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Analysis of Happiness Data Based on Bayesian Network

Statistics 13 Hanyu Zhang

Supervisor Lanhui Wang, Dayuan Hu

Abstract

Based on the Bayesian network, the sense of happiness under the influence of different factors is
analyzed, estimated and inferred in this paper. Compared with the existing methods, Bayesian network can
discover knowledge and structure from a large number of complex data, explore the uncertainty, and less
demand for linear statistical assumptions. The happiness research based on Bayesian network is divided into
three steps: structural learning, parameter learning and inference. Firstly, the structure of happiness data is
studied in this paper. In this network, the father nodes of happiness are the expected income, whether there
are income problems and marital status, that is, the key variables that affect happiness are related to income
and marital status. Secondly, The Bayesian network is used to estimate the distribution probability of the
discrete variables, and it is found that the expected income has a great influence on the conditional probability
distribution of happiness. Finally, based on the study of happiness Bayesian study, adding a prior information,
probabilistic inference of its happiness, and exploring the influence of each node on happiness, that the impact

of the expected income and marital status are the most obvious is pointed out in this paper.

Key Words: Bayesian Network, Conditional Independence, Happiness
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Fig 3.4 Bayesian Network
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DUt 37 o0 25 PR T M ARSI (K S 2 AR, S N DL B e, 7 (SRR A A e B R i S A R 2 R A
=, MIMEATRIZR BT .
2 JUM-Hr 2% B 45 H X

JH DL $0 1 28 06 S B e AT 45 M4 20, HIE T — DA TR EA K, T RoR M4 =
A B LR DR 3R 2 A) PR RE A O ok RN SRS G R o — MR S AE B % P AN NG 2 1) 4R
fiT: — A HERETER MM SR, DR BRI L 2 S 5T BRI
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ko BT LRI S S BN LA a2 0 L, 2 B e e 6 2 AR SRk S LR M R 3 4 2% AR T
RAGEEEH . JLARK Bt A BT 8, (2w i 26 PF AL PR B AR B A 1Ty HLES RA— g T FE . T
TR R 52 S AN G AL I, 32 22 RIS 70 B EOP O RS AR R 2% 5 R T 55, R
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B AR — LU AT PR EOR, B DRSS R RN Foa, R e R i SR,
X AR IR S LR D R A EAT I el R ERAE, JEE D R ROE R “heiE” SEBL RS,
TR 5E f 25 (1 0 48 S5 44«
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T R R P SO ST BORRAR A R 5 MR (R A R et
ST HIRAM DA, R DA B BRI 5 MU 0 ST e DU R 26 T
VU, R A S TE SRS B 1T AL B 0 0 S s T D O R
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4 SIS 1T

SR DUTH T4 T 45K 20t T SRS B LR B R 0 2 BT, U 2 3
RIS R IR R, TR EII0RE, RS R R, i35S
AR YA . A3 R P SRR B R RIS ST SR i R
BRI DR 025 S [ 55 SR AR R B TG D B 2 DL = R T 2 .

SR U7 4 A S B PT S0 F : HBRAE S Cexact inference) PR
(approximate inference). Hf 87 75 % UL ) 45 4915 51 F o 4 6 DL 07 BOK 19 51 ¢
P S IR 58 44 R T S R 2 S0, SRR DL A —
A Gunction tree) T FHLIF DS IG5 5 M S0 2 1151 2015 O B U
o AT AR 45 TR B SER S B RO IOBERG e  F 3 T B LAIRE R 324 e

{EL 25 4 2 HR AT R UIE 4 A2 BN N I, JE L R IE B8 22 5 10 S8 S AT B i L Sk AR g . I

B, ASSCAE RO SEAR B BEAT DU HE B 0 B, 32 BERAT A=A 1 HE B S5 b AR A

(Junction Tree).
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FERBEER AR RMEAERWER, WRAEHF. NA%. KE. TE. ANRRRAERE
WAMBIRIER, R R A JZ R ERA S E P, (ERRIRLE A R m i B E R, RS =4
BOGEERI BRI R, WA AR I SO0 2 e o AR AT B 2 AT D st e, DU R 4%
IRAEME R ERCR, el KBRS R 0 2PN R AR, IR 2B I R 2% .
A, 3k FH DU S 2838 W] DL > Z 8 Al TH R IR I T F e et AT SRS, #RT S
TR H . Rk, ARSI DT X 25 36 SEAR IR EAT SSIE 7 T

