= T1ES E RIS DOI: https://doi.org/10.58244/jswv.263981
2025F 12 A o2& E2 M Vol. 2, No. 2 ( Dec. 2025 )

« LW »
SERAHELEYE: #Hig, B S5EH

SR, AR EIR

WE: %%#llﬁﬂﬁ%ﬁ/‘\*‘%mﬁ/J%%ﬁiﬁléiﬁi%i&h\?ffr M AR 3 K HAR & R

M5B REERME, RFARXRE “ERMFTHMALLF” ER méé\%? 4@’(%‘%%«1‘%7
BAr2 M % (GCN/GAT). B 5424 (LSTM/Transformer). 4 4 \#Fr A 1’4‘\4/71&55;,‘%411
B, MR EMAANKATA . PRARRBEENEZAESH S RE %ﬁ%% i TN
Iogae sk CEEAMAF., T EEF . REE T A ELEMH (-Ft ié’m‘i £ Taa,
FiHH ), ZAERKEALGT A, 255E, A8 ESBEOHAFHARLATHALTE, 7
XFBR TR BTt XFEAER (A5F5HMN, ARREEMRSH. BT
SRR AE) BATHE R, FAEABSARTATARERFEHETREIERIE, A5
KA N B ARG T AL A F RS T TER G T AR Z.

X4eE): SRIRGAERF: THARA S AvERL; THEALFR: BEGA
AAS B #: 2025-10-15  F A B #: 2025-12-15

—.5l5

SERSHE2ZLBN TR EET IS8, B EY, KRESREAM]
RS, A FE NITEEE, SACERRS U T E BV MEAEE, RETIRS
Eﬁ MEE, WML, AL BB ENHEE REL DEE SRR, A, EE

BT HREME, SREIEHLS T, BRI AT IER T AERKE R EZ,
@ﬁ%%ﬂ“ﬁfﬁ%?ﬁ&ku AT, BBV 625 MEhAEN FE e R R H 22T,

SR, HEASREE N TR RREZ L R TR RyuE. R

i, IR AT T IEMIRE S BN EAE BB MR IR T3, I SR IR

R AR GRIEL), ARFEXFARFR, HiL: RIER, AFFEXFERTMESERRSFART S, B,
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PERFE TR AE [F) DU A7 0 S5 AL (Lazer et al., 2009; Salganik, 2017), & JEAT HE N B[
HEBHUR, RAREGTINEHEMLE, FHIBRA Transformer SFHRMEITEM LS
Bty &,

R, MAZRZ WKL), SRZ S5 FROMS WEEEAR, fERE, 25
) RGO, FgEiedr 25" “AEdg” MR SR = KFEE,
FARIRIG AT TR, AIRIERIRIKZTE R, Bitt, R — DRSS 2 e 5 TR 5 5] AR
RIZRERES,

ARt “EBRIRS T REASY” IS, SENZRFEEEL L, BERRTS.
PP aes, Eeheilgs, BERIMEW S 2 BRI ESEE, RSRRS 42 FEICHEE
LSERML, BARRRIMREREAR, S5, HEMKEFROZRRAREESHN
1, FERHE AT RS e BE PEAE S IR R S5 B RE R ST RS BE(E

LB RLRE S A IR S5 T B AL 2 AR

(—) S uBlie Je o] T RAE R

BRMFHRZZZHMRROESE “NMS5” “WHTHH” RSN =K E
o PRR TSGR PE “GYHEE" FEZILH], Rt = AR
ML, FES M A RS shan e ittt R BER 1, il o Al f MR S T2 AT
NN LS, BORZHES B AL REERI A4S R (Coleman, 1988; Putnam, 2000), X
LLREON RS IEAT N IR A T IR SCHEZR, (B GWIFRIIRIE S VK, XE DU HE I AL,
B X 322 e MAH A R B, S ERHART = R Pt S 3 ES 58 (Wilson,
2000), EH TIERSHTIERNZIERE

(=) BEMRSS THRAE 2 A

Ak, ERERSFa. HRERS TGRS, FEEITNERDR,
mEER, ATEMA. KM, ZBESEEE GEMHDR. RS HE, SORKREBL HAMEZE) N
SRSV ER “BEFR” Q& T4+ (Lazer et al., 2009), fEUHE R T, ABF7REH
CEEMmRS T EARY, HOBEER: B, BERREINEITENEEPEEE;
F, HEHAMENERAREIESE X R SIERE; $=, NHARREDTHNLS XK
RMZE; B, BT NS 0BT RBORERLL, ZHESRK ST AN EIESH, Z2BRIRAK
g, FREEd A T R T RIR S LA,

) AN RIOR

NERDAE S T R B, AT A RIE, Hldl, EES5RRN— P24
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RHIEM &

[, type
oP(e)
vintensity ( t)
v;(t) = U;_iuration ) (D)

U?etwork(t)
_vlsentiment(t)_
Hrp, BHEEFEE ORI, WRFHIIREN, RN 5TE R 577153515 (Blei et

al., 2003),

2 AR T IE IS B LR R 25 48 B T A =R R (Hamilton et al., 2017), X T&EE
EHMLE G=(V, E), HNRFRREHN

KD =gl Y woR? |, @)
JEN(D)

MR R BEAE) “BREE" 5 “FeE” RHMERM AN EREAENE (Burt, 1992),
LHEURRE N P IR 55 SE R RO T (), Hob NS HEUR, T H 2R 508

IMIFR R,

=R R BRI, SRR

AR RR, ZERRTFREREZR, WEBER R, NPEE, MBS R/FEE
T . FrA A DAGE— R RS B Bhtt,  SCREMIOMAT 9 30 2 M AR ZS B ER & HE R,
(—) BERABIER AR
SREAT B S EMAIER (IRENK. 25000, Rk (WEMR, &
DA Mgg R (MME. RIB). NREZIRER, AR THRE:
AR BIES Transformer i iE A& ¢, (Vaswani et al., 2017);
BEFSHLANRERRBLEERMEE (GCN) HRIZEMRA g (Kipf & Welling, 2017) ;
BEARITHRE (58, mE, NKE) WlnE v).
B EERSES, AR FRSRIEIRHEDHE b gt — A & -
z; = [v; t; 94, 3)
N e S S R A E TR R A

5E
N—
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() A SRR : BT R A 55 AL 2

SEATNEGEEA &4, ARG, OIS MR R, TR B SRR ARIE S Ak
MR E /%M (LeCun et al., 2015), BN, ERARS XA RIGEAIEL Transformer gmfd, HZ
SKIER INLHIGERE MASFE L 4E L2 SHZUEA T (Vaswani et al., 2017); EREHFIR
S (Z5HR. BIRREEL, TEXRFY]) AIAIH LSTM 8 B ER I (GRU) 2,
DU BRI S M X2 58 (Hochreiter & Schmidhuber, 1997; Cho et al., 2014); &J&
B2 A MER R AL RIEM L, MRS GON BEER /1M (GAT) 7 Hr i EsRE.,
WMriz i S5 EgE  (Kipf & Welling, 2017; Velickovié et al., 2018), IX LA AE T T
REJ), Nt R (SR, MEfkeEts) TR EEE

TER—HIFRRT ] z, FIEA -, DUR RISzl I 5 A A & i,

XN TEEARSS BRI, "IRAZEBAWL (MLP) EEE4EIEZkME XA (Choetal., 2014):

Pi=o(Wro(W1zi+b))+b,). 4)

NTIRSSHoE, S 5HRENBMECEE, AIMEHFIIEE (LSTM 8 GRU) 2
5HE (Velickovié et al., 2018) :

h=GRU(z,,h, ) (5)

AL N EET B &M, RAICHE RS, WY S S EBTEMERA, A
M A UM HE 2 5125 (Goodfellow et al., 2016) :

ELZJJ,- log;. 6)
IXFP R FEA AL T — DR BRIRE S S F RS, NEEAT ARSI, SiES
BASTEACHEAT 2 M 2,
() BERIHE: EEE VLA S HERIL RN
N T PSR IR S G EA A R, ARREN - DNETRER RS BEMRERE
ESILEAE, ROEERGEEREEEBRE, HARRKEMEZERKR (Newman, 2010),
FIA F 20 RAN T,

