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Research on the Interaction Mechanism Between
Productivity Efficacy of Douyin’s Personalized
Advertisements and Users’ Consumption Psychology and
Click-through Behaviors in Generative Al Scenarios
Author:Zicheng Zhao Supervisor:Peng Sun,Haiying Shen

Abstract

With the explosive proliferation of generative Al technology across the digital landscape,
personalized advertising on short-video platforms such as Douyin is undergoinga paradigm shift
from "precision delivery" to "intelligent generation." This study focuses on the.intelligent generation
of Douyin's personalized advertising within the context of generative Al'technology. By integrating
comment data mining and questionnaire survey methods, the research systematically investigates
the mechanisms through which generative Al-driven personalized advertising influences users'
consumer psychology and click behavior. Based on 1,189 valid questionnaires (a 98% response
efficiency rate) and 37,000 Douyin advertising comment records, this study constructs an
implementation-oriented research framework .encompassing three dimensions—productivity
efficiency, consumer psychology, and user (behavior—and comprising six sub-dimensions:
advertising volume, advertising content quality, perceived value, user attitude, purchase motivation,
and willingness to pay. The findings reveal'that: (1) overall, comments are predominantly positive;
generative Al-empowered personalized advertising receives favorable evaluations from over 70%
of users regarding personalization fit, and more than 60% of users acknowledge that the
recommended content aligns reasonably well with their interests (rating > 4); (2) narrative short-
form video, interactive.gaming, and native product-recommendation advertisements are the most
effective in eliciting user'click behavior, each accounting for over 50%; and (3) significant positive
correlations exist among advertising content quality, perceived value, and user attitude (all p-values
< 0.001). Building upon these conclusions, this paper proposes strategic recommendations across
four dimensions—methodological comparison, content innovation, trust building, and data
operations—thereby providing theoretical reference and practical guidance for the sustainable
market development of generative Al personalized advertising. The research outcomes can be
directly applied to advertising optimization scenarios on short-video platforms such as Douyin.
Furthermore, the user trust-building mechanism elucidated in this study offers empirical support for
platform governance and advertising compliance regulation, contributing to the cultivation of a user-
friendly generative Al advertising ecosystem.

Keywords: Generative Al; Productivity efficacy of personalized advertisements; User
perceived value; User consumption psychology and click-through behaviors
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FEGTEREEWEE LA, BN ERRAI BN £ R A LARBRUNEERS =
o 2 KA 8- BEBTE CHE

EHE6 125
976%
Efth/AErT
31.87% - TH12-185
\ 15.9%
J B5/3]18- 2245
RiE22-655 23.63%
18.84%

B 3-5 F P R REREH B

WEER, A PFEEERREWET Y EM/ TN, G 31.9%; EE Ze&E,
18:00-22:00 5t & (23.6%), HKAZWIE 22:00-% H 6:00 (18.8%) F1 T4 12:00-18:00
(15.9%), B2 6:00-12:00 48 3 &K (9.8%),

RERRGERA B AAERA U, bEEZR, ERERWE, HEHBEE
BAF & A 46.8%, EAERER G A 18.8%; BB, Hf/ 2 afEmp AE8E &%
2131.9%, WHRF A& EHTZEXERHBEAR, FEMFLEEERGFM MRS
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HTHER R EFEECHNEMRAEEFARELA, AP AR, CEER SRANE2
B ARIR R, BEWS EERFEANE BRI A

k32 FAAMBAFPRESERR AL " ERKBEY

i Bt FARERE KARHEERE BESEXR ERR Al L™
2 £ 6:00-12:00 64.3% 9.6% wIBEERL, BEME  EHEZEALE £ KR
T4 12:00-18:00 60.8% 15.6% K. BlES & FHRIEEHNE
H 8] 18:00-22:00 62.3% 23.2% FEME (RHEL ESHENMEMAEE
T 8] 22:00-2% H ‘ . X .

.00 46.8% 185%  FEANE., KTF#H/ % TEHAERANEZER

. JA XA K MEREE. FEME ZHRSRNSHE
H Ao/ 2 B 31.2%

39.2% JNE Rk

MEEFEFN ERRREAAERRTREN, B 32 T4, £RA AL BAT AR
THEREER. &—, CHBAANAERAE, RETFHEHFOOERSER, Al £
BRAEE & WA, Flaw, FREEESBMARN ZEELER &, BEEEHEE SR
EMESHEAKE, REAHEESRTHRWEL . F=, EXHERNRUTE, £5&
XAl B E T RRLT UL M A AR BN R EHUE, FSRBELN RS S5TE
N, RARFMENRAMN. FENEIRUARERFTE, % 6B FRIE (W FE.
HE ., FIRERF), Al B E AT S0 E, &#I 7 E5RAF S TRAWTRE.
TNk e FERRERAPHEECEES, BN HEREG AR, DR RN ENS
ERE.

M. EFAREE. AP EECE, H AT A
HY A o M

UERRGEW T A FevE R R R BWR P AL, BT REFEAR EETFEM
COURNCNE &R N0 Yk ¢

RKIINEEERCERAFBRES T

AE H®E ATk HE REE
T ERHE 3.60 1.17

K= H% ‘
JEAE R 5 3.60 1.20




Sk 3-3 54

% B O 0E Rt R it

P AE 4 3.63 1.20

AFPEEeE P REHE 5 3.61 1.17
4 3L ) AL 4 3.61 1.20

B P ATH fF 5B R 4 3.60 1.23

(—) AP X2 AESITEN

FP AT 45 B9 £ 77 71 R FF IE [ 7
A LI EE NEF ARG TEE, BERLAEN 3.60 GHa

PR A R AL

EIREH BN ETRKEF P ERE AP N HE
NEETHENMMARAZE. JRAPATATEE, BERAER 3.61,

Y RIS

EL I VIR

P E B RAT A RS E

2=

52 0T F i LA,

MERTENEFARBERER P — N, EhA R EAZE . KA
P CETEE, BRHEY 3.62, RANMEA St RERELNE, BRD TH.