(—) EARRYE I TUH-Hr o 28 G5 1 % >

AT BN EAR R FER R, A IR BRI K, e TR B 4 3
SEARIE A R R B, R S SR AN R B A EL ORI R I 2 AR I AT S T AT
FOHERR (K HEA . DRIE, AT (R RO 2 AR B AT G50 2 20, R 7 L o A I G 5 8] 3% T £
AR, IFFABURRECE R ARG, JFEIRIERE e T I KA AR A AR, AT
IR A 2 T PR AR BRI AR AR S A
1 BRI Rk

RSO RO AR R HEAT DU 0 2% 27 50, 0@ I 453 K R 00 s e PR I 4 g . R L
6 AL, 4 B E T2 1 Grow-Shrink %72: 1 Incremental Association 5%, FT1Fr R 1)
Hill Climbing &% 41 Tabu Search §i%, LIRS Hi%H ) Max-Min Hill Climbing &%l
Restricted Maximization 5%, #4048 R 7% I HITE > M EUE BIC 1H70 B8, Hoz o AR R E
AT DAL A A 8 B IR S i K I R &, AR 3T vk i il i AH LS 2. (Mutual information) 3K
ARSI, HAZ O RS IR

TEHEAT 56 By 48 DU ST 265 25 ST, S P S0 O EAT IR, BAS o &) 8 AT A
B 2%, A X REA B (%5 20, BLAR 10 1 Bl AR 0 2 S ) o SR TITIK A ¥k A P A
K, NAEENZRER, HRBOvd EE KL “hrit” &3 B s R, 5550
BFFER AT, Rt — R BBl Al A (17 20, KL SOA U N eI iR, P A S B A B
S5, LT G B O YRS IO 4 A ) (B o E SRS 1 B AR 1 DL 0 8% P 8 12 e IR
FAARL U R F o AR, R IRATE L DU o 4 S A R B S, B, T AR

SCHIBIETE IR, SEAR AR N IR AR IE AR, BRIy A AR B 75 O B, MoAREAQ Al 3%
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Tt AT S AR R eI AR, R SRR AR IR RO A E, X
Fe s 2L R SCE R T H I E s AR AR 8] (R R IEUE , AR X E SEaf 25 5] iE
DR ONIAE

i LR ANF R AEA SR AT, BB EIAN AR E, AT IR RIAE, R
B (0 KA R R O B, DLV A AR R G R o 450 0% R 50— RO P R A T AR 2R F T A 55 S AEL A
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Table 4.1 Comparison of loss functions for each algorithm

255 RS WRmE Bofr ReEtHr
) Grow-Shrink 13.26908 2 5
T2 N
Incremental Association  13.09093 3 4
. Hill Climbing 12.43564 6 1
ETWHIHEER
Tabu Search 12.43592 5 2
R Max-Min Hill Climbing  12.62837 4 3
a3
Restricted Maximization  13.33626 1 6
132 L
o
o
=
@ 130 - -
-
©
o
2
E 12.8 I~
—
o
(o]
— 126 =
124 -
GS IAMB HC Tabu MMHC rsmax

B 4.1 SEZNBRERLLLLE

Fig 4.1 Comparison of loss functions for each algorithm
AT AR I, AR R4 2% iR 2045 43 9 HE)T 4 Hill Climbing < Tabu Search < Max-Min Hill Climbing <
Incremental Association < Grow-Shrink < Restricted Maximization. [ 1% $ 3 T3 018 2R 1 5k B
A7, ASCESF Hill Climbing 53205 21 ) UTH-H7 94 28 [ BEAT 704

