.
15 | train=pd.read_csv('./train.csv")
16 | test=pd.read_csv('./test.csv"')
17 | full=pd.concat([train,test],ignore_index=True)
18 | full[ 'Embarked'].fillna('S"',inplace=True)
19 | full.Fare.fillna(full[full.Pclass==3]["'Fare'].median(),inplace=True)
20 | full.loc[full.Cabin.notnull(), 'Cabin']=1
21 | full.loc[full.Cabin.isnull(), 'Cabin']=0
22 | full.loc[full['Sex']=="male', 'Sex"']=1
23 | full.loc[full['Sex']=="female', 'Sex']=0
24
25 | full['Title']=full['Name'].apply(lambda x: x.split(',"')[1].split('."')[0].strip())
26 | nn={'Capt':'Rareman', 'Col':'Rareman','Don':'Rareman’, 'Dona’':'Rarewoman’,
27 ‘Dr':'Rareman’, 'Jonkheer':'Rareman’, 'Lady':'Rarewoman', 'Major':'Rareman’,
28 'Master':'Master', 'Miss':'Miss', 'M1lle': 'Rarewoman’, 'Mme': 'Rarewoman’,
29 ‘Mp':'Mr','Mrs':'Mrs', 'Ms':'Rarewoman', 'Rev':'Mr', " 'Sir':'Rareman’,
30 'the Countess':'Rarewoman'}

31 | full.Title=full.Title.map(nn)
32 | # assign the female 'Dr' to 'Rarewoman’
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full.loc[full.PassengerId==797, 'Title']="Rarewoman’
full.Age.fillna(999,inplace=True)
def girl(aa):
if (aa.Age!=999)&(aa.Title=="Miss')&(aa.Age<=14):
return 'Girl'
elif (aa.Age==999)&(aa.Title=='Miss')&(aa.Parch!=0):
return 'Girl'
else:

return aa.Title

full['Title']=full.apply(girl,axis=1)

Tit=['Mr','Miss','Mrs', ‘Master"', 'Girl', '‘Rareman’, 'Rarewoman’]
for i in Tit:
full.loc[(full.Age==999)&(full.Title==i), 'Age']=full.loc[full.Title==1, 'Age"'].median()

full.loc[full['Age']<=15, 'Age']=0
full.loc[(full['Age']>15)&(full[ " 'Age']<55), 'Age']=1
full.loc[full['Age']>=55, 'Age']=2

full[ 'Pclass']=full['Pclass']-1

from sklearn.cluster import KMeans
Fare=full['Fare'].values

Fare=Fare.reshape(-1,1)

km = KMeans(n_clusters=3).fit(Fare) #/F8HEES /2E
Fare = km.fit_predict(Fare)

full[ 'Fare']=Fare

full[ 'Fare']=full['Fare'].astype(int)

full[ 'Age' ]=full[ 'Age'].astype(int)

full[ 'Cabin']=full['Cabin'].astype(int)

full[ 'Pclass']=full['Pclass'].astype(int)

full[ 'Sex']=full['Sex'].astype(int)

#full[ 'Survived ' ]=full[ 'Survived'].astype(int)

dataset=full.drop(columns=['Embarked', 'Name', 'Parch', 'PassengerId', 'SibSp', 'Ticket', 'Title'])
dataset.dropna(inplace=True)
dataset['Survived']=dataset['Survived'].astype(int)
#dataset=pd.concat([dataset, pd.DataFrame(columns=["'Pri'])])
train=dataset[:800]

test=dataset[800:]

R REWF A , JF ) i 8ee il ik

Pclass => FMAEZL(0/1/2%H007)

Sex => PEjl male=1 female=0

Age => ‘Eit HHtMEre,1,2 AE 4h4F (8-15) H4E (15-55) E4F (55-)
Fare => MiZifii% &%K%e 1 2 KD £ K2

Cabin => &AGS JHVERA LI, JERIA AL S

(EES A
XESFARI RS,

|P|:lass||Age||Cahin||Sex|

EAESEIEAER, TR TS

b wn =

from pgmpy.models import BayesianModel

from pgmpy.estimators import BayesianEstimator

#model = BayesianModel([('Age’', 'Pri'), ('Sex', 'Pri'),('Pri', 'Survived'),('Fare’, 'Pclass'),('Pclass’', 'Survived'), ('Cabin’, 'Survi

model = BayesianModel([('Age', 'Survived'), ('Sex', 'Survived'),('Fare','Pclass'),('Pclass’,'Survived'),('Cabin", 'Survived')])
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Hr( ‘Age’ , ‘Survived' )ZFRAgeig@ESurvived

pgmpyiRBIRERIIUL, XEfmEAgraphvizsEI 7 —T,
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def showBN(model, save=False):