®1 BEFEPR

Algorithm 1 F &85 -(F 5% VLA 5%

Require: B8 & LR HEE {2}, E£FFRAEES {p;}, HAMBIHRA (g}
Ensure: VCECES FHE M

for B EE ( do

HE AR it = cos(z,,p; )¢

TS R IE AL R Sfjrg = cos(g;, gj)@

Zefnr: ¢

oy =

Sy = asit + Bs; Y (7)€
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i
Algorithm 1 &8 & - (£ 55 ILAC H ik
5 end for<
6: RE S;; X EBEAES XS BATHE P kR IR, <
7 return M<

ZEIREMIR R, AR, HFREMIRIE A RIBORFRIARINE « 5 4, EHTFE
TS IR ARSS O RE A

(P9 PP AR s BRI S+ XA RT3

PG ARIMERERS, AN tH R SRR 51770 (&R 2),

R 2 BRI AR R

fatnEE IR AR ax ERTR
TSR Accuracy DEIEHE SEE5mN
Fl-score KR T HBTRIRR RIS TR ETRN
ENIENR Modularity HERERE AREM DT
Centrality Gain XETRIRAIEES BLEREDT
R IR Attention Weight Entropy ABNNHERE XAMEI D
Feature Importance Spread FHESTERRIT IREYARRE

I F R E SRR S R AE A, B (LREE IR ML N EE /7 (Ribeiro et al.,
2016), HEREF MU B R BRI A] B,

VY| 2 & S50 51 BT 5 1 5 ST HE R

FET7 RN R A R b, AR 3 — P PR R R 55 2R 25 v i EL &AL PEARFAE B9 2L R
7r— ML, SRS MU EEEE ZFRPMERR, kA RNTERTE. 85
AU & R 3 DURGE IS & A2 A R I H 2 [ Y S IO NI, 28 4540 A B R BE KRB R T4t
VA, BTN EHLRMANGER, FIEEATHE, ISR RS BRUE SE S R
FHRFENTERREMERRE, AR NMI RS, EEMEIIRATS, B
AR A =5 T EITo

(—) SIS P ST RIE S ] TGS

BREMEIIERM N G=V, E), KV RRERBERANT R, EFRRME Halskii
KR, SEGHEMaHLL, SREMSGBEAEHSMNE, RREEE. 2 EREHEFFRA
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(Burt, 1992; Granovetter, 1973; Newman, 2010)

TETFEREZR T, IR HEIERE A 5@ X KRR RMBER, Eh4=1 TR
YR AMWMERR, XBEETRIATH, SXREENRIE, W28 AR EE Ry AT a5 A
REZRE PR EEYID ZImE, (HEE IR EAIEEH 5C 5 75 15 B B R 22 0 46 31 7 0l 210 27 >
KT PR, RBOZEEEFREN RAREERE S, BAEE /N IEE D,

(=) BB RTIR A F >

AT HHREREMETR SRR (W2 BEME. BREHES), R GCN SR 2%k
N¥S o EROLEH AN

HWU:U(BﬁZB%HWW@» )

Hep, A=A+1 FRMABERNBEESE, D WHERE, wO An¥ S 80ER,
LR EERE, TABESZHMEER, RERENBRARE, aJHTROLERFRG. 55
KA JAE T S XK 53

(=) BT EEREIDLBI R RS

Nt PR R RS HIZRIBRES], I GAT HNARARJE 7 ECANFIAE :

;; = softmax; (LeakyReLU (a' [Wh; || Wh;])) 9
FEEUINA T 2B R
mzza(gbaﬂnaﬁwnﬁ). (10)

TEINHIREB IR R E RIS TERR, A/NBIAF R Hh SRS ses AL E ,
(M) B G EMEB2R 5 SR HEWT
SRR — DD R AL MER AR, XEEXRIE R, SR
YRGS KU AT HYAEES (Burt, 1992; Sampson et al., 2005), N B GFHI A BT AN [F) T
HZ RN EXRR, AIHEHLNEMNE G, 5EREZME G, WNZEEN, — &8 mht
FEFE M ERE:
f{h IR i B THY

0, otherwise

(1n

X4 AT 1R 2 HAMERIZERNE S L. BRI BC R DA S LA S I 3 RIEAS A2
RZER SR 20 7371 WA TS EASUE PR AT R i

T TR E A S R FEAT D P55 I 1) p 370 53 B e 2
AEIEAT R — PRI IS L BRI A, JLBUN 5 BB A4 O AR BTS2 — M
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W, BEZ25BEAHENNERBRE, ERs5, 5825, Bl BHIERET
N BRIV, BB EE M, R, R R SR SR AR S S S, M
FIERE, RIS AT N T HEZE, RS SRR A AT R E AT, AT
FPAIRRA S JEIAPH R I 48 AR BT T 320 A N PR DU R JXURS: bR B8 A S AT Tt il
V94N 75 T e T

(—) BT NP FIE R S5 R

BRITHFAIE XN

Si={ (xgl), tl) , (xgz), tz) - (xET"), tTl) } (12)
Hrh x® FOREIRHE (1658 k UOEENPIYRHER R, EETENGIR, R, FIARIAL, Ii
HEA, HIURTES, o WFEARAENZ, it m R AT VR,  ALRE (R 224 A0 N

Aty =ty — tr 1 (13)
FFLAHR AT 0 AR
ey, = Embedding (Aty) (14)
52 LN ZIE
2= o || ean| (s)

2R T R RIIN 2 ST ANBE ST AT R, NG SaRE S 5T AL I 2R LAl
(Abbott, 1995; Cox, 1972),

(Z) TR pheR 2 Y - flide R AT I A i

TESSAT A, JEREM L (RNN) 248 7B rT 28 K AR Ll RE 1. Frifk
RNN H38 054700

hi = o (Wyhi—1 + Wyze +b), (16)
Hrr, h, ABEECIRAS

HTHRfE RNN A5 AR, ARETREICZMZ (LSTM) 5 GRU #1TH
JPifEE (Choetal., 2014), LSTM HIRLOEEMBFERRT. BT ]

fi =0 Wzt + Ushi 1 + by) (17)
it =0 (Wizg + Uihs—1 + by) (18)
o =0 (Weze + Uyhy—1 + by) (19)
é; = tanh (W.zy + U.hy—1 + b.) (20)
a=fO0c 1+ O (21)
ht = o; © tanh (¢;) (22)

Hrf o, MICIZBITTIRGS. LSTM RERS I & EAT N AU KRR K, Al 3 IR T
T H JE A PR B R 2 5 RHIE
GRU Nidid s B 15 g 1R it 5 A (L A 2544 -
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re =0 (Wyzy + Uphy—q) (23)
up = o (Wyze + Uyhe 1) (24)
hy = tanh (Wyz, + Uy, (7 © hy_1)) (25)
he = ® hyy + (1 —w) © hy (26)

EE AT AWM, GRU BEESCHEMRNS 5P (WREEREE. WhiEs SR
#), 1M LSTM HIE S KMEERERE (T WEREE ).