2 UM 2% g5 H 4 S 45 R
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& 4.2 &T Hill Climbing B9 UM T R4& 4544
Fig 4.2 Bayesian Network Structure Based on Hill Climbing
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seAk, B AR AT S . W CHUIION " B R R EBHUWRARAE”, A
SAEGIAE” A« SEYINARDBL” (50 “ R BN B8] “ R AR RAE”, <
M ZRA” AN CHE KT IS T ISR B EERZ ] CEE AT A K EWARDL”
Mo CABESRHE, BRRAT AT AW A ARG, RIS A2 22 26500 “ 2R IR
A NNAR G - Z NN AR B - B WA DL — AR K7, A AR - IR B - T
WA —SERRR T, B A NN DL - ZEER AR G- ZUE 7K = BRI — 52 547 WA T A — 52
R S o RIEET DU 2% () SEAR I R 4 45 4, LRSS TS Ja IO ORGSR AR AL T, $ 5 5
SONFIAHSE, LA I A R R G H R, 0 RS2 s AR i ) S B AR B S5 N NS SRR 25 AH
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() SEARBRYERE T H TS 54 T

NS AR TR R DL P30 48] 2% 445 g J] m T DA LR i 2 AR ) S B AR B 5 U N A RS AR, N T
BB IR IR H RN,
R, RS HAETHE RN R BB 5 Kb EUR BT TR,

TS HIIRE

BET I PP 18 R SR ) DU e X 2% 50 ), ol mT DAt 552 L A U

AR LB E 4 (0 SR AR

FAER . AR 42 FIH T SEAR A IS RS

IR AL EBEAT SR, SRR R

v R AT 1A

AR T 3

< A T B AR R )
WS NS FAE R 12 5

DUPH- $ir X 28 il

iR, WERME. B TEERZ, AU ERERX —RER SRR M, SEF 4R
LU
F®42 FEBRVREGEREIH
Table 4.2 Happiness node conditional probability distribution
SEAR K
ISIARES AN ) TAHAUSN - o X - .
REtE  HREE K WBAEE RAESE

RISTAN 5 WK 20%LA L 0.813 0.072  0.083 0.018 0.015
K 10%-20%  0.15 0.432  0.282 0.094 0.042
N 10%LA  0.156 0316  0.341 0.127 0.06
Fi1 0.143 0223  0.439 0.114 0.081
WD 10%LAN 0.092 0.177 0.45 0.133 0.148
Wb 10%L 0123 0.118 0296 0.138 0.325
RISTAN 2 BK 20%LL L 0.267 0285  0.331 0.066 0.052
B 10%-20%  0.148 0.442  0.296 0.074 0.04
BN 10%LA 0123 0.291 0.444 0.098 0.044
Fi1 0.125 0254  0.483 0.08 0.058
Wb 10%L 0.07 0218  0.497 0.092 0.123
Wb 10%LLE 0.09 0.137  0.448 0.118 0.208
RISA TN 5 K 20%LL 0383 0.306  0.218 0.057 0.035
K 10%-20%  0.157 0.495  0.256 0.06 0.033
N 10%LA 0.139 0.34 0.386 0.106 0.029
Fi1 0.149 0281 0417 0.101 0.052
Wb 10%LA 0.061 0233 0424 0.147 0.135
Wb 10%LLE 0.137 0225  0.291 0.165 0.181
RISA TN 2 BK 20%LLE 0257 0.326  0.305 0.063 0.049
K 10%-20%  0.107 0.499  0.288 0.074 0.032
N 10%LA 0.114 0336  0.426 0.084 0.04
ReoF 0.108 0279 0475 0.095 0.042
Wb 10%LA 0.087 0288  0.399 0.139 0.087
Wb 10%LL L 0.054 0.197  0.435 0.136 0.177
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+=43 ER
Table 4.3 Continued table
e - . AR
RS RBERARE TN el wmeE oM AR R

oS 5 K 20%LL 0372 0.316 0.25 0.039 0.023
HK 10%-20%  0.206 0.443  0.291 0.038 0.022
N 10%Lly 0.18 0.402  0.338 0.057 0.023

