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Three analytical frameworks of causal inference and their applications
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ABSTRACT Causality is a generic relationship between an effect and a cause that produces it. The causal relationship among things
has been a research hotspot; however, the complexity of causality is sometimes far beyond our imagination. Although some causality
problems seem easy to analyze, finding an exact answer may not be easy. Nevertheless, through the continuous innovation and
development of empirical research methods in recent decades, we have had several clear analytical frameworks and effective methods on
how to define and estimate causality. Exploring the causal effects among things is a promising research topic in many fields, such as
statistics, computer science, and econometrics. With Joshua D. Angrist and Guido W. Imbens winning the Nobel Prize in economics for
their methodological contributions to the analysis of causality in 2021, causal inference is expected to thrive in these fields. This paper
briefly introduces the basic concepts involved in causal inference and its three analytical frameworks, namely, counterfactual framework
(CF), potential outcome framework (POF), and structural causal model (SCM). Firstly, we introduce the origin of causal effects
according to CF. Secondly, based on the counterfactual theory, two analysis frameworks are considered (POF and SCM), and we
introduce the associated key theories and methods. The SCM explains the causal theory through mathematics and computable language,
and it is a calculation model that clearly expresses hypotheses, propositions, and conclusions. It quantitatively analyzes the pair of cause
variables under the premise that the cause and effect variables are known. The POF makes up for the missing potential results, such that
the effect of the observational research is close to experimental research. The SCM is a causal inference method based on graph theory. It
divides events into three levels: observation, intervention, and counterfactual. Through the “do” operation, the causal relationship at the

intervention and counterfactual levels could be reduced to low-dimensional problems, which can be solved via statistical methods.
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Finally, the current application scenarios of causal inference in many fields are discussed in this paper, and the three analysis frameworks

are compared.
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XoF HRZH 2 A AR ARL A3 A 0 O SR FEAS EE A 5 v
¥ K B ) OGS ME & — ¥ 15 75 43 ( Balancing score) ,
2 AT o A B S W PR 1 S T T BE AL A
ST, A AR A 2 P4 A A 40 ) — el

TR R NNAL (Inverse propensity weighting, IPW)
BAE w A EC A B RS w = X/n(x) + (1 - X)/
(1-m(x)), Horp, xR 53 BEAL ], m(x)3R 7 51 1]
fH. SCHR [30] ZEF AL, AT LUK 35 R SR AL
B 38 A R AUAG 11 s ATE = X1 XiYi/m(Vi)-
L (=X)Yi/[1=r(V)L SCHR [31] &P, £ AL
L B A 5 3 WA ) R AL A A2 AT ok ED 2 o g
A B 22 5 SR TTAE S BR AR T v, 300 A3 i AR ) 1E B
P v R AR A0 ) L 1 O 1, — BT A TR
IRl 22 590 25 7™ L 5 M0 395 A8k 23 M A A A
333 RNk

41 J2 77 1% (Stratification) X # FR b F 5328, &

TRR R R R TR —. Ry
W A AR 43y [R] J5 19 F- 53 )2 (Block) e i 2 [A]
98 2H RO IR 2H 2 [ 25 S0 e i 25 . BARIR
AN 2 T A R X BE A AR P AR R T
R UL AR AL Y, BRI, [R) A )2 o A i
5] LU AE REAE Rl AL AR 3 56 9 2 BC AL W, e mT
DA Bt A1 6T B 56 v 09 13 R T RS TR N
RIS E Sy GRS = 7/ o < A B EA S R DO SR
REMEAG T I B e, 432 7 2 B AL TR
P DRS00 e 22, H AR B 2 S )2 T K2 5
— R A

25 ME 2% ( Equal-frequency) J5 #5250 3@ o i ] {5
XK FEAT 0 2, RS TR A
A AE A B O A, AR Y ST 34 R SR 00 DU R st g
SR =X AR i NS By g A B3 e B [l /N
M Ak SR E A S sSad imFEh R
BOR B TT 25, B XX Ze ) R, SCRik [32] $2 i T —
b AE ) 6 53 245 31 0 J2 2547 390 ME 3 A g Ay
T, BRAR T A5 ME R T vk vt B v 7 2 0] R