(=) 3T Transformer I

RE RNN RS S F A EEE, (BAEEREAT e WK AR (00— —X
FIRBUTED)) 24518498 RNN R IE S, Nitk, KRR SIAZETEREIIVLEHIE Transformer
Encoder, HBOERE AN

Attn (Q, K, V) = softmax (%) V. 27)
Hr 0=W,Z, K=W,Z, V=W,Z A& 5P FIERE . 1813 2 3k ALl :

MultiHead (Z) = [head; | heady || ... || heady] Wo, (28)

REABYRERS 0 A S TE R RIE LS, ahblZtk. HEURLF. H2SBARPULSE,

Transformer MEHAET : S AIEREL, ARVFBSN AT, Alf@Ekertss OaEd al ik
FEJINE) (Devlin et al., 2019), XNEFEEREFTAEXEAEENME, WIRFIT NN
R TR 7E A i 2 JXURG:

(P9) AT R 5 XS 8 . Hazard Framework

SREAT R B THAREYE, SEERLZEERZS,. Rz, BHAH, HBHL.
R BRI SRS AN, (R, DR RIAT 55 85 (b o S0 & A= I (R4 (Faraggi & Simon,
1995), ABFFUR A TIREY SN K L (Hazard Function) J77%. MU BRECE SN

(t<T<t+At | T>t,z)

A(t|z) = BIEOP 2 . (29)

TEIRESS R, A R A — RN

A (t|hy) = softplus (w' hy +b) (30)
Her b, BRI ¢ BB ECIR S,

B R N

A(t) = [i Mslhs) ds, 31)

AALEERECN

S(t) = e 40, (32)

I IZMES AT AR 55—, FEEFEEAKRN WA HRS MG IR, 5=, &-E
HrIRETAELEAL; =, WESEEH AR XS ; 58P, MRE QR ZR 1T o & A I
[l REXREA G EFAIFRRG S, DERSIT AT SRR,
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() BRI LR 5 R AL SR

XTSI (5K, Eah2R, HYFm. FENE), RABEAMEEEC

L=L,,+aL,,,+BL. (33)
Hep) L, NSRBI SRR, L, FRCERRRIEE, L, R B XU RS RA IR,
a, B HINEES L,

Ptk Adam:

oL
O—0-—n— (34)
00

XFZALSHEZRGER RN IIT ANAE ST AT, LUMELEFIEE S (Caruana,
1997),

7N B8 R G IR R e R E 1 5 WITE 0 A

W S IR 55 17 AR B A B MR MR HE S S AR, HAGTE S MRS S
g SRS, HYL HX, FAESBOONERRAM KRB RN, 2 RESRME. M
MBRIZES NN RGHIEHAE, FHEERIERRGNERLITER, K RFGENE
EVESWIMERAE, DS EEASHRSERI,

(—) BIE RGN 2 Z MG ST S RHIERE &

EPTH, BANEEE X T EREEMEMNS 6= (7, E). HHAMMEMS 6= (77, E%)
DA SR SRIEMEFERE M (5K 1), fEIEEA B, BAGEERG RN 2 2 M2

={G&,G°,G,G%} (35)
Hrh G i MES, G RAERIEEIREIN & RIS, MRS RTE R AR E:

Gk—( V* EF Wk) k€ {v,0,v0.e} (36)

TEZZEMT, A]DUE X0 RAES BRHE, WEsErunrE:

i Cr+BCy+CP (37)

Hr @ NEEROE, @ NEARONE, CORIEEEERE, RE o B,y NP H W
i& E o
B MERESHLZR, AIHIE supra AFEEHEFE:
BVO
A[mﬂ 0] (38)

Hrf, A" fA° 3SR ZMAHL RS RER (EAERMNTE L), B HBEER M
Fihe PUMREMESEIE AT T 4 HEAT,
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(=) I EBLE P RSTRETE

TEE M b, P12 5 RAEE 2 i 2 21 B R iR € MERAZ O FE PR (Newman,
2010), X supra L HTHEFE A

L=D-4 (39)
Hep, Doy, YERARGZIIMNRIEN QnablEm, SiEER, ANRmE) i, H
TRE Re ) rlEd e/ NMEFRHEE A, ((REOZE@EE) .

L(L)>0 = REuEE H A ERE M (40)

K A, RRRGEARRAEEES bR IEE S, BIan, SR YME M 2215 BT EL
HEGEHE T RIBEN, 1, KE TR, HURRSEPINESEL,

XN TEsEMgs, HAREM A — P8I 112 p(4) AW

PA)<p. = REAETAIHRIRGS (41)

A p(A) IR — I SUE, FTRE IS AR SS 77 Kd B A alifs B HUR .,

(=) MEEh R R REIT AL

SIEAT AT AR RURASBEN A3 I 18, RIS s 0 BAT et (R
ZEl. BEH. ZEMERE) NEh A E x (), HBEATHEETESE (Livetal, 2011):
S 04wy ) )

JEN®

Hrr, SB—IERRERRR, 8 00K BRI, 55 =101 v,(0) ABERT i,

AKRGUREIAE X)) FRIAER N

dXTEt):(—aHﬁA)X(tHU(t) (43)
FFERE (—al+pA) RIFTERAEESHRS N TE, RIGUHEE:
Re(4)<0 Vi (44)

IXERE BOR TS MR 5T RFFTEATITEEN, SURARIGEHMTFSS, -
g R s A R SR 51

(P9) W5 b bkl B 5 PRS2 6E )

I (Resilience) ZIEEE ARG 2 G EGKE H SRS HEZEIEIR, X B MR
AT

TR EREERR)

BT RGBT o, HX R 30RIFZ 0

E (%) = m > igv; ﬁ’ (45)
Hrr di) N RCFSRERIEKE, 5 EO) 2R A, WIHRSEMES,

TARHN GG TR LH A A SR AL, IR T & N M IEMERE IR
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C (5) = E(i,j)EE" ng] (46)
ETBAshhARR, Al XARGRERH:

JZ%::inf{t:H}((t)——)(*H<:e}, (47)

Hep X ONRE, e WARBEIE, WERE Trec B, R,

() BB G KR X RGN

GREETRASGHLA T RS RFE RER RGN, REEMEEEN K, R

X =(I-kA,,) B (48)
Hr 4, NEEEEEERE (B 40 PH B, REGH), BAELSH5ER, 4 K IR, 7]
REH IS 51/ DHHGUT EED, SREEEF B RGN EBUREFEM R, K,
5 B S TR 4ERFEAR E X Al

. AR N LA REAE A IR BE R K B

R A S RAE S B AT I, AR IRACE S DUE TR R, (ERRAERE IR
il T AR RPN EES RN, ANTRETEARZRAE AR E, BREREILEH
AIAIAE, IR 0 48 B S5 AL R RE AR B T DUB O TRER AR . IX 2275 TR RE S 48 7 BURL A PR ER AR
i, MIeEEFRMHEEEATAN T A, BT MR TXEREAE N Al SRR EK
7, BBUHE =T

(=) BT ERB U SO 8 R

BEHF IR, AR, RIS RS EIR B E 2 E SR, £ TERNLHR
RRIURERS IR SR RIS IR E 2 5 R EEE L B (Devlin etal., 2019), HAELHEIT:

OK"
Attn(Q,K,V)=softmax \/7k vV (49)

Hep, @, K, VAR hE R, B MERN. W TFZXEES, 80 AR ANEIRER
Joal™ | AT OB IR

si=n Y e, (50)
A, HRTEE S, BT s, AR ARIERE N CEa” K “mam
BRSS” SIRICHIRURE, T SCR e IR NS,

() EI RS ISR AT R, : 15 STk 5

ERIEE SHLR R B, B MR RIE S 1E X R S 44UR G, HIEE
HLHI  (Guidotti et al., 2019)
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B = o (e wWORY) (1)

NIRREFIZE (GNN) H9RE, AR TR RURE T RN 4,
3G j) WRSIRIEN A - e, MIETE Y

Ajy; =9 (4) ~ (A ey), (52)

# Agy; B, VHVOLEVSRPECRIE AL, 00U, T i B R AT DUBIS A R
UGBS SUNE S

L = §(4) =5 (A—w) |, (53)

SIS HTIX SRR, AT OSBRI 4S i SR . AL i 2R DA VR
ik,

(5) JET PRah iR BURA SR REHE

HF RIS, (D BRBI T (A" R, THEEHN R A,
BEATHRE LKA HILEIAIETHRA KA (Pearl, 2009; Ribeiro et al., 2016)

SATERE ) RIS KHIE IR X, 28 ¢ MR O R0 ST 2 X

C=AX)—f(X—de) (54)
HR, el g, o NIRANRIE, C A, FRILRHER S AT B BN R,
B, LT, APRERE, AR S R ATREN B SR AR A

TEBCRIPAE 3R, A — AR RS (b

i =f@+a), &)
Hrp, A FoRTaE (ASEEFRRTEGER,. BIRESRE), BORBRELIER Y
Apolicy = ng - ﬁ (56)