MERT ENAE AR 2 HARRAE,

HERHERERAKEAZHG LI, ERRAIFEEALRT H5HE

Rz R ERES AP N RAMNFRAEE, FELR., FEWELS T EREZ#E

HEALH R4,
(=) &%EE
AN

, B SRR [N ® RE AT ER &,

(8] B AH KR

AT Pearsontd = 447,
KA 0413 5 0491 20, 2HMAFFIHTEEAT. R—ER WP XHFTARNELR

GRETEEREZAAFTELEFNEMRRR, M

wHPRmME. AFAE. WXL

EHNTE, RADHTHER X—HLA5EAMAGERE. TRERE, AHFEHR
AR R HECBEEERR T RANGE AN E/ EET G E—RANE—ETER
#l— 2.
% 34 RA-FEEH Pearson A< AEAEME (4* p<0.001)
£E JERBE JERERR APREME RAPAE WEHI FHER
;T ER K E 1.000 0.423%* 0.431%* 0.447%%  0.455%%  0.413%*
JTERBEER 0.423%* 1.000 0.485%* 0.459%*%  0.474%%  (.455%*
Fl P BEME  0.431%* 0.485%* 1.000 0.480**  0.474%%  0.450%*
P AE 0.447%* 0.459%* 0.480%* 1.000  0.491%*  0.473%*
T 3% Zh L 0.455%%* 0.474%%* 0.474%* 0.491**  1.000  0.463%*
TR ER 0.413%%* 0.455%* 0.450%* 0.473%%  0.463**  1.000
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(=) £EF e, AP HEFQE, F AT A 82w #

& #r

1. AP SEEWUEANMAFRRE (=049, AP AL ERBERSERZY
AR ER R AR E R, MERENM. REXEIUHA Viog AKX H 5 7% R,
WENE. FRAES ERENCRFHAFAE, AH—FHUNERERER. SAPH &
FHRBRBEXSEN, AARERGEFES. X —RAGSEATH - RZMEEREHF,
W EXEREMAEBTAHANERCEER. FLA P HECENFH AN A EEER.

2. TEAE RGP RaNENRBREFE (=0485), WH/ ENE &S, AP
B EmiE, &£ RX AR ERER R, NTHKEFADSRONE. FHik, £~
AIRREE R PR S EA F A

3. SENE R RGN R ERNRBFAANREEMHLE (1=0.455), KA E AL & FUE
B, TRERAR. ERARNAIBALERN ENERRAAALTEARSES, BL Al ERE
HF. ERERTERNE, TUAREFAAFPRAFERER. Bk, £ AREXHFPTAR
R

(W) Ak AT AP 4 B A 7= 77 2088 SOR - R AL
=i

MBAREEE (S) fAE LE, ERAAIRART T HEEFNFEE S EREHHR
g, TRENDHEEANRE L. BERERART, BERAATRNERELEFLE, Ta®m
FENEEMEREME: ENTREF R CHH, F6HARTE L OEZRAFE RN
B P S Es ERKNAI B ERERERBE TR, £EFAKEART, A ERCERK

MCEEFE (O) AELE, APRaME. APSE. WX, FHER, #&
TRERCEESRHES, AKX AIHR, X—FRAFRKRAER, BEZARE (EFH
BEERE) %5 Al BAKFHET,

MATHELE (R) AELE, NHRAEZEIELIRMTEZ A FEEELEE., HEom T
N, APAEHMEY 3.63, HEERBHMEHN 3.60, HEZEFE 003 fHEE, X—%E
FRARKNAI EFEEARHNEARA, FEALGEHNE. FEEE, REHHE
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% b S w 7m LA A

ERR Al THEMEWS ECEWRT N E—ER I —FE "W T ER T H
WA ARIEE, HEAERIEANF P Er A, 46.6%8H 7 & HEF 2T 1/,
SHEBEEERA; ERARBT RESENGF LM, TERK Al ) SR EHKY 64
B, —FHAT ] ERHAREAEEFTRE. ARWEE, <% EHFCERMAEE
BT 3.60—3.63 2 [A, AP EFFERERF, MAE ERKHE. | ERERER
ExEE B #HATE e HE, SEERBEDEFIMR, HRT “EF IR P R
ME—F P SE—TIZHN—MHBR AN CELFESE. AL EH, 86. 7% F G £5)
mESEFER, BIEANM) &, s kK S EEME & FREBMARTRER, H
RETAXEANBCE, HER R CERSWZ ER, WHAFP SA# IR £ =
It E. RZEFEMEAE: BRMA N CER MR, CERBIEAY EES
EHNER, MERRAIEARFHEL, BRXAZHAC Y= ML 580 LRI F 4§
AP EER RN AT, ERRAMEGERR UG PSGE AP TEE, EXEZFAWE
REZ. PARMETMEAHARE T Hok. B/ FUOEEENASELY L, EA
E R EMTRER . REDMNEERFAFT &, A% E A # R HLE 5 TR
REHATRAN B ERIL,
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FHE SRR EALE 27

AEEMABAM R T SR MAER L, FEEZARTELEL. RN
(PCA). K-Means %, HFEH, LM HTREER (SEM) UREEHE (BERF3) £
FrE R AT EE T &, AR AL THEMEM EWAFHFE OB & FA4T 8 #ATRE
VFRERGEE, BREAEE P WNE LT HILE S TNER ., 7Ek#E#E L, PCA. K-Means,
SEM 5% RFAQAMEREELE . FIF 0 k. BRBEFAT AT, #4% BELIA
PRHEM TR, BEERENS T ERERBEE LHE.