4 FHHERZEE

R g fE 245 R B A, R W P il R 2 1
— LAY g R 5 M R A Y ( Structure causal
model, SCM), Pearl™! [ i T 31X P 2 4 7Y 59 25
PE. MHELZ R, W TR 45 RS TR o, i 235 4 1A
SRR T UL, 548 PR R A R AT DA R 2 A
w2 A IR R, Pearl 2EF DU Hr 45 82 10 T
AP P M A, O A T A T SR BRLR OC R P
BT —FIE AR BT, HR) T B H A
PRI O 2 AR 7 AR AL B9 T k.
41 BERUMBERXZR

BIEE R —Fh &) iz M E#iE &, UL
WL b A 34 5 ) 2Z (8] AH B R e 1) OC &R, W RE 08 28 0k
i B iz A e RLSR TR . FEB2E R, A [ B
TR XAy Z 8] B PR AR 2 T8 XTI 2 y 45 R i —
FAVHR N E RBAREE R A B B — Y
FROAIZ B 1 A 9 s B A S A, oAl g
o R DS AR DS L (1B TR e el 1
AR R WY A W Sk O LGB ER, IR 40X Ak AR B FR
FA AR, YRR SR LR B
A 1] BE ARSI, 3K A BIFR A IR B, ANTEAE R B A 0]
E w2 A 7 TG E (Directed acyclic graph, DAGs )P,

A DR SR 4 W 28 L [ B 37 AR A2 1 PO AT, B
B e 3 TR AN EE A BRI A RUE D, TR
TR TS FE A I AL S T RE A8 ™ A b Ak B X S
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KR OC & 0], Pearl -kt T —Fh U2 F B K36
XA T REIE A R 8 8 e BRI i
B, BP g5 Ay R B R B ( Structural causal model,
SCM). AT 4 iR B St AL G IR RRAIE S FLAH B
YERT, BRI, 4540 PSRRI 3R T anfaf Sk Jg%
R A AR 1 A

MIE X A, 454 PSR A iy — 41 pR AL
f={fc: We o X[ X eV}, P2 R4 UR VI L,
Hrpurh 28 s Fr A &, VP 28 s BRI
AR, BRI R — S N A AR R D R — A
A A A i ) JE AR A AR AR A B R SR B — AR
T, BT A AN RE R N AR RS
R T SR T8 RS A A AR R, IS4 R ek 2
FRT LS8 A 2 B N AR AR I E

AT E L 2 T ) o3 B i 45 4 PR A
RUBT PR AT D g o PRLAR OG R R Ak e X: 7R A
BRI, R AR xR AR YR AL P A Y2
XP B R SRR i xR AR iy SR AT L IR
A Y SR X PV AE I DR (A% 38 1 1 R R 15 100 L Ak AN
Titie).

FEG R RI ISR A2, IR R B
e WK FE T 1) T BRI 1) = Fh I AR AR 25 4, 1D
FERARZEH . SORZE M FIRHE LS, = Fh 45 B AN
[F) B9 A BT i 7 =, BT A DR IRTERR AT DA i o ik
“REER WAL, TR I AR 45 7R 45 4 DR R AR A
2] v 4R A 2 R R . FRIRE5H (Chain)
AR — T —FE, TLLRR N XoY—Z, Fmfs
SACRT B ] A0 5 R 2544 (Forks) Xe—Y—Z R
& ELAT DL rp ] 4y K 380 T v 5 X648 45 44 ( Collider)
X—Y—Z 7R v [a] [m) I 42 050 oy =0 i AR L. 7
S AL PR R R 2 4 5 R N S5 R T LA AR 43
SRS Y ik N e b A R  ER  N
(R R 2 . AR 6 4 2 T Bt B il Al 25, SRS
M2 S EORE W 22, M S50 & S BN A R v
it 22 5 7 52 4 DR SRASE Y A 9 i o3 B v e 5 TR A
PR A, A REHEWT Hh MER I LR OC R
42 EARXZRZHN=AEZR

R KR C LN T IACHE 2 B 2
THZ—, T ASAFN K, Pearl® 5 K 556
N5y R = ARG A2 HOR LK (Associa-
tion), W N B W B 8 SO GETH AR G E, WPk
R IE BRI T X — 29 L St %
25 5 A Z YR T 1 (Intervention) , ‘B AN 3 A
T3 e UL i e UL Kb A B R AL, B AR N
IR UL ZE T G A T AT o & R BT A SR