XS oA _BIRAERR, AP AT R T RIS R A R

ERECRTTFEO R T AT R A SRT,  BORMEREA B H A PRUE R SR A 22 P
SalmsitE, A AR SRR TR, B, ATEHACEIRTA B R, RE)/ el
e,

C4

JNCARRBESE DT BRI . B RS B REIR BN
L1

Wi AT SO R S A RE SRR B a i, SRR HERE5 AN TEENREM SV E)
FORTIE S A, AT BRI LR, FRIC A S5 IR BRALH] =4k 1R AR A E T 1Al 5
LA AR, AT SIS, TR E R AR RIS RIT, sy RS Al iRk
HIEIEBHTE 1o
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(—) BRAEET AN ES. BBRSTTFE5INGE—a

YRS RSS W7 ARSI R 5 SO EEE, ARMEEL A, SEENRET R
REEZRSFHE (Baltrusaitis et al., 2019), BETHER, SERSHZ R, WHMidk, YA
RGN, SEENCARBRESENES, FathNATFIEBEIT N Fi, kK
TR BSFONE AR FEBASHE BB 2[R — R 2 H,  RTR B HEIZER Dy

Gt =Fo (Eien (D), Eung(D), Erey(S)) (57)
Hrh, E,, 2 Transformer SXAZIS S, E,, AN Vision Transformer B, CNN, E,,, ACEH
TTHRFH,

Gi—2on multi GY TG EEFE BRI, RSMANALRCR, ERIGHHESL
PUBRIKFE, 42 BGRAE D5 SCAR J2 T Y B3R

IR HE S ST I FE N “RBESHENT” [ “CREtt BN B,

(D) BERSB LRSS RSN ERS RS

AREERS AT B “ERIRGHF ARG, @IS LN BRIt HAR
B RS R ERASEAHIE (Bonabeau, 2002; Epstein, 1999), X EHIER RS
RN X(1), BFZEERGIREN X (1), HIE—BHERTRTN

T~ (X0.U0).6), (58)
Hr U WBERT M G#RIERIE, ¢ WRASEL

B AR T I R B FEREEIRIAERE ), WIABCGR (MG, HEEERE) X
BEAT AR EA, S R R WM E X 28 54, Tl 25 DX 3t B L 5 2 J A T 4
%o BFEARKNN “BORIAR”, WYBUNS A @SIEETLA T LRSI E 0T
Bl N

(=) BB S 5 R RA R s Y S P B X

SREIRSBIEEEBAHL, BHX, WERBRER, FEETIIZG, FHi, RETHER
BRI SIREZR, (AR A SUE AR I ZHURE A G a1 N LRI, SR S 808 37
XN (McMahan et al., 2017)

0D = S 0 (59)
Hrp, n BRHALNEER, N AREEEE.,

BRAS A ST L A LG B BUE SR 5 R B RAI 2R, DA IR SE 4 M BdR BE 22, 42
AT S5 A A XS R A IR ST, At U B WM E I 2%

RKATEE G ES R, FSIEE— P2, MR Al - it Kk
fili 8Tt

(M) BIRHRARENRZRFES] . W B2

MAEMRZ AERE AL, BHAENTEE FFFES, ARRAT DO By K
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B “HEEY 7, WEBERKEHEMNLE (Hierarchical GNN) :

h0=P001({hi | iEO}) (60)
Hrr, h, WHARTR,

XA RIEHLE N AR, SEHARBNIMES TR RR, APV BN (K-
RA—TIR), THHK. VAR IEREN % 5.

XN SRS AL SN MEATIIRR” Em “HEBN IR,

(1) #5355 R ) B SR IR v N R DA T 0 T RS

BT ARZ AL, FIfESH SEEFEN, RRATAEGE— T RMESR A 3PS il FE A Y -

u = fyo (2,59, ©h
Hrp CRRSUEHIERE (WRTE, BRE, H4ETHE),

W57 LS LA FI A B RSB ST R ZE R, o SUe4EE (SRR T80
qnar FE MRS R S N AE, M e X = 5 IR R A AE EAT 9, IRR IS S S TR B
ALY i 5 22 B s

XSS TR S5 A 2k N\ BRELEIT ST T B B o

ON) BHETHEAL . MWL B BB A B g5 L HE

AR IR R R TR PR A S BRIR™, flan, AR, BRI H40E
LSS, AEdBEEE, 31 R 5 MR EBAETEE L (Salganik,
2017), BALZVEA C). HEVEE T(). BES5WR p) WR— TGRS, WAERRN:

LY — ap(t) - AC(t), (62)
TO —yC (1) - 6T (1), (63)
p(t)=o(mC(t) +n,T(t)). (64)

IXAPECHERER (SRR S5 SRR MR, SUBRBURREEE, MOVEIERE X b
RTINS R

Ju BORBEIH St SRR RE R S22 SO (B 5 il s 12

BiE N L& R ah RS IR SS - B ELER RS &, SRESE5HGTTR, RHELEHS
AHMERREERERAEZ, SRMSE2AEG LG EER, BRI XEAR,
AL AMEFRR, A T RESR AT HT LS (X e BE 4 ARTS 1 r] T BT AT Rl fL Y
Ple, ATWEFOGEBCRIEIT, flIEERSH M =107, RIS E AR AR
R ESCHIRERIRTR T, KA. "85 BAERNE 2GR,
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() BOREWRZ 2450 . ISEIREC B 2+ Pk

ERREEERRT, BCREMREMZESEN: MUBHXEEEENNI. 25KES
MEKRRE, HUZRECTTEHNRE S, VMEMZEEEH 5T H HATRER, 72002 0 055 e 4 2 5
AREM, AHIRS AR SHSWMERA. AT REREP X =R 7 Al SRR
(Rogers, 2003),

TEROULZTHE, & Pl I R B 2 SRR S 2 o i, AT S5 DEE, RIS R
BESHREE, RERHE i WREEN p, 15 NRERRN 4, UCE BTN

s=p; Wi, (65)
Hrp woOyRIES I ULECRERE, iZbLHIRE W12 s R IRAC B AR, EZEEERENEa S
RE1 5 4B RIAIRSSHLZ,

ErPET, &R OE HE ML o HriR 5B HA S ERET, Rk ERR 1R, B,
A] DAE I [ 1 22 0 2% 4 A 2R TR SV e R IEA T A A -

ho=0 Z W, ho, (66)
0 EN(Op)

T SE B 2 2R P R RE 0 9 B TRAG

TEENMZE, SRR U S WA EEH A 7, £ RK B PIRE
VAREBT IR, P RR SRR S5 o

(2) PReBERGEMN AN : W%, E5 5 B

ANLERESIANSEIBHG, BOREHAROPkE Z —2AHERER, FESBEHEZE
BUSFr, EoUSIRIAM IR IEX,. 252/ F5 AN, SR N AT 68 H R 0w I
K. AR EE XS (Hardt et al., 2016),

FERCRZH, REEIBRBAHENE: eI H HRMERAT v EdE B sh It 5 R
FLE. AT, Ui BARBE B e T He A B RN, A e MU AR 55 M 17 I ] -

N
min " Iy, () IP (67)
=1

MR T FHERHAR TR ALY, NI, Al 5 AN FELTR, NEHA A
LRI, ERMUAERE S AHR T, £ FERE, BORRIHOME; Ik E IR 1w
Ro BlaN, BT RISFRHA A REROMT M BRI RS 5 R, AWmEK “58
HIETIHLH" . w]FER BRI, (L5 5 R R B AHAR a] Ik, EEMEE
M, FRREENRRE, fEEE SHAMRE T arRREE, AIREATLEE (XAD 75
&, AEREI LS E STk A, BB TS EE SHL N REE T,
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(=) BIEERAE—: Myl A7 T S PR RTA TG BEHE R