ReoF 0.192 0316  0.423 0.049 0.02
Wb 10%LAN 0.104 0.231 0.478 0.115 0.072

Wb 10%LL L 0.136 0208  0.421 0.095 0.14

oS 2 K 20%LLE 0272 0.341 0.337 0.03 0.02
HK 10%-20%  0.151 0.439 0.35 0.043 0.018

N 10%LAN  0.127 0373  0.423 0.057 0.02
Reop 0.101 0299  0.531 0.046 0.023

Wb 10%LAN 0.094 0253  0.488 0.105 0.06
Wb 10%LLE 0.105 0.201 0.457 0.105 0.133
B 5 K 20%LL 0358 0225 0299 0.064 0.054
K 10%-20%  0.121 0374 0353 0.082 0.07
BN 10%LAN 0.104 0286  0.433 0.13 0.047
ReoF 0.13 0227  0.443 0.143 0.057
Wb 10%LA 0.093 0.198 0419 0.209 0.081
Wb 10%LhE 0.118 0235 0294 0.132 0.221
B 2 WK 20%LL L 0.221 0243 0354 0.083 0.099
HK 10%-20%  0.152 0.37 0.351 0.104 0.024
BN 10%LAN  0.096 0.38 0.39 0.086 0.049
Reop 0.107 0.181  0.542 0.128 0.043
Wb 10%L 0.11 0.154  0.407 0.165 0.165
Wb 10%LLE 0.105 0.079  0.395 0.145 0.276
WA 5 K 20%LL 0258 0.21 0.371 0.081 0.081
HK 10%-20%  0.129 0233  0.388 0.164 0.086
N 10%LAN  0.136 0273  0.344 0.084 0.162
Reop 0.105 0224  0.483 0.105 0.084
Wb 10%LAN 0.086 0.171 0.343 0.143 0.257
Wb 10%LLE 0.03 0212 0212 0.182 0.364
WA 2 WK 20%LL L 0.245 0286  0.286 0.061 0.122
WK 10%-20%  0.16 0.42 0.24 0.1 0.08

N 10%LA 0.14 0318  0.341 0.132 0.07
ReoF 0.147 0259 0397 0.112 0.086
WD 10%L 0.071 0.25 0.357 0.143 0.179

Wb 10%LL E 0 0.083  0.133 0.083 0.7
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BT, 4R ISR AN R AR, BN R, R m MR BOR . 4 e s
JRARGUA BN, AURNEAER, HE AR m R BN 458 ORI R AR A, AR A
TN AR MR, HUOR RIS A AR CAIRES, 1M 28 5 A0 (0 248 R I ME 2 e

MBS, 58—, ERBTBN HAFTEBON I HE W %A, SR 20% LA
by AR TR R SEAR MRS IA 80% LA b, BEE TN IR, JLARSEAR MR S8 KRR, 5
PRI, WA ORI 20%” BEE] I 10%-20% 7, RFEARFIBERIED T 60%, B S I
10%-20%" “ 341 10% LA “H5F7 “9b 10% LA 7 “I8i> 10% A F 7 1R SEARME 2R /)N i ik 3l gk 2D
1%-2%. =, ERELBNEAFEERN BT, EEANERRET, BN “88n
20% HAR AR IR, 4 81.3%;: “H4MI 10%-20%" F LA AR MR K, H 43.2%; it
T BN 10% LA R <8 10%EAA 7 N, HSRa R — R IR K, K29 30%-
50%; BEJaxtT “H 10%0 B BN, HARAERPEER (32.5%) W& THAMPUARE. &
AR J3 7 ot - F A [ s A AT SO DR ) DR A & B, B4 s A AR IR RSN TR AR 25, IO
B h, HoaAR e R BUR

SN F AR E, 45 ISR R BIIBON T = 15 WO TR M 1) 8 ] 5 0 = A o 56
=, WFARETBAFTABN “38800 20% L4 £ 1N, HEBNF AR EAEME N 81.3%, &
THAWNAE 26.7%HIMA, £ 55%. 5=, X TRETCDNFTIN “8GIm 20% L, £ 1)
N FTRON TR HE AR SEAR R 5K, A SO TR HE 1 — MR A O W6 Je K o (ELBE 36 TIUMI SO 1) B
€, XA E, REMEANRE, HFEHEREZR 5 ETIBRNRRIER T, S48
YN A5 B ARBUR . W4T “HEI0 10%BLPI™ . “F 77 A« 10%LA A7, AR
HEAT TGS PR M e KRR O — AR AR . PTRE 2 TR 15 A7 SO R HE ), 4 T 4 i o FT g N
()42 P e e A2 S M) S AR UK