A2 Y [ 3 5% (Counterfactual), X — )2 20 JE X
i 2% B AR B9 AT A A BRLRTEL ) e an < an SR A
W FEXT B R HL A #24E, M2 R B #24E, 53
e U ERE A SR P N RN~ B/ )
GIREUEAR Ty S U S B e s IO =1 = 8
42.1 KB

P A A AR 2 HE X PR R OC &R B B L3R R
R WERIBIE G oA . R 454 P AR A8 A) LA
AREIR n AR B BG40 A0 38 3 0 Rk AR
B2 AR AW n A REL, UL AR 22 T 1 R AT
A AT DAAS B I A A E 28 DL R 45 A~ il Gk 3 22 [l
() SRIBE. X AT ] AT 1] JCBA &, AR 70 v AR i (R
g3 A AT DL 5 15 SR A RS A P(F S A AT
RO MSRFR, EA TR A E R R, 7E
ARV E P 2 T R E TR R, K]
(TR J2 35 SORIL R W — 1 1o 4 53 A1 A 1 [ R 8 4 o
— MR 53 A Ak T a)

HJ2 2 FRATT T 1 A5 0 AR it 2 ] ELAA 1) pR 45 G
A, BUJCHE R R 22 00 43 A IF, st a] LR R iR
-4 B 5 W i e DA b TR) . S B iy v B T LA
R PR R OC R R IR A TN &2 4%, A8 i 2 [H) TT fE
A2 4Rk, BB BEMEG 20 Eal ke
254 P, I DU 3y X 2% /Y a4 85 1 0 —
A5 F iy BRLR PRI R A e+ . a0 85 %) S i g v
B R )R A AR — SR B AR, IR A
FERD A d-3% 385 AR AEAE N a4 8, ol X
PIAAS REAH B ST . d-43 B EE A AP DAL
FR A T 5 R A, HA R R Y AT DA RH B — 2% I
15 QUAREE 7 AN S, A5 B IR AN SR S5 44 1Y
TP ] 7 LA B 48 45 1 B 0 48 5 6 A 9 A
A d-or B T R A R R AR ATE T
d-7r B R AR S, A RT EARTE BRI A 178 3
MATESZ AR Z BN REOCR, I H 05
AL 52 it ey B ) A e ABE AR T AR AT 4 R PR Y
Ko 56, 3 A A5 AT DAY AR 1 A5 A v A B Y
S XX AT 5 o8 38, AR B — > 28
A
422 T

ORI 2 DAL 0 5 4l Ay 0 5% 6 R AT S8 1t o1
B, oI oK el 28 B8l 1 43 A1, T 1 F0 A s B
A EAE A FEFRAUE OO, AL R 50y
A () AR SR SR R T AR RET S R Y. 7B
PLXT IS AN LA T (S 0T, BF 9T 35 AR F L%
PEWFFE 5 0, AE 33 B J7 I AR M R OC 3R AR G
K F U ok, R, 7R SE B R A SR e O
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TRERLF2ER, 26 44 5, 5 7

905 T RS it ) AR AR LN E L X
I, Pearl®™ $2 t H do iz BRIk T Hl. LLanP(Y =y
X = )RRTEX = x5 T Y = y IR0, B R
e T 7E XHUE AR 2 ) AR by i SR S AL i
P(Y = yldo(X = x))F/m il i T Wl X = xi} Y = y A
O, B R TR A i S A B X EBRCTE S [
FE MY =y AR S

D] SR 4 T ) ) A B G 1 v A R
B SUR—3H. GeiteEh, WA AS [F] AR 2
BOGE L AN [R) B4 UL 55 4k 1 o A, IR 4 R AT B A A
B H0RT DAL 3 B, 2 5 R SR A0y ] A
B o0 A ofE— R, I TR ATTAR PR R R S
AL DAY, PR OC ZR 0T LU 3 do 28 18 20 RN A
AR 5 56 2 00 Hh ke A B A PR SR O6 &R rT R
S e, T 3 A fin A R ) R AT 5 PR AR
BN, 45 A DR SR ABE AR e kB 5 X G e in - T
KFELL T =FhFBL.