FRIEE IR A ENE, BOEME I (auditable) FBEIEAR, HEUFET. o
AL FIA R EHERIFNE TSR (Guidotti et al., 2019), —RA] 1 TIIHEZRELHE LA R KR 7

o BUERIFEH TR MREEBEE S, BTSRRI EIR,

o BRI IORERIZRERE, BiEBdE . SEEER. BREL,

o DURENHE T AR SCH A T IO R S R R

o MR IEAGHLE . MR RZE, FH T B s,
Hrp BANS R AEE DU SE00 577 AL

9(t+1):9(1),,7v oL (9(1)) (68)

eSS 12 AT HS BRI 2R3 7 Fh RO T LE [R] R,

(P9) wEERgie SRS RGBS ST i

biE & e F A in i B, BEIRSESHZ EROXRBEEME S (Sampson
etal., 2005), BN, FA. BEHLNGERE Z BIEEHH SR E R,

o BURF: tASEHIERTE, BUEAILEMIRMEIZ SO E,

- FE: REEEERS. BUEHE S IREE,

- EEALN: MEEREEEE, WEPTS RIBHLH,

o EEE: REETITHEES S5 R, REERIE R B,

X TR Z A B TN 2 EIR RS, HAH AR N

U =73 axUs (Tk, Yi) 5 (69)
Hrp kFRFERER o HEHNE, EINAFERAETE, AISLE SIS RIR IR R,

() WERE = EEEESHRE AR S Bk

NTEMBETFE, BXIENERERSEGER S, s EERIGEEEIERE (McMa-
han et al,, 2017), flan, Z—EHIETFER (5K, TEEH. RSNKE), EIBEVFEH
HRAIRS, HilETEREHE MY, SR AN 5B S BOR PR B (50 2 4

BAEPR R A B R A I ZRATITAS 7R R EVE R N B A AT EeE, 9 BOR T E $2 it R 528
PE BRI

N RS . BORY L. 2588 S ARG HitE R

B SR ARG HOMUER T E RS MRS, WREALRSEREE T IRZZ
o FEEFEMA A AR JLANTT A,

o BRYEC BFTARRSSIIM, RBASEESE, EhaTaehnEE T,

- S5 FRAN. BRABHKER R NEKRSSE,

o pHIRSSIRE: BURSHSHSRIL T AERTE X, FEaBOVEH R hEE,

HETARGEN: BRI TME M 28 AT RENIE M 25 701k, 75 2Ll BN B AR A AN S

BN
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LERE, BRSEAFILAMIESIBEEXN “TBORE" | “FamE" Eik,
M TERMERSS T 1A “BIASPUAL” B

. EESMAPR: SGEBRRNKLE. WSS EEL R

AFHL “EESSHI EEASWMENE I BORTRTE” =TSR
i, RRANAZER A TR - SRS 2Rl A SR AE B Sl ol 2R P A I E i 7R,
AL RISZ R AEE GE L EHURRE P ROV R R, T2 DL e AL B AT AR RR A SRR
W AL ERE, B R FIREE ST, K3 1% 77 K 2R B 75 M3 AR SR R 55 B AR PR
SRS LR,

(—) Ehy—: BIEES GRS 255 BRI

PR EERBIE (NTESINER. RENK, HENEEHEE), RIS &
JE#ARE 90 KB EMR” fENMES (Caruana, 1997), 1ESEBREERE D={x;y: )X %, x, N
LRSEHE, WIRITARY. SIIeAR, MG ES; ¥, € {0,1} FoRMERBIEARK
s,

FATNZEH# R %S E (VAE/Transformer) . GNN. TR EEZE 17 4341 E Bk G H BRI TR & 6
#1 M,, I ERH

Lygu=ALegt Aol g gotAslgunt AL peory (70)
Hf, Loy RIEZ RIS R RIHRK, Loso REATHRIEZMEMIRK (VAE), L, &
TR Cox A A7 BRI B M2 A4 (R BRI BRI, Loy FORBIE—BMEIRE (NHEEBA—
HE, fERELELH).,

S EE R G oR: BIRILE AUC, Fl. Brier Score F6hR FITEMTIBMMEIT, FENLARM
FIBA— R B2 SRR, EEEIE, ARSI R VRSB 5RGRE" 5 LM%
N PhREF B3, MmEfett ONEZE M) W KEs5 BAREgm, s
BSHPUCEELE SHAP S RIAERME AR B, X R AR (GR BEFIAE J1, R FaeiiE
TEERS S Bl - KK — 2507 = eI,

(7)) 92— IR ME LR IRILE TR 5 VTR BOSeR A

AL ET KIBGERAS GEXAL, ARPAE, HTH%) ZRNTEHEMLS, 4
HHNEFRE Go FAFASHEEE MG (HAN) HKEHLGURA h(), FFBT RN RF
FINERZE, IHHIHME X RAIEH T B (Velickovié et al., 2018), FRAE L HIRY BK
RIGhRA
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1
m:m; Reach (i,;;h(1)) "

Hrr | Reach( - ) 18 & 15 s8I M W0 28 AT ok B2 IR A A S0& 12 80 5 A ER 2

LWL RRA: BAESTEEONENBHAD (& o) FEN M E RIS, 45
AR ERIZHEL (Burt #ie) 78 HAN AR A A& EA SO ; S RBHOINBR 5L Al
MW R, BEIRYEGICR n, I NRE, RAMSBMEGSE, XEERNEREAESS “HEPHE”
5 “UrEiaE” RAL R,

(=) 9380 = BORT iR 2 W REIR 07 ©LIFAR

BT “BUBEIX3) ABM”, BATEE T — M KEEEE SRR H U GBI 1Y Bt
RERGL, MAEREIRTUR IR BRI SR 7 (a]s) IXBN, ALV REIRI G IR 7 BLRLNISK B
HIRA S BORIMNEZ E (Mnih et al., 2015),

BATH Z2RBOR T PUHATELL, 1. BB BIaRSS# G, B2 mh, 2. 4589 A -
flan, CIEEALPMETEG. 3. X Fla, “ERRSHESMERER" SENLH

ZRATES, BRI

al?! ~mp (a\sgt)) ;o st = (sgﬂ,ay),g@)) (72)
Hep, O NI S BERIRAS,

ESGRER: SR L EESERER A S 5, Y “HEWMEMSHE” 2,
BURBUR BRI, S F 2 maifliS 2 & m, X “Rg25” BEHE/RN,

X e B B R A T R PR A A S BRI 5 AR R

(P9) NG 2R BRI Y B il

EANERAERFEZRR OME, AL, RR) WIE T AMARHTERR, THERH
NTERETE N REB R L HIGE T, SERENSHEDN LRI, 54 P T 52 AN BSR40 RE
To XM T “BdE - R - HIE - BORY MEIRNEZE IR, HN R0 R e S,

+—. Wig

REFFAR AR T — DE SR, AR R Z U 2 A S 2 RE N T e
RHEZSR, ST ZEEdRME. REESRIE, BN, 2B e R0 55 K RN
BARFE, NERRSHESAOHICAFRERGM TR A TESEICRML, SBAETR
IR 2R USRS =N RIT G, sf N TR e RN 54 2200 R INE A,
AR R, FBREIEHIE, LIABEIC TR S n e, SIS IR TEE
B, BATHEWE IR,
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(—) BHETRIE . N TR aeinfu itk B AR S5 +h = 5

ARBFFHR A T EAE SO B FE IR 554t 22 R = 75 T A BEHE

(1) MAHZREIMLE, ZFEEEIRSS W78 2 BAE R (ARG EERR IS 25
R RED, ML REIREESR, AHEZR PR 28 6e 407 B rl A 5 B R I AY 78 0 M
B, e VA N 4 B S TR, SR BRI T AR I SR AR A, TR A AR
Ri##25” X— Putnam A4 2 B A IS v UEE (b D mTAG 56 ) A6 SO,

(2) MERSEIFS. BEAFREGAE S — I H B & S E st 2 A, 2T H
BT, AREZRSIAMNFER (GRU, LSTM, REXERE) BEWZIENEE, 7
K 5 SRR R INESTEMAUE, BIE “WIRS5REREZE AR R “it
SEANRZEFERT A" S8/, 8K Wilson (2000) HY “Z54E " Big
M EBPE R IR HERE N m] A A B R,

(3) MERIZERZESE, S EAT TR TR EEE R v EEERA (4 “f/R
YRR e TR, HIXAR > S ETREME SR BRI R S B, ARAEZR R TR B R R A
> (VAE. Transformer 4mfida%) S2IEZRMEE R T BT NNESE DM, WFEE
RENT ‘W25 1 “KEET" 2B ERE (FEEEEE. TE KGR
), XERBLEAEG R A G R AN KR, LM A AT & RER PR
hEMIE,