F PR RSB RAT AR A PR B REAT
ﬁ%

EERRS;ESZEFET, ARFEATEN, TURAEENE S SHTRIT
R P EREFCEKT, FELBTAP 2 BZPERAEN. FoBREsE L EERER
REH— A0, ETHEEAN AP RER. BEER7EN: MN%EEREEL#HAT 0-
1E—AE, RESARA MR ET ZHEER—FNEE (BEERELH A 1/6)
AR ESR, PCARER (ETHE—ERaRTLEMET— 1) RILHIE R 289 K
W, BRE (ETERMITHERZEERRBE) RBRAERENX 2 E5H; HL=MF%
H—EE, AERAFRATEGREBEA DL, K. HENET: —ZAS KR
THEREZ-—WEMTE, BRI U— NS EHERA P HECEAF; —2#
SWE., PCAREMBPRZMN T ZHZXWIE, #REGHHNREN, ZEETHS
RBHEZIRF 2% (KK, F5. SOBERE), A7 &R R |2 R AR
EHREEERT.

bC]
’i lentropy = Iwj(entropy) x zj<'
P

!

‘ﬁ g 2
iﬁi)\‘ i % PCA Ipca B e E i
o x5 = 2 B L 3
HE > E > 2 > B o e @ > o > 2o H
i B T R
e %y o x zje! e g;@ -+ o

%
% leq = Iwj x zj¢'
ke

E 4-1 EREREBWHLA T EREH
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(—) ZREFEXM
KHESNER, PCA REFEFBMAE =M T AIHESZ B ECEER, FX L=
MRELB T ENEZR., ENEELGILKHEHN 72.15, FFEEHR 17.73; PCA HEE5/F
MEHEREEME % GFL100), BE %, RASAHEEKEARTHNREE,
k41 ZFRELTAER

AE ®E ERE PCA RE WA 3k

R [ ERKE 16.67% 15.95% 17.30%
Ak 4

JTERNE &R 16.67% 16.83% 18.57%

F P R E 16.67% 17.15% 17.59%

AR oE - NS RArPAE 16.67% 16.41% 7.62%

T E Al 16.67% 17.08% 18.89%

R P AT H THZER 16.67% 16.58% 20.03%

PCARMEEKEF —E RO RTEMET— WA E, <% FAE B RE N 2,
HEFAFPRAENERERE (17.15%), HHE WA CEFFdE—RZET. FEE
TEEEGERRNEFRMAERE, TRERRAEREHNE (20.03%), FHHZEZNKE
BHERA. FRERFE. AFPAREERTZRD, RoEMRK, S ERTRENKE
(7.62%), F¥REEmAMEEN, Aotz

(Z) AW BLRGRF o E
ETEREZAEYR, FAFPAENER: FEOBERMER (251%) S50ER
FIRER (25.1%) G B, OERA & 24.6%. FIROER A & 25.2%., T E OB R4 b
25.1%., B R E 25.1%. BEp A EN KA KA, LEFRA P SR, Sk
NEEHENBRRE R K.

LR
292\ 24.6%

SEROIREA
300 25.2%

BOER—A
298 A 25.1%

SR R
299A 25.1%

E 42 ZRWBR BB EL BALF
- 28 -



RZ, ZMREFFEHENGEAGEEEE —HCHEL 63), WiIET /M RNRENKE;
R ERT A HRERREREANE (20.03%), RIA T ZEENERERA; 50.2%HFA 4T+
B R ERE R AT, ERK AL MELSEHA P ERE T

EMELZRAFATAET

AR AAEHRCEEE (JEERE. TEALRR. AP RaNECRASSE.
WAESHAL, (R ER) L EHERF TR, FARBIEAME. PCA # i X #6 R4
FEERADBIANLTE RN E RS, B ERABERG R G L PR T LI EE,
BARMER ik R B0 B35 4 #EAT Z-score B L Ik B REEH, A BB 7 £4
Ve St HEATRAEE 2 48, R3E R AE 77 2 £>90%80 )R N # 2 R H By 2 o N8, &EEL
RN ELEEN E RO TR EENET: —RRARNEE T B ERTEM,
ARG FAE - EFUNGEHROEET; £ EEH K-Means REME 6455
MR BEIE 2 By i 2 Al = R 1t PCA AE i 4 S 48 BURAX, 8 % = WAL H R = .

BNt P _ S EARSAERS
A HiE BeRie Ry 2-scors iR 7y £ A R

RHEEAEL L gob) s

Af SHEREAZI AR ,
s S TS TS el
2 &

BERB 2 37 o o B

F pax-aopiclic (S

43 ERAHH (PCA) HREFHEE
(—) P MENEHEMLE
FERA M (PCA) EHEBILELEEAR, AANMNHEECEEZFRRBENZCEH TE

H, BREEEFEHXELRRIE. RN ANEESREG 2 HATHFENLE (Z-score
RN, HERERZR, HAREEEZAPCA FEAILE.

- 29 -



(Z) E R RIEME

PCA R TR, §—F ko (PCl, ZaMFCERET) MEL T Z1 54.04%, HHEK
EETsTHEMER S, RANEEEARERLNE, FE-NZIUEN"EEHEE
"HF. FZERS (PC2, BANE S FEHT) % 10.18%, F = E &y (PC3, HANE
BGRET) B 9.56%, FM LRy (PC4, RamitlarEHT) #BF 929%, FILERS
(PCS, HNEERFEHTF) BF 8.64%, Bl AN E ko Bt 91.71%, B #31 90%H %
B E.