SHSMRET S, 4 BNEACRS R BIIBON, B A RIS RIRAS WA R E 2 b 6T
AELEWN A, TN “H9HK 20%LL 17, Hegtamomts (s “IREEm” R “Lhisdm ™),
MARIETEAN . REEFBANL BI85 BR. “EZPRRIK, 72002 88.5%. 68.9%. 68.8%-
58.3%- 46.8%, HHREABANECEXAA K. HXTTFAAEBRNFAE, TN “HK 20% LA
b7 HEERR R R A, SRR, A 61.3%, HIRZRRIEAEAN 583%, AJE2E
BARIS TN, 735108 53.1%M 55.2%, HRAEE FHFR Y 46.4%. AT S, BN R A
o, RAE IO R SEAR B 1 T RE MR, T A7 ZE SO R A vl R, 5 AR B ER AR (45 2 2 A
F AT REMESE K. R A Akt T H A [ s T USONIR S &
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gr bprid, RIS NI AR RS, AT BLS 25 1R (2 B LA SR RS — S NS RS
AN AEIR DL, A2 TN S i, HKE AR (R R B o 2. 00 R E — D NSRS, A
AN I A ) LA AT AN TR A ) S A ORI, (BB TN B A, P 2028 /o 3SR S
NN, BN RAER, AR EETE N K A B R R B PO, TOAF AR WS PR A i) it
I, WA PR AR AT O A S Ry R P REVE SEOK, T 120 S A e AF 8 DU I 3 R B S A o

NS IE AR B DU AT R 2 AR R S B ST IR, A SO S B THS 2 5 iR 5 Sk bt 45
RABEAT TR 3R 3.3 AXHI I AE TN 2 75 WO TR e 1 8 DL S A AR DL CR A TE 25 N3
VRIS, SEARBOME R 0 AT I SE PR TS5 2R o G I S Bt 550 25 SRR DL Pk $if (X 28 A8 R 00 235 2R % B
SIMTREL, E DL T 9 445 1 11 5 B0 A 2 1A 46 % 35 22 9 3800 107 4T, 80K 0.0005 . 33 T DL By
WA 2 MR BT AR e ARSI L, DRI, 3 Y DI S8 [0 24 ok S JE 8 A A B AT Bt 70 AN 28 SR HE R 2
AT

gl

® 44 ERBDRERITHEER
Table 4.4 Calculated results of happiness nodes

SRS AN ) 8 TAHAUSN - . A \ - .
REtE  HREE K WBAEE RAEE

RISTAN 5 K 20%LLE 0813 0.072  0.083 0.018 0.015
K 10%-20%  0.150 0432  0.282 0.094 0.042

N 10%LA  0.156 0316  0.341 0.127 0.060

ReoF 0.143 0223  0.439 0.114 0.081

WD 10%LAN 0.092 0.177  0.450 0.133 0.148

Wb 10%Lh 0123 0.118 0296 0.138 0.325

RISTAN 2 BK 20%LLE 0267 0285  0.331 0.066 0.052
K 10%-20%  0.148 0.442  0.296 0.074 0.040

BN 10%LA 0.123 0.291 0.444 0.098 0.044

ReoF 0.125 0254  0.483 0.080 0.058

Wb 10%LL 0.070 0218  0.497 0.092 0.123

Wb 10%LLE 0.090 0.137  0.448 0.118 0.208

20



ABFMRM R 2 AR Bl 18 3

0.00100 1 — 152 - B bl 060
0.50
0.00080 1
0.40
0.00060 A
0.30
0.00040 ‘ ‘ ‘ |
I mhhmum ‘ ‘ ‘ ‘ ‘ ‘ "I ‘4 hd \
o LR AL L

B 4.3 MHATMESHF IERMENRESH

Figure 4.3 Absolute error distribution of Bayesian network parameters learning results
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FEZSEAR BB AT T — B “UEdE” (RMERED Mgm, w2 BRI HE SRR REE.
AR R IR A W S 0200) SE AR IEEAT DU 307 R 48 O R R A, AR AT 17 SR A T s AL P S B A
Z, RS RIS R B RN o 37 A 2 A AR 2 1) 0
1 ERBHHEE DT