(DAIEZ K 78 BUERAG T, 38 5 T3 3
PR SR80, U 34252 T Hildo(X = Dfildo(X = 0)2Z [7]
B 26 501, (HRAE A B CHER B 0T, Jo A L%
T Ao X0 5 R A B A R RO PR O L
5 B AR A, LG P 2R A7 Ak B 1 OB T i, B
Xof WA AR 2 AT 1 FURE A4S 7] A Sk 2o A, 7
B2l Py, 378 18 U Y BB 9 4
DAL S A R R R A .

R xZyMIEH, Hz2X vy, B R
FIRFTEX - YHIX « 7 > Y ZRBSAE. ISR AR 2
18 3 1 10 8 P(Y = yldo(X = x) R fE, B 2 P,
(Y =yIX = x), WKz 48 m xSk BB, &+
Tia, Z Wil 2o A AR, B P, (Z = 2) = P(Z = 2),
DKL Sk 6 83 i 1) X 014 75 Sk 2 AN 5% 1) 7 18 ARE 3643 A0 1Y 5
[, 20 T A, JFEREPY =yZ=2X =0l
AR, AN X H R AR A = T AR
b, v X X F Z 1 e 7 bR BN AR L RIS RUAE O X
HzRdEW, WP(Z=X=x)=Py(Z=2)=
P(Z =2).

L5 EATAL P(Y =yldo(X = x)) = X, Pu(Y =y|X = x,
Z=2Pu(Z=2). WaMMABERR, 55— 4
T 9B 4k 3% O 1 A R 2 2L PY = yldo(X = x) =
Y P(Y =)X =x,Z=0)P(Z=2), XHAREAR. &
IEAKXS Z 0 B — A BUE TR T Xy Z [ 1) %
F, SR 5 R X BB SR OF 1, XA o B R PR Ry < X
ZWLIE”.

(2) J5 TTHE I AR 4l A% 1E 28 2R e vl DL A
1, R T RE — A AR R — AR A IR RN

T BRI AR o (AL AR B UE AT AS AE s {HSE PR I
A E AE 23 32 B — BE R ] UL A4 A2 T A5 R
LR - RES R TRIE. B4
ARG & T 5 — U2 R a8 744
SR, PR R DL A g E 0 A Y TSR Ak
N7 KRV R B T TS PR AN Y — A T
TH—J5THfEm.

J& TTHE B A AR v SR 25 78 — A 1) G
WEIGKRHh —X AL wXY), R EEES
ZH R RO R X SR AR A, B LA ZBE W T
X, Y Z (6 (0 BT A & A 38 ) x #EA (RUS T2,
A2z /X, Y Z I8 B I T T, X6k y i) DR SR 3 s
A DL G M E A ST TAE. 1T o D ) A e A
Gz EsKk: O] LABH W] & 43 16 1 X )5 1] A2,
B A X, Y AH DG AR A% 38 x0™ A 1 R SR 2800 3 @A
DL e AT i Ry 25 A, sl A BEL BT X, v =2 i) g TR S
BEAR s AN LI 1 i Ry A5, o AEX, Y 22 [H] 7
R IEAR.

(3)H T A 223 R BE AL % B 56 DA Ab
B4 75 T A T R SR R L B, i 1T o ) AR T — o
RS T R E A A, (AR RX Y Z
() A7 AE AN AT UL 2% £ TC vk BH W A x 81 y (1 )5 1T T 6 A%
Ak, S DR SR AR SR A T U A 1O S T A B X
FRRFER TGO, Pearl $2 H T HIT TN 455 — AN A 1)
TAE G R —X A PR w (X, Y), IR RES
ZH T SOV T A X Y Z 8B AR
QxRN zZ HNEH G 1R QA z2 Yy M5 T
TR X LI 5 I8 AT L3l 2 i o DU A A O

Bilan, BB G A e A R R 42 U — Y I
U-X->Y—-Z BFUREATWMNA G, H%A
R HK X—U->YX KWK, Pr=
yldo(X = x)) H G818 i P T HE NSRRI 1,
XB z Z RIS AG J5 11 AR, DA ke HL PR SR 2 1 ] 5 )
P(Z=zldo(X=x)=P(Z=zX=x); H KX, \zF vy
JE TR Z X « U — YL XN BRI, K PR
L PSS R U 7 R £ NP B S A
P(Y=yldo(Z=2)=3, PY =y X=x,Z=2)P(X =x) £
Br do iz 545 2 A0 112 3, R W 4 o R
K ARAT X, Y I 2 AR R SR RN 2 P(Y = yldo(X = x)) =
>, P(Y = yldo(Z = 2))P(Z = zldo(X = x)), FH LA b 1§ 4
N, K doiz B3 5] P(Y =yldo(Z=2)) =
S P(Y =yX =x,Z =2)P(X = x), RIFT T4