R 42 ZROAMEBFER

ERS  REE BEFE (% BHEEFZE (%) % R
PCI1 3.245 54.04% 54.04% GAMBERET
PC2 0.611 10.18% 64.22% AN BT
PC3 0.574 9.56% 73.78% HECEEREE T
PC4 0.558 9.29% 83.07% B sh a5 B F
PC5 0.519 8.64% 91.71% NS E o7 BT
PC6 0.497 8.28% 100.00% —

RRERE (%)
60

54.04%
50
40

30

20

10\18% 9.56% 9.29% 8.64% 8.28%

PC1 PC2 PC3 PC4 PC5 PCé6

B 4-4 £ RA- oA B 5 @B £ b &
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(=) ZE B30 AR i3

K43 HENERLDRITERE

®E PC1  PC2 PC3 PC4 PC5 ANy 3+ 4

JTERKE 0391 0799 0352  0.070  -0282 HAEHA
ST E N R 0412 -0.041 -0.562 -0.406 -0.332 AZEEAE
J P R fE 0420 -0216 0.065  -0.464 -0.087 RsmEHA
FPAE 0.402 -0.481 0.660  0.014 0032 AExz&A
g 3E A 0418 0.184  -0.194  0.025  0.866 " FhHLEALA
fT# B R 0.406 -0.218 -0.290 0.784 0226~ EREHA

F—F B4 (PC1) y1=0.391x;+0.412x,+0.420x3+0.402x4+0.4 1.8x5+0.406 X6

FZFRa (PC2) y,=0.799x1-0.041x5-0.216x3-0.481x4+0.184x5-0.218x6

F=F A4 (PC3) y3=0.352x;-0.562x2+0.065%310.660x4-0.194x5-0.290x6

B E K (PC4) ys=0.070x,-0.406X,-0.464x3+0.014x4+0.025x5+0.784Xs

FHF RS (PC5) ys=-0.282x1-0.332x5-0.087x3+0.032x4+0.866x5-0.226X

% —E ka (PCL, 68 OB T) F AT A ~ M E i8R 3 4 IE 18 (0.391-0.420),
HERAEREAT, WIET PCl EAEEHFCERMEFHEE, X+ WEEHN
(0.418). AP BAEE (04200 Fofi# ZR (0.406) % PCl &M H&E, WHHX =%

REGHEFHCENBOME. ZERSRAENE. REGERSERAELR AT, B
WL B 5 AR 5% A o A L — B

£ _FERG (PC2, BANESFHF) ZEAHTNARSMEE, | ERHEEAR
& (0:799), WAFAE (048D FffH#ER (-0218) #Hfr 4, XK PC2 RET“#&
RBHERERAWHEE RS 7. BoRAFEX ERHENTH, F—H2RAFNE
KESENBERANE RS EMHR,

® = F R4 (PC3, MEZMALSFEHTF) WENHEAER S A EMNEREFH 2045
. HMEME L, AP AEEPC3 EWE TR EE A IEC0.660), M/ 4 WA & i (-0.562)
EREREEA, HH PC3 HEFMEEENANEIRS, MAHX—FERT AL AAZIL
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LR R T R E AR CE L R — e A PRI A A RN E,
RXAHRAFRER; #—HoRAP WA AERERE, FREEREEZZZ-AT,
b N\ AT 5% SR B

FWERS (PC4, BRAmiflo FEHF) EIHEBREAMEINT 54T 7SI 2K
BAE, T HERAEPCA LN E A REEAIE (0.784), WA F BaiE (-0.464) F1/ &R
2R (-0.406) EFHBR. XERAMH) AP BAM T ENEFRE R, EHLEE A
FAERGRE SRS, RBEAETHRE, 2ERRTERR Al EERAAEMN
BRWE R, CHFAIHEEFTRER, Rt EfmGEMLEFE, KAF HMEILTH#
A SE IR AT K BB AT

FHERS (PCS, ANESESRE PRI T UWEANBHGEE R HOES .

Mg EFHHAE PCS LB MR E H A E (0.866), | & N A& RERKE A MEM (-0.332), |~
ERHEF N E (-0282), RWHAIH R P WEHNBIVER AT RRESE, F—Ho
RAPMNSERBRETHARE, %o LRHER B RGBT REFEWLIER, 5# 2
NI EAEBFEERBITINHBRZERATHA. X—MBETERRAL EFHHATALAF 2
AIRBRH A G R ERN W ZRAR B A P R BAR
Wheik, WAEZFEA P N F & FE AL Ak 22 A o — 5 1 5 H NN e AT
o

¥

Rz, B—E Ay (FaBFwBEET) MR 5404%8 £, IEEREE{T —F
EHBRCEAT; FZERG BANELRET) BE1018%E 7 £, BT HROE)
FET, AERR AL EE ERREFNEREZ AHATEFMAUEFEEZRKE; &
Z xR CHROEARET) BB IS6%E T, #—F BRI HF CBERE T
RAE; FW R Rty RET), BBETZE 929%, EIRmMNEINT AT AN
Wt o WAL, BB ERD FINSELRET), BB E 8.64%, KRIGLIHLIZ)
AR ESHOEGR, RARFP ALY EREEH RN RERZEAGEECEE R
B, RN Al ERERLEEME FREEAGRALENN BN E = ZFELER;
B S MERSBITHEE OLTI%MN 7 %, BMEFREE.

=, AFEREFAE

RPAERRAI#FNM N EWREERXBERAAT R, EXNAELH R
TR M Z . K-Means H i BT F/NUENFAMEA B4, TFITARE
A, EaxAp R TRERINTEESE. AERTHEA: U PCAFENEH A %EER

>
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G AL, B K=2 £ K=T7 k& R K%, X% 5 R4 (Silhouette Score) # € & i K
B, ABNBRARKRERATERSN, WHERELEE LWHEEEL., HEWET:
—RRAHEAEZRNMEENERR P HEK, —EA SRR TR REFENE P 2 BK
%, ERREBHTTEBERGEZEZRMN ENE R KK,

AL . S A
g S BBk K-Means! -
FRZSER 7 mame T mhaake © BEO N
&<
s NCIE BEILES

—EH

Cm. - THEERe < GEMREE <\ PDSBER

’ B RERRED < (7, RAHEC
o

BB o paprEge - m%e%«

B 4-5 K-Means BR E - mEE
(—) LB EAN L HE

K 4 B8 & % (SilhouetteScore %4 & st K$. #H K=2 EK=7, HHELEKETH

IBREEY
04
0.347

0.3
0.231
0.2 0.181 0.183 0.189 0.191
| I I I I
0
K=2 K=3 K=4 K=5 K=6 K=7

& 4-6 K-Means REB B R K EHRNIRZT 4

—_
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HRER, K2 H#E A mE (0347), ELE A EREAK GV 5T MEENE, #x
K=3 (B EZ% 0231) HxhEERE, AR BEREEROELEE FFERARN =24
M, ZARXTRERIERKREZRENER LT EFH 57 EBEKE.