() 5BEAMRIIRR

(1) N ZZHICHNRIESY B, AFREIRRTH “GHHZ". mREats
AR, AR 5T SR TE Oy AT TR A A A R B B G5 FE PR, BIAN, 181 GAT X4
ZUWMEMZE R AT [ £ (2) ], R B3R EA SRR NS E, FFRIET
Burt (1992) MR —&EHTRANRNRIRY BRR & S T TIHEMEPRIHLA (LK
e p<0.01), IR, ARHEZEY R TIXLEIIG: RSN “RBERMB” FEE UT ok
R, YMELBEEL EBREE, WIRY RN TR, XS MBI AR
1k,

(2) 5HA RSB ERERIELE. HRT Lazer % (2009) 2R XBIEN
GPAK Salganik (2017) AU “HEHRFER” #2MARITIE, APRAREET: -, BET A
W X BEAWHRMMESRSUR, SR E AT DIERERS T80, 2, KT
MAMEIT AT (FEait Bt 2w BIHLME R ENRSAHN 2 R ETE,
MARE EAE B — AT R BB =, R rT R MR AI G B A B A O BRI T A A0 D A R o,
AR EEN 7,

(=) ARSI SRRt

Aifriat, NLEBESERRSEIENRAAE “TE—MNH” FREXR, W
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X EKEE, —77H, ANTERENERA R T SMEEEE . SRRGMAETAR, 3150
FIRBITTE AR Z RPN HGRT FB; 75—, 2N NTERRE Toviig. §lE
B, BEHERMMMEL R, A S TAEAR SRR s B A R H ek S kT, —
FHWIRERESEEMEAE M “FIit 822" (Computable Social Theory), HIPAFEIR
IES (D77, BEREEAL, 23R ZEH2RGNSTIE, JHEd iRk
(e, BF4) RIEMIemE, AR ENSERGRFRAERIE [ U7
(Z) 11ERFIEX 77 ME P8 2K,

(P9) AwFrisd N PLIE sk 2 &5

AR IR TR AT II N =, (1) fREEE SR 2 REREHER, WME, HEH
FIEMAESH G B, VEEWANERERS IS GIHEIE, 28R HERHIE)
RETET A, (2) WEMIRERE "Bl SR —BIE" IR, AR R E S T
P, @S AT ARREE o A 5 T SRR AR BT AR R BRIC AL, SRS AR S5 BT 7T M IR
BEE RS TR, Q) VR REHIFEATE A ORI N HTEE ., A7 RR
TN T EREBRNAIAEAHI 5928 RAES7E ARG MR FH R RE, N HA A F N (Wt
XAERE, RITEN R T IER TR S K,

= RRYES ARRBEST 1

RERBIFARE T — DE B MR, AL Z I 2 A S 2 REN T e
REZR, FRAEBE, J7EMVENR MR A TR, [EIRARMEF S TEIE S EOR ERY
PR, XL PRI S 7 4 AT N TR e S S RHARE MG R R B, ARG H T
J7 e,

(—) BdHe )2 1w FY B )

girmzESUMAZE e, SERFSEIRERABEA N EANEEEmE, RERER
FMVEE R (RS, Z2550R), AT B fmE S ERZER IS s,
Z2), MEBELEZRATATHERZR, Eohxatrg, “TikiTsh#E” mE—RKEIFER,
R MERGEEAT N (B G B, (GNP R gk, SBCIUNEES D
HI73 0 p(x) SEED G Z A ERGURE, AERERAS RIS, (EESE S
R RIEOLS, WRERR A RE S B RAVEHRTE, TR S HIC MR,

S B HIEATIZARR, ST NIRZ L, HIE SRR, KT — it
DX (AR EARHER ) AR I 2RO R E R A T H A X PSR AR BB EE %), BT
AR (RIEES /DA ER KR, BHMENESR, BRMRERTRERE T
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B (OMERERUIERRE) . SR8 I H S M 54 TR B ARSI, HUER A
FORATRER I, ARKRATGI AGUH EHIER. (domain adaptation) B{JT*¥>] (meta-learning) J7i%,
S S IRIR ) A

(=) R )2 1 A Bl

Al fRREMEN AR e REAMAGIA TIER A, SHAP A, TR EEE
Rk (BB, EXNTFIRZER MR Transformer F & 4588 HSH=RE X
(FEHETEER0), MBREDERIBE, WRRIELE (faithfulness) FIFRE I
IE G AT HATEIE — SR Loy, BAEL ARG A AR, (HIZIRK
PRE AR (WTAE—BEAR, 2B ARFENE) zg—eRieS, FEdEM
EREE EIS IR

FREMES TR, REAIEINESE AR B, RR4EE) . NEY%
AR BRI 5y OZR / 3RIE / MRER) BOABUR, fERENEH, EABRNESE. ¥tk
CRNEHE RN 3 5 0 U IRAE T S BCE B8 0,.,=0,—n4,L(0), A [FBENLF AT 58 S Bk
HENR R SR, i ERRPAE SRS (B, T E—#dE, WRIIZReTaE
AT AR “REEREE) . RRMAFIFRARANEL LR 5 BUEMES T (ARHESE
WS RIS L R ), DA IESS IS RS R,

HMEXRE, AMEZRFRRTINE (NS5 2R, AR AEIZREEE 7316 Y =<
HENAM, YBERMELERIZUZN (MREALEFSBCERT REY) s
BIRE RN, BRI AT RERIE R, AR EEBA (SCM) 5AMELF THAR
WE MRl (WEEXE, REEIRER) BAKREZTTA,

(=) BRIE )2 i A BRI

RS S E L Z HR5K T, N TEREEERRRR “PLHl” (QnEzs aEm s EA4
HESS SRS EMEX) HFAERTHESEREN EW B, 5 2 B a R
A, JEEERMBATHNENEE. BRARSMIOEE S, flan, SRERTaEAR B “ FHA R 5%
FE” RS 5NRETNRE, HXHFAERS “AtaBRESEmHIN" —2
MR TR R, A T BERAREE, KRBT AFENE? EiRGiX—EE, FERREYS
LIS B QIREVIR. SFRIER) MEE, B “RETE" NEREER,

KRG R, BARARRGIAN T WENEYS (DML) MRFELRS 2, (HiX
BEFF IR ARARES “TEARWIMR A “ IERBAIREE” i, EMEMEEREEdES, R
FREZ N E (WD AR, RESE) mTREFAN IS 51T MG A B, SEIR RN &
HHmiR, ARIARAIEE S TEEE, WsEHeRELSLss (AR ER70 5 R85 LR U6
BE) R KRG A,
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(P9) ARKBFETT 1)

BT RIRRRR, AR P AR E ST,

Ji A —: AR RIS AT AL, 455 SCM SIREA MR (1285 B YmiLds),
NPT R R BAS R SR AL, lan, 22 ST AR RIER A

A"=LearnCausalGraph(X") (73)

B R BUR 2B B R AN S BT N G PERZ e, S i S SEIBCR AL,

Jill s RIEARFER EIME M S Z B HEZE, A GNN DU Z KRR RS
SR, RRATEE G K RS W28 B B PR GNN AMIBETI, EREH IR S LAY %
FAN n “HEREE A SEEEBAEKEIEME, HEEE B 5EREE C Az, NERE
B A HERE CHIaTE1E"), MR ZEIR T,

Fm = HHEERRTFELEMIR., EMA ABM 5 GNN &l b, @ié S2i8E
(W EEHE, #HHER), WESRAENEEESHTFEERR, ATREEMH FHEIFRE
FETE SR, K HABCRRICGR P DA H ZB) 1 1A

JmPy: RN TR REAE SRS e EA Y. BEE 1T AEHE RETEET XK,
faFAREF (W Z D RRFARESEOLERE) . N FHLAR (NS ES MEA R . Bk
B 525 T T ) B S (v AR S S R R RLTE R 5 AN ST 4 A0 B XURS: 7 EL AR Y AT AR Dy — Fb
BTG TR, (HHSHEOES SLURRIE M 77— T,