FE TR I 2 2 1] o DU RS D o U A 3 B
do iz 5 (1)1 LT % AR P AT L A0GE A A
4D XU 000 250 s A A8 S A sk T A AR ) ) PRLSR OG
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FRUEATHERT. AFRIE L YR, S PIR 75 C B AR
T 7R SR b A S Rl R, HUR SERR B, R
A6 1 3 L0 K5 i 45 2 T Gz 8 nT BB ERUEL, BE G
Xt z 8 A AR TR 3 SRR, 7R T 3 vk 3 3
A7 32 BRI, AT LL3E S 39 A R A 7 ik v IR AR I
J5 155 19 52 B R M
423 JLFL

BEF 235 40 DR SRR AU 1 F o S HE B A O FE T
ARG ST x =1, (BB X = o, y & &4 /8
FEAE 47 N b — 383 AT R0 3B AT L3 i do iz
SRR B AT T BN AR R OC R, HRTE
RS, do iR B S, ANREEHIX 0 T 5
B =S, PR A ) 2R 0k O Ok A e 35 50 2
YRS

(D) FLmE L 5K RE.

L — T B M I HHGR A M h
()RR, AN E B B EUMN A EEY, H
F1U = ufRFXSIEA S AR A, 35 504

CTEU = ul LT, 2 BB X BUE x, Wy 23 Uy

CAEY ) =y, o X, Y0 v (4R B A28 5
1B — A~ g A R SR AR pg, Hoh X = aU, Y = bX+
U, BB 235 RS S Y (), BNTEU = ul& B0, R
XHUE x, yIIHUETE O X = xB e X = aUTH 3]
BRI M, FACAU = w8 Y, () = bx+ U. ¥52
S ME A T B AT ] 45 k) R R R g, SRS
Yo" JE A E LR Yi(u) = Yo, (), FRRBERL m
) R SE Y ()i SO R TR R M Py Y
fif. B — R A — et AL IR X = x,
My, =y.

J5 = S R RA T — M 43 Ay 0 AR R R A Ay
FE VRSN TS 3k R P DR SR AR AR (1 3 AR T LA 43
=B, b, B e AR AL O (Abdu-
ction) ,J UE 8 E = effy 52 40 4= A8 5 URIAE ; @17 3)
( Action) & B AR 28 a3 FH X = x5 8 4t JROR 455 80 vp
A5t x i F3h 2 @I (Prediction) i & 1E J5 1
BRI M AU F L Ry (B, ABSHE] S &% |
WA PRAEAT R, 1 SE AR XY WA e BRI
FU, T T R BR B A T BORST A B X = x,
T JE AR XoF 2o 2% R DA U R 1 1 4% 1 ok T oK
. ZEALAY, BT X AR B 2 P AR A4 A A R
@ W A S E 4 BB (U)K 1R P(UIE = e);
QFT B B MUY A I X = 5 g J e AR ) rp i
xRk O & IE 5 B R MR
P(UIE = )it R L5 Ry (H.

fii ] do iz B ik + HUE — FpARLF 19 7 vk, IR

AfERAE R LMY do i B WE? 15, F
SRIE Y do B Z MAFTEE F R 2% 5 do i H
T WU W SRTT R, T YR T — A
EMF R R U =ufe T2 F AT R, T 5
SIS AR 2Z (Bl 2251, do i 5N REZ) i)
552 0] B, B E(do(X = 1),Z=1) #E(Yx=1|Z = 1).
BN AT Kz = VB 1R T WS 1 2% 1 7E x = 1A
X = 0PN |32 T 2 1 AS R BIE 98 6 2 i 4E
M J5 8 A A Ao Sz = 189 BRI 58 X 4
45, do BRNRERIIA G H. HI, do i 55 0l LI
T A A, T B = S B BE 34 B — I B S
I 2] 1) 225 TH 1) AR R