(=) Z (A F BREE AT

EK=3WREERT, #1189 LA P o A ZRBEK, 270 & RMBEN R FE K
PR, RAARER,

a4 ZKRAPBREENEE LRBER

R A A R R G A KR mHLER

R (N=600, 50.5%) (N=375, 31.5%) (N=214, 18.0%)
k&4 4.265 3.370 2.150
DN SN 4.123 3.223 2.257
FPAT A 4.330 3.300 2.080

FE 1. BRAFENERF (505%). ZEAFPEFRAANINEE LR EHEIT 4.0
R EA AR Al MEWR, EWNEE LT 58N, XXRAPFZEKRN Al T E0EZQ BT
BR, BAREWN EBEYE. RBNEIHN AR ARATHEER.

BE2 o ERAFIEAF 31.5%). ZEAPEMAAE LB EEFE 31342
B, MAERRNAL EFFIAE, BARASEFOUIEEEN. XEA P BBANELY
EAK, BIBEAZLR G MEEERS, FEREAERAEHRRITHE,

Rk 3: (KRAMEARF (18.0%). LA P EFAEE LNHEHET 2.5, M &
AR AL SR ERIR, SEMRMER, WEHHAMNRERLGA TR FrarEx
AP, £RX AL EWZCKEN#FRERTRE. RAGEE,

Rz, RPBREEHFCELRIHATH =484 (K=3 &), 50.5% K% R HEH
B, 31.5% A< ERAF LA, 18.0% R ER". ZKBEE~NEE LHFAL
DEZR, RTERCEZPEERR )R P RBNEOK £,
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MR R AT AL
e R SR A

RFEA R E TR AR R EI KA, 6% F B AR E R A
R RKAN . REERFTER: UNRTRNFAEAREERAF — 20 B EER”
ERARRER"TE, WEFARESH P HECEATINE &, R RAREN 4T L

W a, KA 8020 PEAMKEA AUC EXI P EER R, ZEWAET: T EENUE
G E A REROTNTTE, RA SRR E & — & &R RBRAEFANEE,
AT ERHEHRTRENAGZSE, —REAEEERFIERRBELES S, ET A
BEBAEEWRT L TINES.

HARIELIE AN R
s NN R
Lyl BT B

HHHEEE — = b TR R

B 4-7 RFR G RN ERE E

_-:5:

DUAH % B BB A2 (3.60) NEME, KA/ 2B EER S RERERTE,
DRI EANEE (T ERHE. T EREER. AP RHME. AP AE. WEHND X TN
T B, MEREH G EEA, kF A (max_depth=4) 72 IR & _F 3K 5] 69.75%H A # &,
AUC1E 4 0.7278., HE & T 25 T HAE N 50%%E %, AUC HEET 0.7 19 R4FITFE
IR, T A 5 R R A TN AR

REMNKMEEERFFE R, APFAERREZNTINET & (EEH 46.27%), HXK
TG FEFHHL(20.74%), F 2 R AL (17.35%) . ) EH K E(8.74%) F1 ) & A & & 1 (6.90%).
REFAMHERMMHAFEHE—BATERE, MEHLE. SR MELER,
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50%

46.27%

40%

30%

20.74%
17.35%

8.74%

- : -

M=t FP I E AIEGE AR T

Hﬂ\ﬂ]

K48 REEEMHT

REMBERN ST ERBUT AP AERNHRERBTONE T X —BOLA. &R
KA, BEKRK AL EWERZEY, fARA PN FWNERSE (WRBIKRE EHE,
EREANR. HBRAZNE) R FHEURORAHEE, AHRETEERUWT R
BB EHAK.

, REMAER DL 69.75%8 Mk B E#E Fn 0.7278 B9 AUC EA KN % ER;
FPAE (46.27%). WEFH(20.74%) Fo i P BEEN1E (17.35%) FEHEALE Z M A
BHl, AN HERFAEBE— T ERE, MARNERL., NEARESEELTEEREA
R o

. AFPwmEENZEEE T

5 AL (SEMD sE4% Bl B 61t £ K B AR Z, Ko EBEMNERERN, £k
BB 5 SR R IC B AR B a5 7 ik o R (E R 77 vk A AT SOR R M- R M BB AE 2,
K ERRENTENEG RN ERE, AP RENE. AP SE. WEHNLZEA
FNEE, NFERREARAERLE, MREAS AR ARBEWENTE, XA L THE
137 B 4 BR#ATSHEN, HEREABEREK (B AR REK (R, HFEIEENK
Mo A xgF N BEnEeRE. ZENET: — 2RO AHEBE (HI-HA 25
BROL, WNEBENDFMEETE; —EEMNEERN GEERMH AN, RAEEZELS
WEEREMFRE; Z R SRURBEREZRERE, HIFAXRERERERAATA
BT TR B DL I & AR A LR T .
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= R NEHDRE-

EipiRA
R Bt SR RILE
Rt
FRES IF L manumee e

B 49 LK FRAR A AREE
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# MELFNEEL. PARERE. BRUE=MBRAR