REFELRFER, AREREN “UHREAEREIRSHSY” BRI A0S §iE
AR ERMERME T — DAY RAE R, BATIGA KA B2 ARARE. fES5HIRE
T LR REIX — 77 1], (S TG B R = B8O 5 N SRR,

+=. M, BHS5REA T SERGER GRS

AN TE R EER G AT R T HINGEH BT S EISHIHIF R, HE51%
THEERE, BiEmE, ERERKE - RIIPER, SRR IR L Amabl. HR(EE
S99B R, RUILET B3R FRBHER B, P SIGREHE L ORFFITE, AT
& TRBE X IR S e IR EAESR, MEHERE, BikimE., BTSSR, REXRT
HUAR AR AT, RAMESREEEARFGNRMEAR, BERE A RS (0
ERAMAL, RIS BESENNH, HEAEER,

(—) BRI PS5 {5 BBUL &5

IR S5 BRI RS AR T — R E B, B P e, AmALBURHRT AT RE
JERAXFRAVE REEH, SREFEERZ S EIR MM 77580 TH## (Barocas et al., 2023),
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BRI p(x), BEFACREFRITE XL A E PRI :

mginL(@)Jr/lR(x), R(x):[(x;fg(x)) (74)
Hr, T(5)RTAEER. BARRx) BEHEMNAMENE, HEFRPARHZSER (Dwork &
Roth, 2014) AR i RN s DASEIEA] B AR LRI, B2~ > (McMahan et al.,
2017) @IS EAEEEE AR R GG EGE, W25 mERFAXRS A R R, 1ok, EREEBIEN
FRERL RN RISy, FERENE R/ EN", 2 s i,

(Z) Bk ZE S 2 PR H

BimERERBEREAZTREHMNE 2 —. I GREHE S 8RB RS
(iRl Fi. W ER), HAUTTRERKXEMZE (Mehrabi et al., 2021), BN, 755
XEMEEERK S ES, GNN AJRES: > Blm a1 B MRS RHIE, s im B PR ICHC,

T ZonaE R (SR E mATm), A A FERR AN 25 (Hardt et al.,
2016) EX:

P(?:1|Y:1,A:a1):P(?:1|Y:1,A:a2), (75)
Hrp, A gUSEMN (iR, Fk), NTMBES (WHLEIERRTM), RlE X
PR HEARFEBHE (G, G) T EBRANEESR:

S = B Ticen s — o Tieen i (76)

SR, BRI AFTERGURE, NEFRWZE, FITERRREINA A I T -

Ltmal=Lpred-&-ochair (77)
Hrp ) Ly, AT AL L R RS BRI R K 2Z R (MMD),

(=) BT [ Sl

7 I M SRR RS IS RE AT i &, 16 EE RIS AR E D AT, TR EE
fE. RELPENE T EMBERT N, EEOREREA SR LA 5Hl, EHREHTOR
15,

BRI H & ICRBEERIE, BARRA, B2 G REP RS sELZN 0
X 87), W HENEI B =T,

ANTLEZHRR: AT GEREITAL, BRI CHRR, RE “ATEREEIN—A
THIWTHRIN R

PN EREENNR: A AR TRUNS) 6, R B 2 S iEE

[ fo (+8) = fo () I< e (78)

AR, VREANESS, FEMIRSEBIE,

(P9) 1B XU B R GE0 5 5 GBI PEAG

BT R&GiER (B, AlE—S8 RNy “RHEREJE~AER", HTIEE
ARTAF SRR R GARE MR, B XK R(t) BERN AT, AT RUEROR:
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O B(t)+mP (1) - m,G (1), o)

Hrp, B FonBikmEES QIREET R EEBRREE), P ForERIMEED (0
R EE), G FRIGHEEEHME (WH IR, QPR E), B REE Go),
RVRI PRGN FVRBRHG (Ainas s it, @R RIARIE) Xt R GRS ERIRIE, X NBUR
RIHEAL 7 A "Rl AT EEIES TR, G TERRKLRSHEINEZ RIS,

() W B WEEIERSEN N TR RERBIHER

FERIEZm, TEMREEEEE B, FESHIERNZEHEESR, EREUTER,

o BEIGRESIE : S EER PO KA, BURE T G S S R B A VR HL],

- CFARGHEGE: ERET AR FEWNERRERS R, B HIRIEH, SEE X
NREERIBHEFHE,

o RPHERRERE: SR H XSRS SRR PR AR, B R R SUR B R
TEAREIGERCAIFEDR

o AHLEITGHE: B TR TASHR TIEEZRI D Ta5R, EME B BEANT
K R

EIRHIE ZHA B TR A TR R SIEARPER “HREEEX", WSERHER
RRHACHEMS ARGE, @HE% CTREANEORERT %, SR RG] DAL= 2L
XM FHERH TR EL,

+W. &g

AUFFAE T — A S ERS S22 5 N LEEEN 2 REHH AR, BaZREE.
FoRFS], EMamat, N ERL BN E L RRMER S TR, NEEIT iR
TIRESRIET ). TS EEAE BRE T AR BUYA R

AR EETEE =D, F—, RHSERSNZ REEEIESR, BHEMiTh.
PR 28 5 EMAL, NEEWACREERSSHIE Gl H2uEA, §lE) #2147
GG, g BIRRA REAEF DN, PRI S50 S RER, ZHESA]
ZEZ5HE, BRI SBORIERNRE, H=, A "B — A —HIe—BOR" A3,
REFASI A RTINS, EiEd al gttt GERA. TRdiah, RELFE) il
Ak g6 A BICALE], RN SRS W S WA E MR S T 1, flan, Sl — KRG,
B REARFR ST HHE B E R, 8=, saRCHIGEA ML, KAl
BEE. PR, 0 RS H AR TEERE, HIIARBXER 7 B, ik
B RECHHBIE A HI 99 2 RAL 215 I RTRTHE R THA BRI RE,

93



e TIES KBRS 20254FE 12 H 2 F2 M

Ah, ZERERMGEARRNBORKLEREM Tl EE, rJEflItEFE, BB FE
Jil 5 HRGER T HIRGEMINL, BT 2R 2R AT 5 I~ ST AR M D AR R B8 X3, 5l 2 LR At
FELE T A

Zi BRTE, AR TN T RES SRR S 2 W AR RERT I TS 2, FHOWHAMA
SN R TF BT ARG T RNEBRITIRIES . ARRTT A EAS RER SR AT o0 R, Al fig
ReEMZ ML, m R A A NACHIE PR IR I,

2% Sk

[1] Abbott, A. (1995). Sequence analysis: New methods for old ideas. Annual Review of Sociology,
21,93-113. https://doi.org/10.1146/annurev.s0.21.080195.000521

[2] Baltrusaitis, T., Ahuja, C., & Morency, L.-P. (2019). Multimodal machine learning: A survey and
taxonomy. /EEE Transactions on Pattern Analysis and Machine Intelligence, 41(2), 423-443.
https://doi.org/10.1109/TPAMI.2018.2798607

[3] Barocas, S., Hardt, M., & Narayanan, A. (2023). Fairness and machine learning: Limitations and
opportunities. MIT Press.

[4] Blei, D. M., Ng, A. Y., & Jordan, M. 1. (2003). Latent Dirichlet allocation. Journal of Machine
Learning Research, 3, 993-1022.