(2) RF LM EIE LRI,

S SR Ry 45 40 O R 0 i AR BEAS, ] DLEE
LR G 4 PR SR T e A5 3 ek . an SR8 oA A
MAR R TR M, R4 M, )45 A8 Byl 2
BRI () R LY, BRGSO SR RS Bk T A 48 1)
16 B0 AR i xSk, MR U, R RS R
RIrh 5AR Ry AH OCI A Y U R 5 Y A DG ER A

b, R REZWE X - Y E T &,
B 2HE 25 5 Z W 0T, X748 2 X0 T A BUE x,
g Ry AR xS, B P(Y.IX,Z) = P(Y,|Z).
WG UL b B 25 S — Bk B fE AT AR #]
P(Yy=y) =Y. P(Y, =YX = x,Z = 2)P(2), X it /& A&
IR IE A R
43 ZEHERMRFTE

5 Ay DR SR A TR S e 17 (] B 1R 1) A [
() DR AR, L5 0 R 25 S T ik e Yy I f LA —
E AR R, (AT DL L o 7 5 SR A5 780 T ik o 1
FIWHR 4R ZRZ S e, 24— AR 5 6 4 R
45 JL AR A G, I W AE 5 SR O ik T Ik G
HIE A IR A &K, HSCHE [40] FE T 2544 P R4
T J7 VLB T X431 4 DR 3% R HL A A8 it 1) 59k SC
Wik [397 12 T 35 25 by DR SR ABE R 1% iy 17T 4 JU) 3R 51
Jride. FHEC TV A 4 SRS, 454 PR AR R Ty 1k T
BRI IR AT DR SRR A T A b AR TG A5
SEA B (H T B G = A AR I,

SCM J& X 75 i [] PRI SR O 2R 189 8 1R o0 BT, % 45
P R SRS R R AT 2 804k, R 45 b 5 R R A
( Structure equation model, SEM) & & i & . 7E
SEM Hh 25 Az gyl LA M TR R B Ny =
fX,a), Hrh x B RARES, aft 1R 2200 H ol Sr
Tx. SCHR [43] $E 1 T 2 15R 25 WUA T 2 15 773 A
L5 R T R AR R R B, I B S R 22 0 (A Y
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TRERLF2ER, 26 44 5, 5 7

PRR G 3 2 W AR 5 SCRIR [44] # 7R IR 22 R &
A ANESE 1 TR U N NS B vl W 7
## K (Independent component analysis, ICA) # 17
PRI PR, BEXTBIAR sR B AR 10 B IR AT R AN
Z&[n] L, SCHR [45] % SEM 5 A Bk pR BT 58 HE 22
SEEL T LR R BURT SEM Y 25 5 B ks SCik [46] 2
T — R AR AR R A IR 22 A SR
b7 A I ) RS e M . AR XS AR R
75 0 PR AR O ZR AT, SCHR [47] A IR R PR
53 BT AT BIRE A0 S7 Y 45 A B O AR e, AR R AR
Sy A AR R B R OC R BT X N
il RIS Y, SR [48] 2k T A IR B A 1 1 Rl
B By IR AT A, T v AR A i ] AT R LA S
R [49] $2 11 T — B I T LA 204 v AR B PR SR A
W 3, g v 2 IO 24 25 Ay 2 > ) L4 i Ry B — A

T B DR SR AE B[R] . SRR [50] TP EER T DAG,

SEM., DI H-37 /0 25 F1 TAN D1 i 37 3 2% P e A 751 o
B D SR T eb % JEER RN, AN AL, O DR AR A
WA R e R B T T S R

5 MH

WFFE IR 2R O Z& L 24 R 5C R R 22 07 VA R
A E RIS BAT — 5 198 5 P, PRR 9 W 7
TR BB S G P AT S 2 T R
FA AT TR

R 2522 F 2 Hin g iz Rt
Ty 0 22 55 7 i Z [A] 0 PR OR OC R AT E & O A
S O ER GG L AT AR B, IR AN SGTE TR
D AL 27 >0 D) PR HG S 4 P S R b U i
PR, E A RBHE N AUs , & IR IR
SR, B G TR T AR RE AR D 4R AR A EdE
I 8RB, H TC VA AR G b b B RS A 4
SRR . R AR S B S AR 8 ST
DyWhoe 2R O R AR AL T LA i AR AR S A
BT ARAS b 5 i b il O 5t BT 5 |2 1 oA A T
PRV 22, AT PR G R AR 30 LU A IRAEA Y
il BE B P8 B Sk SO RTEE . 2015 4, Bareinboim Al
Pearl®"! $1 21| 7 P& 4 Wy A A Bl 10D R, 42 R
Bl 27 > il 5 ) i 4E K PR R A W ob i w0 20 4
HLOSCHR [52] WHLER 2 2] 5 4% G2 R R W i
A AT, BE LS R A g s
AT . SCRR [53] R AL %2 2 B0 20
LR R7IN S U 0 2 i B = o = 51 e R Pl A
-1 PR RO S L R AR H A 24 PRER AN
A BEPLRR AL T A5 53 SCHK [54] 51 A B