1

2 print("=" * 55) @
3 print("FItEoEMERE — ZHIESEML") s

4 "

5

print("=" * 55)
# Bkl HREE v
6 equal_w = np.ones(len(dim_names)) / Len(dim_names)
7 index_equal = dim_norm @ equal w @
8 print(f"\nZiVE%: #9(E={index_equal.mean()*100:.2f}, #7EZE={index_equal.s 1%
9 # 7iE2: PCMYEL tc)
10 Lloadings_pcl = np.abs(pca.components_[0]) # PCIEFLEHE Q
11 pca_w = loadings_pcl / Lloadings_pcl.sum()
12 index_pca = dim_norm @ pca_w N @
13 print(f"PCARYE#%: #9f8={index_pca.mean()*100: .2}, ﬁ)ﬁiz{index«a)\d()'loo: J213*)
14 # FE3: BEETERBENER) %
15 def entropy_weight(data):
16 m, n = data.shape \
17 col_sums = data.sum(axis=0)
18 p = data / col_sums[np.newaxis, :] O
19 p = np.where(p <= 0, le-10, p) O
20 e = -np.sum(p * np.log(p), axis=0) / np.lo
22 return d / d.sum() Q
23 entropy_w = entropy_weight(dim_norm) %
24 index_entropy = dim_norm @ entropy_w

26 print(f \n{ 4" :<20s} {'HENE"; 'PCARRE' :>10s} {'BPUE' :>10s}")

25 print(f"&HUE: 9E={ index_entro%m)'mo: .2f}, #mEEZE={index_entropy.std()*100:.2f}")
s}
27 print("-" * 50)
28 for i, name in enumerate(d"_ !
29 print(f"{name:<20s} {e i1]*100:>9.2f}% {pca_w[i]*100:>9.2f}% {entropy w([i]*100:>9.2f}%")
30 # BOFIRRAROSIENERR

31 score_equal = (index_equal -~ index_equal.min()) / (index_equal.max() - index_equal.min()) * 100
32 q25, q50, q75 = np%ﬁle(score_emal, [25, 50, 75])

33 print(f"\n3 4% (Es {q25:.1f}, Q50={q50:.1f}, Q75={q75:.1f}")

34 labels = np.wher re_equal < q25, '{ROEREA",

35 “where(score_equal < q50, 'dR{EEREA,

36 np.where(score_equal < q75, 'ShE IR, 'E0EE)))

37 for Level im['{gli‘&%iﬂ', "PEOERA, 'PEOERA, 'SOERA']:
38 county= (lal = Level).sum()

39 prnt(f" : {count} A ({count/len(df)*100:.1f}%)")

S
(]/Q
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# PCMES: MHERUERIRER6 N EM S
from sklearn.decomposition import PCA

pca = PCA(n_components=6)
pea.fit(dim_scaled)
# HEETHSBBHESEHAE &
explained_var = pca.explained_variance_ratio_
cumsum_var = np.cumsum(explained_var) @'
print("=" * 50)
print("ERDATER")
print("=" * 50)
for i in range(6):

eigenvalue = pca.explained_variance_[i]

print(f'PC{i+1}: $5fEfE={eigenvalue: .3f}, f2FF5Z={explained_var[i]*100:.2f}%, Fit={cum r(i]*100:.2f}%")
n_components_90 = np.argmax(cumsum_var >= 0.90) + 1
print(f"\nf2FFO0%SERFEEMSIE: {n_components_90}") ()
# RIEAEEHTEPANEETPAHF) Q
Lloadings = pca.components_.T
print(f"\n&&4ER A3 TERS):")
print(f"{ 4" :<20s} {'PC1':>8s} {'PC2':>8s} {'PC3':>8s}") ‘\®

for i, name in enumerate(dim_names):

print(f"{name:<20s} {loadings[i,0]:>8.3f} {loadings[i,1]:>8.3f} {Lloadi i,2):>8.3f}")
pcl_loadings = np.abs(Lloadings[:, 0])
pca_weights = pcl_loadings / pcl_loadings.sum()
print(f"\nPCMRE (BFPCIEFLHEA—1L):") \
for i, name in enumerate(dim_names):
print(f" {name}: {pca_weights[i]*100:.2f}%") O
# HEERSED
pc_scores = pca.transform(dim_scaled)
print(f"\nPC1i§5345it: 9fE={pc_scores[:,0].mean(): .4 == { pc_scores[:,0].std():.4f}")
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1 # BHK=2~T, BEBIRBRBMSSEEFRIMEI

2 from sklearn.cluster import KMeans b
3 from sklearn.metrics import silhouette_score &
4 K_range = range(2, 8) (b'
5 inertias = []

6 silhouettes = [] s

7 print("=" * 50) v

8 print("K-MeansEE S — KEZEE")

9 print("=" * 50)

10 for k in K_range: ()Q

11 kmeans = KMeans(n_clusters=k, random_state=42, n_ini

12 labels = kmeans.fit_predict(dim_scaled) @

13 inertias.append(kmeans. inertia_) ’\

14 sil = silhouette_score(dim_scaled, labels) ()

15 silhouettes.append(sil) %

16 print(f k={k}: B (SSE)={kmeans. inertidy: .1fT, ®ERH={sil:.4f}")

17 # ARikEHTRERE

18 best_k = list(l(_range)[np.argmax(silm@

19 print(f"\ngx{K{E: {best_k} (EREL (silhouettes):.4f})")

20 kmeans_final = KMeans(n_clusters=best_k, random_state=42, n_init=10)

21 cluster_labels = kmeans_final.fit predict(dim_scaled)

2 & BEE: gﬁzﬁrgtmssm%

23 print(f"\nEREEHR (K={bestk}):

