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Th IR THRGE

o LA B4 5 % Democritus (£ 7LAT 400 ) ikA4:
CEM—ABERK A REEHE L
® 324% (1561-1626 4)
“AE S iR RARYE A R X A AFE MY SR
® 2011 & % %5 1F# Pearl:
“To build truly intelligent machines, teach them cause and effect.”
® 2018 8 7 %3 1% Bengio 4= LeCun F5:
“It's a big thing to integrate causality into Al."
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R ¥ AL

% F R R E Fagtak
o FRK AT EELY
® Jal, — A4 REZAMRRAZM 24 9 (Cause of Effect)
o 174 B £ALH 7 (Causal mechanism)

EXFRE, RN E AT ERRIEA (Effect of Cause). REZ, 2 TiFh—/A R
BagBERIER, BATayiZich RRALE A, OH —BATH R Rt ik,
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SESESEEPS

* RERRX Z RN HRITH R

® RITFERERE T EMMXXANTWRNES, FHARBE LT LA K K R HAT— LT 5
#r

* ERSHHEAT, MAXAFTREATHRLA.

* ARG AR —Fagith: CR-AXTRFELRGTM, B o F—A
th/ZXFEREETR (RFER) FHTEREML?
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® dofTAAX X AILE|RRX 4 2
o X FIAK R REM
°* ARIEHA—ITXT
O 3 —AHIHER, MR REREZ
@ HIfMMAKX A RTARX ZaylRik
© T IR B R BUR M, AR R R ik
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RELE (T, 452, RFE)A HTHA, LNFLEXEMARE
R (Pl mmRA)Y

ST LI 4 P ST WL a4 R 2
E

RALM G P03 2 BRI R

— kg F

@ A Ex ey A R R

@ 7TEGHE: —AP MR B B — A T4 ¢
© ZFFABK  mayR B i E
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T £ /R 15 2] 4

® %744k £ Confounding bias

® 3% (#K) 15 £ Selection (sample) bias

® M-&i% £ Measurement bias

® X = KApE BRI EIL, 2L AR A X
o X = NARLG K 0GB IRIRAGIR A

EARREY, ZNFLRTHRERE.

Beijing Technology and Business University Causal Inference February, 2023 9/21



&
S

o I MHFI P R 8 i HAE— R TR, AR foss R EHANE (R
B Fozt Re LR RA) 098w X &M ARLE %L (confounder).

e IREZLIMEXZHARRA: REAE
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IR 2R #5049 45) F-Yule-Simpson 12584 A 5245 F |

Berkeley #4704 N 52440 5] 3540 (Bickel, et al. Science, 1975):

FIC AFKI Ff RRE
B4 3738 4704 8442 44%
44 1494 2827 4321  35%

Table: & 5 B 4547

3 A B C D E F
FAWFEASL 825 560 325 417 191 373
FIFR 62% 63% 37% 33% 28% 6%
SeAdiE A4 108 25 593 375 393 341
FIFR 82% 68% 34% 35% 24% 1%

W A B 933 585 9018 792 584 714

MFARIEE L BB, T AR A LT 2
E—o e



# 4 )Lk E1% %8 (Low Birth Weight Paradox) |

Yerushalmy (AJE, 1971) #= Hernandez-Diaz et al. (AJE, 2006):
o FURFAFaEILAT R T RRBEFGIILLT F,
o S B MEFey )Lk TRREF a9 EILE Sa9 LBW(IKE AR E) &,

o fo%, fefifih A U, BORA 09 BLAT R KT RR A F e L R
(RR = 0.79)

o Jrffh A B LY, FERIASH LBW,; RREEEE RS LBW Lk & ik G e R 4%
(4o ik A B 18)
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RERE: HEEE P EE

® Simpson 13t AL & 5 &, TAK AR
° LBW it ¥ M EE45 &, FINTRE.
SHTBAR A T Y ey AAEER,
REeA LBW 42,
R % # %70 LBW 4o Y a9 R E W& (Rimbd b RELIG).
LBW R EE

N

* ATMER AL —IFIEFINT 40 F
RAMEIRAE “FhaRRRIR”
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B AR A5 04 ) F-ak dn i aG 1 A |

® Ak FHKH & 500 s, 12— A A Fid
HARA R R A AAA R, $EITR.

® b Ao S FRACHE: L Simpson 1338

TAE A Ak 2 3 17 ok o 3
THRE | 2B/ ARFR | AB/ET ARFE
& 502/555  90% | 416/465  89%
R E 96/111 86% | 212/248  85%
W& 16/27 59% 4/7 57%
it 614/693  89% | 632/720  88%

° Rt Z AL 4ofT, (b B LA A

Beijing Technology and Business University Causal Inference February, 2023 14 /21



ARG 04 ) T- 2k i g A 1
degree of injury

I

tourniquet ——> to the hospital —— survive

\/

o fek, #% F selection bias(iLiFM1F): FEEHFIELAIA;
R CFIERZATRT N
R R EEBERA T
kil — A BIR AR,
1B RAIFE]: bdiy - FEHFEIL — & AYREER

o T b Z AL ho T, oE A AL AT )
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IR A 0y 1) F-ab de A g 48 R 1

® IXANLEIE T ARIE AT
THAE “MRIKR” #h EHFER Fo “EH.

TEWRR A AR AT, 2k 75 HRIZ A |
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JEAB B AE M

o LAt

Simpson 1%k, dxHIREEE (MA) BE IR R,
o P ETHLERSZ A AERERE:

AR ERE, RPN EE (RE) JIANRE R,
o AR

NIIR A AF R .
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B R AR a9 AE R

o #irsE 2 (Neyman, 1923; Rubin, 1974.)

AL ARk T R RAR A e e 5L
o AR M&AEA (Pearl, 1995.)

ERAEF Ao REF Loty aTR T, ZAER T 0 R B 2 25 Ray B R1E A

) SR 24 AR % bk A 5 A MU Fo ) 3R T TR R ALiE S

ARMGEHER AL QRTERZE SATEZZMGARKLAL.

BRI 4 ARG R R AR, AL AR A B, N FABB IR R A
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ek RARR

SUTVA (stable unit treatment value assumption): AN RAg 125 £ R % A
g2, Ft AENANREET AR T oy s RoE—

SUTVA miii: K =ZvE i R¥eh S magse £ K= L3 R¥m Al

SUTVA T i: R FEFoh v iFiRR.

® A 43T (treatment), A=1 KREdcaE, A=0 KEAIEZHTHE.
® Y, #fE#5 R (potential outcome), R FBAedE 432 A=a FhyER.

® Y. ZIFRMLMAGLER, Y=AY1 + (1 - A)Yo.

(consistency, —# MH1B.%)

° X WEE.
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FRAEA |

® Nk i gy R AEA (individual treatment effect, ITE) # g Lh:
ITE() = Y1(i) — Yo(i).

R RAEWT 8 — A R FIA: AR T R R eI E] Y1(i) A= Yo (i).
B e, AR B AR R AT TR A AL S A8 A b

® Zikuy 3R RAEA (average treatment effect, ATE) #7 3L:

= EY1 — Yo).

® 432 aay-T 3R RIEA (Average treatment effect on the treated, ATT) # & L A4:
TaTT = E(Y1 - Yo |A=1).

4o, dofT i H i o ABE Loy B RAER .
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FRAEA 1

® afR&ZEAY-T 3R R 1EA (Average treatment effect on the control, ATC) #% & LA:
Tarc = E(Y1 = Yo | A=0).
® ATE, ATT 4o ATC =409 % LA 4o T

T=pr(A=1)7arT +pr(A=0)TaTC
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