"' f N\BayesianModel X%, f/HgraphvizZ|4ifE, jupyterh T EIER R
from graphviz import Digraph
node_attr = dict(
style="'filled',
shape="box",
align="left",
fontsize="12",
ranksep='0.1",
height='0.2"
)
dot = Digraph(node_attr=node_attr, graph_attr=dict(size="12,12"))
seen = set()
edges=model.edges()
for a,b in edges:
dot.edge(a,b)
if save:
dot.view(cleanup=True)
return dot

showBN(model)

RESHEE

ETRMEMENSNSY, BHMES ML EAFRMGTE,
EFTEAN, XS

Examples

For a distribution of P(grade |diff, intel)

diff easy hard

intel dumb avg smart dumb awg smart
gradeA 0.1 0.1 0.1 0.1 0.1 0.1
gradeB 0.1 0.1 0.1 0.1 0.1 0.1
gradeC 0.8 0.8 0.8 0.8 0.8 0.8

values should be [[0.1,0.1,0.1,0.1,0.1,0.1], [0.1,0.1,0.1,0.1,0.1,0.1], [0.8,0.8,0.8,0.8,0.8,0.8]]

»>> cpd = TabularCPD('grade’,3,[[©.1,0.1,0.1,0.1,08.1,8.1],
[0.1,8.1,0.1,8.1,8.1,8.1],
[0.5,0.58,0.8,8.8,0.8,0.8]],
evidence=["diff"', "intel'], evidence_card=[2,3])
»>> print(cpd)
+o-------- +o------ R e +o-o-o---- Fo-o-o---- o---o---- +
| diff | diff_e | diff_e | diff_e | diff_1 | diff_1 | diff_1 |
rEsEos=oos FoSoosooss == asacos essosssos Possoon=os roSosossos Fosssosssa +
| intel | intel_@ | intel_1 | intel 2 | intel @ | intel 1 | intel_2 |
+o-------- +o------ R e +o-o-o---- Fo-o-o---- o---o---- +
| grade @ | @.1 | @.1 | @.1 | @.1 | 8.1 | @.1 |
fes=s==so= fm=so==ss=s {p====s===== f===s===== {p===s==s=== fe==s===== f==s=s==== +
| grade_1 | @.1 | .1 | ®.1 | 8.1 | 8.1 | @.1
+--------- t-=-mmmmm- Fo--mmm--- +--------- Fo-----=-- o= t--------- +
| grade_2 | @.8 | @.8 | @.8 | .8 | e.8 | @.8 |
fes=s==so= fm=so==ss=s {p====s===== f===s===== {p===s==s=== fe==s===== f==s=s==== +

»»> cpd.values
array([[[ .1, 9.1, ©.1],

SQVWooNOoOUTh WN =

—_

[ @.1, @.1, a.1]],

from pgmpy.factors.discrete import TabularCPD
#HEcpd

my_cpd= TabularCPD(variable='Pclass', variable_card=3,

values=[[0.65, ©.3], [@.30, 0.6],[0.05,0.1]],
evidence=["'Fare'], evidence_card=[2])

# tHcpdZFE
model.add_cpds(my_cpd)

# RITIRE (T, BTEEcpdEEIEE)

cancer_model.check_model()

BEELGFE, FRESHFINNENSIEESNFS.,
SEEFIEMAEETTE, RALAGITF NG, EARERNIIET™E, —REMEREEHTS
https://blog.csdn.net/leida_wt/article/details/88743323
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2019/12/28 (62578 2) U374 £ python S %, (LAZeIH Je v 5 5B 4051, pgmpyfE) _leida_wti % -CSDNH &
3ZkF, dirichlet’ , ‘BDeu’ , ‘'K2' , CFR_EEBREdirichlets>fn, XEMERET NGRS TIEREE,

MntERfEitaS
ENHEDHTRMESRT, FRSHOBEMEREZE, MbRETMEERSR L, BHERRER, RIEEEXI0AITIR/RIR. ME(IEHE S

9{=P(X=I£)’i= ]-9 29 MY S

dirichlet JXFIRE) . WF—PEEINEEUIRSHTE, BIHRESEN
HSELRIUFIRESMD[aT, o2..ai] (i=2RttBFRbetas37h)

p(@ — L@ g

[T ™!