IR B 0 0200 S A St AT DL S 28 R 0 B, 38 3.4 ZIHY T FOBIIRN . SR
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® 4.5 AN . REAWANEMERER, BIERKSERBROERER

Table 4.5 Expected income, whether there are income difficulties, Marriage status Reason for reason of happiness

. N SEA %

AR AdeE e R
WM WREE K WEAEE RAERE

WK 20%LL . 0.380 0.286 0.266 0.039 0.028

WK 10%-20% 0.164 0.443 0.314 0.053 0.026

W 10%LA  0.144 0.367 0.390 0.071 0.029

AR

P 0.136 0.290 0.478 0.063 0.032

J> 10%LL 0.093 0.237 0.469 0.117 0.084

> 10%LL . 0.111 0.189 0.414 0.113 0.173

- 5 0.224 0.339 0.334 0.065 0.039

FE 1A WO ] 3 ] 5t

& 0.139 0.346 0.417 0.062 0.035

RUETTHAN 0.237 0.276 0.340 0.085 0.062

RIEHHAN 0.151 0.356 0.359 0.087 0.047

WEIRIRAS [/ 0.174 0.359 0.390 0.051 0.027

e 0.143 0.280 0.403 0.111 0.063

R 0.147 0.272 0.352 0.112 0.117
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Figure 4.4 Impact of expected income on happiness

BARKYL, TN “H90 20% DL b7 REAR M iR ar,  FLAHERE S5 08 38%, HoAhSEARBOIR
25 B HHE BEARE 2R [ S A B D T IR D s “HE N 10%-20% 7 LR SEAR 4 FEME R B i, N 44.3%, HIR
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Figure 4.5 whether there are income difficulties on the impact of happiness
ToON R A ) R AR SEAR (D HEBERE SN 22.4%, W& T A WSO IR AE 1) 70 13.9% 1 HE B4 1
AN TR A I R — SRS AR B, & T ICUON I HE 8.3%: TR e AR . EE AN AR AR A
SEAR MR 2 RN 0.7% . BIVHE LT WSON TRIHME Fy, TS0 IR e F) 7 o R P S A K ) 3
MRS, ANEARIHE IR P 2 AR K. Ui, RO RIS i B, W] DR m AR AR A, (E
TR, WO R XS M — i B, 3R A A S0 R 25 0 5 000 25 7 T )8

(3) GEURIRZ XS AR B A R

P JE S ) S A S 0 BT P DL et 307 D 2 A RRHE PR 5 R, R A AR DR 285 582 T < A 6 PO M3 0 A«

23



ABFMRM R 2 AR Bl 18 3

ARSERR VR - MR BOREERE o RN

100% 4

80% 1

60% 1

40% 1

20% A

0%

N/
N7/
NN/
N2
N/

al
3
&
S

WA RIEHBN

&
A
=
&

4.6 MEIRIRAS X SRR AR

Figure 4.6 The impact of marital status on happiness
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Table 4.6 Impact of the addition of different nodes on the probability of reasoning of happiness

T A A SE A 1 4 B 5
1 [FEAR R TUHI =1 20% L I, REFBRAFME=T, HSHRI=RELEN] 0.885
2 [FEAR R A WA R =7, ﬁ%ﬁlﬂk/ﬂ:ﬂ%ﬁﬁ%ﬁ“}\] 0.568
3 [ R EAESRAE=T, LEARANEME=T, BERH=RIELTN] 0.601
A [SEAR R & A 1 55 R =15 %Eqﬁz)\ﬁwﬂ%o ﬁui, EEABNRHAE=T, W 0.505

Ril=REETBAN]
5 [CEARRE R A E W=, FKEWNRI=30 TU L, Z5E BN R AE=7] 0.585
. [FEARE RS A ERRAE=T, FKERNRI=30 7Tl L, REARAFME=T, XE 0,569
AKP=t L, B=FER ]
7 [ EWNRGL=30 LA E, #EKF=E1, B=1ER%4] 0.511
8 [FEARIER D NIEANRH=9-10 T3, #EKP=tE1, Bl=fER 4] 0.508
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Figure 4.7 The effect of the addition of different nodes on the probability of reasoning of happiness
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