24 for ¢ in range(best_k): %

25 mask = cluster_lab c

26 means = df[mas N

27 pct = mask.sQZ}len(df) * 100

28 print(f"\n B&Yc+1} (N={mask.sum()}, &Stt={pct:.1f}%):")

29 for name @m_nanes:
30 i

i {name}: {means[name]:.2f}")
31 # BARG REIRIBRE)

32 centers_original = scaler.inverse_transform(kmeans_final.cluster_centers_)
33 ppfet(f\nBEdl (RBRE):")
34 for, ¢

(} in_ramge(best_k):
35 p@ B2 {c+1}: {centers_original[c].round(2)}")
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# REBREEPAHR -0, HaE/ MifE
from sklearn.tree import DecisionTreeClassifier
from sklearn.model_selection import train_test_split, cross_val_score
from sklearn.metrics import accuracy_score, classification_report é
median_pay = df['{4% % "].median() &
y = (df['{S#EE"] > median_pay).astype(int)
X = df[['AIEZERARE, 'T"ESRZTHRE', 'BREANE', @’
'BAFSE', 'WEDHH']].values s
feature_names = ['AIEZRABH', 'T"ERTHE',
BREANE, APSE, WRE] ?*
X_train, X_test, y_train, y_test = train_test_split(
X, y, test_size=0.2, random_state=42, stratify=y) @
# JIERARER (max_depth=4) HiT{EEHE S5 RIIE
dt = DecisionTreeClassifier(max_depth=4, random_state=42) C)
dt.fit(X_train, y_train) Q

dt_acc = accuracy_score(y_test, dt.predict(X_test))

dt_cv = cross_val_score(dt, X, y, cv=5, scoring='accuracy').mean() @
print("=" * 50) \
print("RFIHREER") ()
print("=" * 50) %
print(f A& &K= {dt_acc*100:.2f}%")

print(f SifAz RBIEEHE: (dt_cv*100:.2f}%") \

# BIEBUHFSERS O
print(f"\nMFHEEESEHF:")

dt_imp = dict(zip(feature_names, dt.feature_impo 7))

for k, v in sorted(dt_imp.items(), key=lambda™x: -x{1]):

print(f" {k}: {v*100:.2f}%")
print(f"\nZ&EKRS:")
print(classification_report(y_test, dt.predict(X_test), target_names=['{E{IZEEE', 'SHEEE']))
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# EXImEREEASTREHR
from sklearn. Linear_model import LinearRegression

L -

betas = []

Lr = LinearRegression()

def standardized_betas(model, X_df, y_series): &

6 for i, col in enumerate(X_df.columns): @'

7 beta = model.coef_[i] * X_df[col].std() / y_series.std() s
betas.append(beta)

)
9 return betas ?‘
10 print("=" * 55)

11 print(“EHAEER (SI) BESLR") @
12 print(*=" * 55) ()
13 # Path 1~4: EERHAMNEREAEHTERECERERY

14 X1 = df[["AIEEEASE, 'T"EREHRE']] Q
15yl = df[' BFE0HE") 4 @

o fitoa, y1) AN

17 r2_1 = lr.score(X1, yl) ()

18 betas_1 = standardized_betas(lr, X1, yl) %

19 print(f"\n[Path 1] — EPEMNHE (R* = {r2_1:.3f K
20 for i, col in enumerate(X1.columns):

21 print(f" {col} — FAFEEEME: p* = {he a 3f } )
22 X2 = df[["BFEHNE", AMEZEAEE, E

23 y2 = A BPEE'] \Q

24 Lr.fit(x2, y2)

25 r2_2 = lr.score(X2, y2) ()

26 betas_2 = standardized_betas(Lr, u@

27 print(f*\n[Path 2] — RPSE R1= (F1_2:.3f))")

28 for i, col in enumrate{!:.cu@
29 print{f" {col} — FEF * = {betas_2[i]:.3f}")
0 X3=df[['AFSE", Y, TEARBEE']]

31 y3 = df['T9=ZEH"]

32 Lr.fit(x3, y3)

33 r2_3 = lr.score(X3ay3)

34 betas_3 = standardized_betas(lr, X3, y3)

35 print(f"\n[pa Mxapfl (R* = {r2_3:.3f})")
36 for i, cw&e rate(X3.columns) :
col} —

37 print[f" BIEEH4: B* = {betas_3[i]:.3f}")
38 fIl msnm 'HFSE", HFBHNE]]
39 ;*4 fiE

40 Lr. fit(x4, %
41 r2_ 4= C X4, y4)
4%&33_@3 ardized_betas(lr, X4, y4)
43 ri ath 4] = A@HEE (R* = {r2_4:.3f})")
@ for i,leol in enumerate(X4.columns):
print{f" {col} — &HEE: * = {betas_4[i]:.37}")
6 print(fU\nEEMEIIAE (XEEETE) ")
T B jEHEMEIOEE: R T EFERIEMNA
43 indirect_1 = betas_1[1] * betas_2[0] # "EAEFHE—-EH-HE
49 indirect_2 = betas 2[0] * betas 3[0] & EH—-EEENM
50 indirect_3 = betas_2[0] * betas_4[1] % BH-HEE-HE
51 print(f" ERBEHRE-FAONE-BAFPSE: {indirect_L:.3f}")
52 print(f" BPREENE-RPSE-BRNH: {indirect 2: .3f}")
53 print(f" MPEHNNE-AFPSE-SHESE: {indirect 3:.3f}")
34 print(f"\nfE S8HK: BX/AE — BH - 8EF - o - HH")
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HeHE (BRFD)

from sklearn.ensemble import (RandomForestClassifier,
GradientBoostingClassifier,