=1

XNMERENSH, HFOEAT, XESHFBRSTEERRAN T o NEIER, HPBEX=XIIEREAA, XD ASENERE
(equivalent_sample_size) ., XPMIGEHELIFRFCIREEUXMRENSH, B, HitBEENERSHEENFRESH (FRXFMTAIIE
N3 AIE%E https://zhuanlan.zhihu.com/p/37976562

ZEIATLAIR R pgmpy iR AU H AR ERRISEHIIE X T,

HE X estimate_cpd(node, prior_type= ‘BDeu’ , pseudo_counts=[], equivalent sample size=5)

nodeE2 T RA

Hprior_type= '‘BDeu’ FiFEE T —equivalent_sample_size=5HTERIEMI, INESMERIESE, TMEHER, BHARRA, XMt
R LR BB ST S ROTEN A ERS.

Hprior_type="dirichlet’ FNEFE—MRAIKFTEDH, XIMEEEFEAN a1, o2..ai]

Hprior_type= 'K2' FEJ9 ‘dirichlet’ + setting every pseudo_count to 1

BRERNT:

data = pd.DataFrame(data={'A': [0, 0, 1], 'B': [0, 1, @], 'C': [1, 1, @]})

model = BayesianModel([('A', 'C"), ('B', 'C")])

estimator = BayesianEstimator(model, data)

cpd_C = estimator.estimate_cpd('C', prior_type="dirichlet", pseudo_counts=[1, 2])
model.add_cpds(cpd_C)

Ul h WN =

EFEE—N—MEHER, ERCITEEERNTTE, ENBRHEAERE, —FHETE Nepd (FHHER) | B

1 | model.fit(train, estimator=BayesianEstimator, prior_type="BDeu") # default equivalent_sample_size=5

BEEitamtiESEldataframe EABIA], XEBIER—1bug: pgmpy BaliEEHZEEMARHIMNTTE, FTLAAGIFERIPclass TIN (1/2/3%%
BT (0/1/2%4%) LARRRLLIARR,
dirichlettB AT 7EfitERENER(ER, RE{EA\pseudo_counts=FERBEIA], 4N FEIXHF

1 | pseudo_counts = {'D': [300, 700], 'I': [500, 500], 'G': [800, 200], 'L': [500, 500], 'S': [400, 600]}
2 | model.fit(data, estimator=BayesianEstimator, prior_type='dirichlet', pseudo_counts=pseudo_counts)

FLalE, RECKTetPETE, TEALFHAERERTIEET.
1:35 ]
BhABE—ETEEERE

HEH RIS

print(model.nodes())

HEHIRIXR

print(model.edges())
#EERTRBEES
print(model.get_cpds('Pclass').values)

SOuUlTh wWN =

ERFMERONRAEERLETRE, BBTRIMTERS, Xel2HEE.
TR RS HEIR S AR
1. FRBERER R -
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2019/12/28 (62578 2) U374 £ python S %, (LAZeIH Je v 5 5B 4051, pgmpyfE) _leida_wti % -CSDNH &
FIXFKP (QE=e) HFQHIEHZTE ENIHETE
BMNABIFEE—PA, &, <15%, BEM, AERERES?
2RARBERFRERE (MAP) :

h* =argmfucP(H=h|E=e).

CANEHEER, WRLTEAMEGSAGRE (FRRIREEH)  KETRASHERAERRRTR, MAGFE, E—NE T RNZRERTEE!
FR?
SEATEERRRIRE (MPE) @ 2209%0), BMRIRESNEEMEIRHERE (RANEIESIHELE)

MHHTREEIREEEMRTTE, BIREE (TEEVariable ElinationfIE(SEE) FLLMEEREIMcmcREF), —IRIGHHEERZRR
pgmpyfER1ETLARqueryBRE] fifiRk2, 3RJLAmap_queryBREL

BEXLERTLSRERIVEEN I TRRIRES, XENMHHTRNEREEN—AMNE, HNRRXEAHAFTLURERE A —REN LAZERR,
R AR, HHANEAIREEBP (RS T | 238 TI8) RSB AR RIS TISK A =hY,

from pgmpy.inference import VariableElimination

model_infer = VariableElimination(model)

q = model_infer.query(variables=['Survived'], evidence={'Fare': @})
print(q[ 'Survived'])

Fommmmm e Fommm e +

oOo~NOoOuUThh W =

| Survived | phi(Survived) |

| Survived_o | 0.6341 |

10 | 4------------ B T +

11 | | Survived_1 | 0.3659 |

12 | 4= e e +

13"

14 | q = model_infer.map_query(variables=['Fare', 'Age','Sex"', 'Pclass’','Cabin'], evidence={"'Survived': 1})
15 | print(q)#{'Sex': @, 'Fare': @, 'Age': 1, 'Pclass': 2, 'Cabin': @}

16

Ve

EEAYRABER T VariableEliminationf5i%, 7ra]FBeliefPropagation, EAHEBEARED.