[5] Bonabeau, E. (2002). Agent-based modeling: Methods and techniques for simulating human
systems. Proceedings of the National Academy of Sciences, 99(Suppl. 3), 7280-7287. https://doi.
org/10.1073/pnas.082080899

[6] Burt, R. S. (1992). Structural holes: The social structure of competition. Harvard University
Press. https://doi.org/10.4159/9780674029095

[71 Caruana, R. (1997). Multitask learning. Machine Learning, 28, 41-75. https://doi.org/10.1023/
A:1007379606734

[8] Cho, K., van Merriénboer, B., Gulcehre, C., Bahdanau, D., Bougares, F., Schwenk, H., & Bengio,
Y. (2014). Learning phrase representations using RNN encoder—decoder for statistical machine
translation. In Proceedings of the 2014 Conference on Empirical Methods in Natural Language
Processing (pp. 1724-1734). Association for Computational Linguistics. https://doi.org/10.3115/
v1/D14-1179

[91 Coleman, J. S. (1988). Social capital in the creation of human capital. American Journal of

Sociology, 94, S95-S120. https://doi.org/10.1086/228943

94



SRR IHEE R g, SRS RH

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

(20]

(21]

[22]

(23]

Cox, D. R. (1972). Regression models and life-tables. Journal of the Royal Statistical Society:
Series B (Methodological), 34(2), 187-220. https://doi.org/10.1111/j.2517-6161.1972.tb00899 .
Devlin, J., Chang, M.-W., Lee, K., & Toutanova, K. (2019). BERT: Pre-training of deep
bidirectional transformers for language understanding. /n Proceedings of NAACL-HLT 2019 (pp.
4171-4186). Association for Computational Linguistics. https://doi.org/10.18653/v1/N19-1423.
Dwork, C., & Roth, A. (2014). The algorithmic foundations of differential privacy.
Foundations and Trends in Theoretical Computer Science, 9(3—4), 211-407. https://doi.
org/10.1561/0400000042.

Epstein, J. M. (1999). Agent-based computational models and generative social science.
Complexity, 4(5), 41-60. https://doi.org/10.1002/(SICI)1099-0526(199905/06)4:5<41::AID-
CPLX9>3.0.CO;2-F

Faraggi, D., & Simon, R. (1995). A neural network model for survival data. Statistics in Medi-
cine, 14(1), 73-82. https://doi.org/10.1002/sim.4780140108

Goodfellow, 1., Bengio, Y., & Courville, A. (2016). Deep learning. MIT Press.

Granovetter, M. S. (1973). The strength of weak ties. American Journal of Sociology, 78(6),
1360-1380. https://doi.org/10.1086/225469

Guidotti, R., Monreale, A., Ruggieri, S., Turini, F., Giannotti, F., & Pedreschi, D. (2019). A
survey of methods for explaining black box models. ACM Computing Surveys, 51(5), Article 93.
https://doi.org/10.1145/3236009

Hamilton, W. L., Ying, R., & Leskovec, J. (2017). Inductive representation learning on large
graphs. In Advances in Neural Information Processing Systems 30 (pp. 1024-1034).

Hardt, M., Price, E., & Srebro, N. (2016). Equality of opportunity in supervised learning. In
Advances in Neural Information Processing Systems 29.

Hochreiter, S., & Schmidhuber, J. (1997). Long short-term memory. Neural Computation, 9(8),
1735-1780. https://doi.org/10.1162/neco0.1997.9.8.1735

Kipf, T. N., & Welling, M. (2017). Semi-supervised classification with graph convolutional
networks. In Proceedings of the 5th International Conference on Learning Representations.
Lazer, D., Pentland, A., Adamic, L., Aral, S., Barabasi, A.-L., Brewer, D., Christakis, N., Con-
tractor, N., Fowler, J., Gutmann, M., Jebara, T., King, G., Macy, M., Roy, D., & Van Alstyne,
M. (2009). Computational social science. Science, 323(5915), 721-723. https://doi.org/10.1126/
science.1167742

LeCun, Y., Bengio, Y., & Hinton, G. (2015). Deep learning. Nature, 521, 436-444. https://doi.
org/10.1038/nature14539

95



e TIES KBRS 20254FE 12 H 2 F2 M

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]
[33]
[34]

[35]

[36]

[37]

96

Liu, Y.-Y., Slotine, J.-J., & Barabasi, A.-L. (2011). Controllability of complex networks. Nature,
473,167—-173. https://doi.org/10.1038/nature10011

McMahan, B., Moore, E., Ramage, D., Hampson, S., & Agiiera y Arcas, B. (2017). Commu-
nication-efficient learning of deep networks from decentralized data. Proceedings of Machine
Learning Research, 54, 1273-1282.

Mehrabi, N., Morstatter, F., Saxena, N., Lerman, K., & Galstyan, A. (2021). A survey on bias
and fairness in machine learning. ACM Computing Surveys, 54(6), Article 115. https://doi.
org/10.1145/3457607

Mnih, V., Kavukcuoglu, K., Silver, D., Rusu, A. A., Veness, J., Bellemare, M. G., Graves, A.,
Riedmiller, M., Fidjeland, A. K., Ostrovski, G., Petersen, S., Beattie, C., Sadik, A., Antonoglou,
L., King, H., Kumaran, D., Wierstra, D., Legg, S., & Hassabis, D. (2015). Human-level control
through deep reinforcement learning. Nature, 518, 529-533. https://doi.org/10.1038/nature14236
Newman, M. E. J. (2010). Networks: An introduction. Oxford University Press. https://doi.
org/10.1093/acprof:0s0/9780199206650.001.0001

Pearl, J. (2009). Causality: Models, reasoning, and inference (2nd ed.). Cambridge University
Press. https://doi.org/10.1017/CB0O9780511803161

Putnam, R. D. (2000). Bowling alone: The collapse and revival of American community. Simon
& Schuster.

Ribeiro, M. T., Singh, S., & Guestrin, C. (2016). ‘“Why should I trust you?’ Explaining the pre-
dictions of any classifier. In Proceedings of the 22nd ACM SIGKDD International Conference on
Knowledge Discovery and Data Mining (pp. 1135-1144). Association for Computing Machinery.
https://doi.org/10.1145/2939672.2939778

Rogers, E. M. (2003). Diffusion of innovations (5th ed.). Free Press.

Salganik, M. J. (2017). Bit by bit: Social research in the digital age. Princeton University Press.
Sampson, R. J., MacIndoe, H., McAdam, D., & Weffer-Elizondo, S. (2005). Civil society recon-
sidered: The durable nature and community structure of collective civic action. American Journal
of Sociology, 111(3), 673-714. https://doi.org/10.1086/497351

Schmidhuber, J. (2015). Deep learning in neural networks: An overview. Neural Networks, 61,
85—117. https://doi.org/10.1016/j.neunet.2014.09.003

Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A. N., Kaiser, L., &
Polosukhin, 1. (2017). Attention is all you need. In Advances in Neural Information Processing
Systems 30 (pp. 5998—6008).

Velickovi¢, P., Cucurull, G., Casanova, A., Romero, A., Lio, P., & Bengio, Y. (2018). Graph atten-



SRR IHEE R g, SRS RH

tion networks. In Proceedings of the 6th International Conference on Learning Representations.
[38] Wilson, J. (2000). Volunteering. Annual Review of Sociology, 26, 215-240. https://doi.
org/10.1146/annurev.soc.26.1.215
[39] Wilson, J., & Musick, M. (1997). Who cares? Toward an integrated theory of volunteer work.
American Sociological Review, 62(5), 694-713. https://doi.org/10.2307/2657355

Computational Sociology of Volunteering: A Cross-Level, Multi-Model
Framework Integrating Artificial Intelligence

Zhang Wangcheng, Yu Zhuoer

Abstract: Traditional sociology of volunteering relies on small-sample surveys and static analyses,
which struggle to capture the large-scale dynamics, network complexity, and cross-scale nature of vol-
unteering behavior. This study proposes a framework of “computational sociology of volunteering” that
integrates multi-source data representation learning, graph neural networks (GCN/GAT), sequential
models (LSTM/Transformer), survival analysis, multi-agent simulation, and causal inference. It builds
a multi-scale modeling system covering micro-level individual behavior, meso-level organizational net-
works, and macro-level system ecology. Through explainable artificial intelligence methods (attention
mechanisms, node perturbation, counterfactual interventions) and ethical governance mechanisms (fair-
ness constraints, differential privacy, auditing systems), the framework translates core sociological con-
cepts—such as social capital, participation trajectories, and organizational collaboration—into comput-
able variables and supports simulation-based evaluation of policy interventions. The three experiments
described in the paper (prediction of participation persistence, structural hole analysis of organizational
networks, and multi-agent simulation of policy interventions) are currently theoretical designs and will
be empirically validated in future research using real-world volunteering platform data. This study
provides a transferable methodological pathway for computational social science in the public service
domain.

Keywords: Sociology of volunteering; Computational social science; Graph neural networks; Explain-

able artificial intelligence; Policy simulation
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