705 gk SV A A6 1) A5 43, 30 ek AR R ) 1 43 TC ke A Ak
DI e ST, I R T ) A5 4 DS TE A A
LR ERE. B AR 2 E s #OR AL RS & 2] < B
IKE " YA A, A TH P SE S AR A LA HEAT L S S A
W, AN SCHR [55] Fh & T — MO S8R 5, 43l
i e 5 190 53 TC AN 4G SR AR B AR AR OC B PR i, T
PONTEAER DI SN =S N 3 1 = A 2 2 T T
WK RS, 12007 6 38 T 7 349 BRI 9 Ak 3 2%
AL 3CHk [56] W43 AE IR SRR . BERLARAK . K 3T
S 25 ) 2% O 48 7 BCHE A A i AR, AT LABE
b 1) B A2 B R AR S M ROR 1R A e R R
Wi #h 7. SCHR [57] £ th T —FP SR e %) 28 AL
Gt DA R R R, FERFEAG ST
BAWL . SCHk (58] $2H T —FBr i
FETHLAR 2 2] T W 27 ) T ik — 3 T iR
SN E oy AR EY CR i e e N E R AN RS WIUR (VXS
PR 45 by 5 T DR R, SO FH AR AT 32 422 0k Sy
SR AT 5

PRLSR 4 W7 70 3 S AL R 2 v B T2 0
A5 RS T IME G, TEiHE
LA v v, BEA B9 L5 (] 24 (Visual question answe-
ring, VQA) T Z i {5 [] T #6155 MR e 78 43 1
A0 8 AR B Z RS MR SR [59] DA Pearl it
Ty F2 %) M S RIS AR S LA, 25508 T A i 2 AR
BGTEE g, AU RBE 5T 288 8UE
XA — X R R e X2 . NTEE L —3
Y RIS O AR RO S AR AS DT . SRR [60] AR
i PR DG 2R 48 R T S S HE SR 1 VQA A, B
fi 3 2k DA S PR R A8 ek 2 L 00 R v D
X 28 B B B ) R R AR OE T IR 25 4R )L SOk
(617 38 4 37 PR 5 4 T ATE 22 5K S AR AR 38 1 1Y
B RO, B T IR A S B R R K
JFE B8N F1A) A7 A T S B0 45 S 22, W LA R Bk
I JE RN I HE U E R . Sk [62] FE 55 R
B T8 S 43 v T R S5 R B bR 2 22 (] 1 A
RKFR, i B SCEE (CONTA) Jrik, LRI
B 5r 2rh IR R R 22, DT N 5 2 43 AR R 4
BEOT AP R AL . 7R A= 2 (ZSL) F ik =GR 5l
(OSR) Hr, i UL iy Bk k2 vh 2 0 28 1 B AT 9 2%
JIT A 5 S B A A, (H 20 R R AT 2
2 [a] 1R 1) 28 ™ N S i 5 SCHR [63] S ZSL A
OSR # i — A S CHE DL, A 2k 3 T 2 AR
TR 3 218 2 i ) AR, 5 78 7 5 AR i O T A 3] d
FAE . BT OCIE ML IR R A TR IR G
A4 AT B 04 Ta) R0, SR [64] 2 71 1] 7 0 42
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H R G DR AL 3 e TRV ROCR S R
BLEI PR RE. BE XS HE T 28 GEA7 16 M B £ 22, SC
MK [65] 18 4 12 Y — b BT A 10 A 3 W R0k, SR /N
BTGl 0 BN B R M IE e Pl 22 . ISR R G
B 7™ Az o ot ik A 0, EL ey ol 2R 5 o 68
T, 38 A BE SR UL EOULAY A B s SCHR [66] 78 4 4t
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