SfitR#Es, iRt T\ dataframefI&EHEIE S Epredict, dITF
REFISEFTNAIF I N predictiREl, #aTLABRFRNLERdataframe

predict_data=test.drop(columns=['Survived'],axis=1)

y_pred = model.predict(predict_data)

print((y_pred[ 'Survived']==test['Survived']).sum()/len(test))
# i B4/ . 8131868131868132

A wnNn =

AEATREEREEEN ORI TR NERT AR EMERT , 1BE81.3%, tfbkagglefEH=0.77990,
BEn&iHREEE- > EREEFIGE

ref:
https://github.com/pgmpy/pgmpy_notebook
(UHETRES IS

BRIt RNEEERZOERERY, — MR MEFAER, Z—1EEKREE. FSEEARATNN, BRNEGHAKR, REEEFASHERT
BREHLURDIEREE, ELF=ERMASESE, Score-based Structure LearningSconstraint-based structure learning LAR {16945 & hybrid -
learning,

1.Score-based Structure Learning

XANTERE TS ®E, BAENEbdeu k2 bic, BAENMNEITFSES, WTNEAIGIF

HBIFREINF=EX y FHSz=x+y, BAX -> Z <- YHIEEEE
1 | import pandas as pd
2 | import numpy as np
3 | from pgmpy.estimators import BdeuScore, K2Score, BicScore
4 | from pgmpy.models import BayesianModel
5
6 | # create random data sample with 3 variables, where Z is dependent on X, Y:
7 | data = pd.DataFrame(np.random.randint(@, 4, size=(5000, 2)), columns=list('XY'))
8 | data['z'] = data['X'] + data['Y']
9
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10 | bdeu = BdeuScore(data, equivalent_sample_size=5)
11 | k2 = K2Score(data)

12 | bic = BicScore(data)

13

14 | modell = BayesianModel([('X", 'Z"), ('Y', 'Z')]) #X ->Z<-Y
15 | model2 = BayesianModel([('X"', 'Z"), ('X', 'Y')]) #VY<- X ->Z
16

17

18 | print(bdeu.score(modell))

19 | print(k2.score(modell))

20 | print(bic.score(modell))

21

22 | print(bdeu.score(model2))

23 | print(k2.score(model2))

24 | print(bic.score(model2))

25"

26 | -13936.101051153362

27 | -14326.88012027081

28 | -14292.1400887

29 | -20902.744280734016

30 | -20929.567083476162

31 | -20946.7926535

32|

X->Z<- YD ES
MRS REH THRIEZITERRNESE N TRUTTA) 1 RLEE (—REEE) pympyAIsEInT:

from pgmpy.estimators import HillClimbSearch

1

2

3 | # create some data with dependencies

4 | data = pd.DataFrame(np.random.randint(@, 3, size=(2500, 8)), columns=list('ABCDEFGH'))
5 | data['A'] += data['B'] + data['C"]

6 | data['H'] = data['G'] - data['A']

7
8

hc = HillClimbSearch(data, scoring_method=BicScore(data))
9 | best_model = hc.estimate()
10 | print(best_model.edges())
11 | #[('A*, 'C'), ('A’, 'B'), ('C', 'B'), ('G', 'A’), ('G', 'H'), ('H', 'A")]
12

2.Constraint-based Structure Learning

EEARIEIRS MRS EIRTTIE, XISk RI—MEaN

1 | from pgmpy.independencies import Independencies
2
3 | ind = Independencies(['B', 'C'],
4 ‘A, ['B', 'C'], DD
5 1 ind = ind.closure() # required (!) for faithfulness
6
7 | model = ConstraintBasedEstimator.estimate_from_independencies("ABCD", ind)
8
9 | print(model.edges())
10 | #[('A’, 'D"), ('B', 'D'), ('C', 'D')]

EZIZERRAFIF, FAHIlClimbSearchiXTLAT, B CHIMAESEI TMZAIFLRITMEERNBE (kagglelid GRS E—LL) , (2B
7%, FIBEEL BRI — 2S8R, thilCabin Pclass Fare #83%, Ageifssiig T SexHE

from pgmpy.estimators import HillClimbSearch

from pgmpy.estimators import BdeuScore, K2Score, BicScore
hc = HillClimbSearch(train, scoring_method=BicScore(train))
best_model = hc.estimate()

#print(best_model .edges())

showBN(best_model)

oo h wmn =
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1 | best_model.fit(train, estimator=BayesianEstimator, prior_type="BDeu") # default equivalent_sample_size=5
2 | predict_data=test.drop(columns=["'Survived'],axis=1)
3 | y_pred = best_model.predict(predict_data)
4 | (y_pred['Survived']==test['Survived']).sum()/len(test)# Wit EE/E/E
5 | #6.8131868131868132
=111l
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ref:Bayesian Methods for Hackers chp6
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Binary Classification
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