VotingClassifier, StackingClassifier)
from sklearn. Linear_model import LogisticRegression &

from sklearn.svm import SVC
# ERARMOBIENS, MEEREE

print("=" * 55) @
print(“BAEE (EHFS)) BREEELL") s

print("=" * 55)
# EXOPMEFIE: FEYIHM. GBDT. FIEEII. SWM ;?‘
base_models = [

('RF', RandomForestClassifier(n_estimators=100, random_state=42)), @

('GBDT', GradientBoostingClassifier(random_state=42)),

('LR", LogisticRegression(max_iter=1000, random_state=42)), ()

('svn', svc(kernel="Llinear', C=1.0, probability=True, random state=420

]
print(f*\neiEmpLeE: ) ‘\®

Pf'f"t(f"{'iﬁlj':dOS} {MHERERE " >14s) {'SITCVERE" > 14s)' ()

print( * 40)
results = [] %
# EMIGEFISBHTHENHEERFES5HRZRINIE \
for name, model in base_models:
model. fit(X_train, y_train) O

acc = accuracy_score(y_test, model.predict(X_t
cv = cross_val_score(model, X, y, cv=5, scori
results.append((name, acc, cv))

print(f"{name:<10s} {acc*100:>13.2f}% {

# VotingsEpk (BRE)
voting = VotingClassifier(estimators=base“models, voting="'hard")

voting.fit(X_train, y_train)
voting_acc = accuracy_score(y_tes
voting_cv = cross_val_score(voti
print(f"\nvotingEpg iJﬁt#

# Stacking®ERL (BEEEPTF
stacking = StackingClassi
estimators=base_ ||odels

f |nal _estimator=L tlcRegressmn(max iter=1000, random_state=42),

.predict(X_test))
2y, cv=5, scoring="accuracy').mean()
ting_acc*100:.2f}%, 5frCv={voting_cv*100:.2f}%")

stackmg fm,& y_train)
stacking_acc = uracy_score(y test, stacking.predict(X_test))

stacki = cross_val_score(stacking, X, y, cv=5, scoring='accuracy').mean()
prin&adin : A SR ER={stacking_acc*100: .2f}%, S5#rCV={stacking_cv*100:.2f}%")
# GHET: RUHRRE

prin€(f"\n

best_tes ults, key=lambda x: x[1])

print(f' Y/ AREIERM: {best_cv[0]} ({best_cv[2]*100:.2f}%) / Stacking ({stacking_ cv*100:.2f}%)")
print(f" MHFHEE: VotingBRARFMERE, BIBEI3/StackingREZILIZEE")
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2t
—. HREE

MHEFR, £ER Al HAZIIE ARG, RAZFE MM ER AT A A& P
E##EE, ®a)) ET L TR AR E? B T ERAT, FE T ERATAE” @I
RERFRL. AEEAENEATT L LT &, KERBBANWHEZRERR S EARF
AP, HERK AL FHAENEERET S EEEREE £AK AL B3R &
ERAEG R WB, EAERE “FrER” FHR, T EHAEMUE. REL X
R APHFRAFRE TN RTEF VAW RERMEL ZRARS T RES &K,
RUAFPAERE, RAT ERTEMKR, &7 0BT £ 7 it

—. HRXAR52TUHHA

AR RS AFE T ERR Al EERFEHIRN KA RE. ERAHLZY, K5
ERFHIMELIT, LEELTETRARREF I FERLT SRR ALK
REPHT, &BERLHBLTEXEFER, A W ERTA SR AT AEATR T,
LI EE AR RERNTUZ R, Sihg FrE (PCA. SEM. &K ¥ ) M 4L
K, B X E RS FENRE; REERTNME T HE R RF I F . SORYE
WP EAEATR, URE R0 R BN E MR IE. P W& & A7 mEE, 7k
HER ML RRF AT LT TRRERT.

i

=, EBRIHREHE

RRFRER=ZLMHEERASN ELE—FAQCERRIR LR, R ERHE.
FEAEER, faARENE. APSE. WESNEEE SR, XAPNRERS £
WERBRE, B_FARTTNBMESR, TR EXE. AP &EHA. mHFH.
MREBETHATAZR, REPZH A&, EHMRNECESR; F_FHVBRBRIELE
BB EL, 8 SEM, &t r BEREE AL SR ML FEHE, RKIE K-Means H kX5
ZRWRAPRE, BRNEFIREETNA P HRER, EWEIEAE KA AL BET#HF
YT & AP AR B T RUR .

BEITRENII XIS REEREET, AR AEF AR —ANAE, L EA
/\JNf RPA2.7.13-beta, JEEL Al 4 s #& MEA) SXT A9 - Wik, SHEE. WHE
F#E XPath E AN FHHEF R, B EAE 7F XA EREELX, EEX
EAN, HEHBHIR 37030 FHBFR . RLBELE ER7HE. ) EAEER. AP R,
FRPAE. MEAN., {FHFBERNKEEM T T K NEE B RLR I EERKEF %,
B8 3L 4% 5 Python KA 5 & A1t 45 A 45 M # .PCA . K-Means . 7 544 J 4 # 77 42 £ AL (SEMD
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EHik. RMEMTEBEE (SEM) MR ERYMB AT ez, BEZMES THEMH
KpEww X, BHBEBEESHE, FXXBIERME. KELMILTRORE. BRGERL
JE SRR T IR E B AT MR B K

. AT 3B T E R A Bt A

TR 7% 312 F, DeepSeek-V4-Pro-0813 hR A 44 i 15 48 Byt AL T B, H ELAR v Bhsie B 4o
T (D FHRERMETRRE: E# R TEEE AR SHKE, ATHRAETEMELEHE
BN, WENR AT AL, kS ERAEBASE N (2) REERBEY: & Python
£ Stacking & BT, St MEE LR HEFEGCERZN, BOEFEZH AV FHiE T L2ER
AL R (3) XARRRMNSE: MHEMER T 2KETREXTEW, EFREFF
AL BEMEAEREFHERART. B ERT B, RERREZEMETSEHA
R (EEFHIFT) BZRER.
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