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Abstract

Over the past two decades, mediation effects and interaction have been central
research topics in the study of causal mechanisms. VanderWeele’s 4-way
decomposition for a single mediator has established a foundational theoretical
framework for research on mediation and interaction. However, when other scholars
attempted to extend the single-mediator model to multiple mediators, they encountered
challenges, as the number of causal pathways grows exponentially with the number of
mediators. The 28-way decomposition method for two ordered mediators proposed by
Liao in our research lab demonstrates the complexity of this issue. Although the original
28-way decomposition method did not fully incorporate the definitions, identification
assumptions, or results based on the counterfactual model, it provided a direction for
mechanistic analysis involving two ordered mediators. Therefore, this paper reviews
the 28-way decomposition method for two ordered mediators proposed by Liao, defines
these 28 path way-specific effects using the counterfactual model, establishes
identification assumptions, and presents identification results. Additionally, we
compare this method with the "mediation criteria" proposed by Miles, carefully
examining whether the 28-way decomposition method for two ordered mediators
satisfies the mainstream academic criteria for reasonable mediation analysis.
Furthermore, this paper extends the 28-way decomposition method for two ordered
mediators to the scale of the population intervention effect (PIE). The population
intervention effect and the population attributable fraction (PAF) are mathematically
related and serve as key indicators in public health research for assessing the impact of
removing an exposure factor on the overall population. Under the population
intervention effect framework, this method evolves into a 33-way decomposition
method for two ordered mediators. Similarly, we present its counterfactual model,
identification assumptions, and results, and compare it with previous PIE and PAF
decomposition methods proposed by other scholars. This study aims to provide a
comprehensive theoretical interpretation of statistical indicators in public health

research.

Keywords : average causal effect , population intervention effect , mediation effect -

interaction effect
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—[¢5(0,0,0,1) — ¢5(0,0,0,0)]
effect1o | AZ = M, % My 2 A% SMy o My2 My MR B5Y | $5(0,0,0,1) — $5(0,0,0,0)
A4 = 2 74 M1M2 I A A4 %\:M1 ’ 1\425l T4 Ml’fr'Mz IR [¢5(0'1IO'0) _¢5(010'0'0)]
effectll
’ e Ry ~[$:(0,1,0) - $4(00,0)]
BFAa AM;%2 3 2 M2 = My 742 AfeMy 2 5 5% 258 | [65(0,0,1,0) — ¢5(0,0,0,0)]
effectl12
BV M, » My B2 5Y —[¢,(0,0,1,0) — ¢,(0,0,0,0)]
Az = AM % 3 4 M3 = A% £ My AfeMy 2 3 iE* BLEM, [62(0,0,1,1) — 5(0,0,0,1)]
effectl3
N M, 3 B 5Y —[$5(0,0,1,0) — ¢5(0,0,0,0)]
A Az MM 3 2 | AR FE2 A M oMy » MyfeMy e 3 08 | [5(0,1,1,0) — ¢5(0,0,1,0)]
effectl4
v i —[$5(0,1,0,0) - $5(0,0,0,0)]
pFA S AM ;% 3 4 MMpy% 34 | M{Ep 743 AfeMy2 3 (5% 258 | [$6(0,0,1,0) — $4(0,0,0,0)]
effectls
£V £V M, » MyfecMyin 3 ie % §558Y —[5(0,0,1,0) — $5(0,0,0,0)]
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—[¢5(0,0,1,0) — ¢5(0,0,0,0)]

+[¢(0,0,1,0) — ¢,(0,0,0,0)]

pird= VERS MM, 33 | MyRp 74 % 5 A2 £ My > MyfeMyih | [¢5(0,0,1,0) — $5(0,0,0,0)]
effectl6
= I Er Y —[¢(0,0,1,0) - $,(0,0,0,0)]
Ad = AM; =2 3 4 MM,% 324 | A2 My > AfrMy % 3 8% B5EM, > [¢6(0,1,1,1) — ¢4(0,1,0,1)]
R R N » , _[¢5(0111110) - ¢5(0:0:1:O)]
= = MyfrMysh 3 18 28y —[¢5(0,0,1,1) — $5(0,0,0,1)]
effectl?
[¢6(0,0,1,0) — ¢6(0,0,0,0)]
- _[4)5(0:110:0) - ¢5(0:0:O:O)]
—[¢5(0,0,1,0) — $5(0,0,0,0)]
A & RF 4 AM;2 3 2 AfeMyen? 3 (5% Y (FAL 2 [¢h5(1,1,0) — ¢,(0,1,0)]
effectl8
= My > AfeM; 2 3 8% FLEFY) —[¢4(1,0,0) — ¢,(0,0,0)]
S A2 = AM, %2 3 4 AfeMyin2 3 5% LY (AL = [$,(1,0,1,0) — $,(1,0,0,0)]
effectl9
= M, > AfeMy 2 3 fe% YY) —[¢,(0,0,1,0) — $,(0,0,0,0)]
AL = M2 = AMy2 3 4 | AL A My M2 3 M, AfeMyR 3 05| [$5(1,0,0,1) — ¢5(1,0,0,0)]
effect20
+ PERY ~[$5(0,0,0,1) — $5(0,0,0,0)]
A4 = BoFA AMMp 23 | A2 S My Mpp 72 % AfeMyfeM, | [$5(1,1,0,0) — ¢5(1,0,0,0)]
® ZEI ERRFY —[¢5(0,1,0,0) — $5(0,0,0,0)]
effect21
—[¢(1,1,0) — ¢,(0,1,0)]
+[¢4(1,0,0) — ¢,(0,0,0)]
A2 = M2 = AM M, % = A SMy o My2 2 My 0 AfeMyfeM, = [¢6(1,1,0,1) — ¢(1,0,0,0)]
i - A ) ~[¢5(1,1,0,0) — $5(1,0,0,0)]
S ERITETBFY ~[p3(1,0,0,1) — 5(1,0,0,0)]
effect22
[¢6(0v11011) - ¢6 (0,0,0,0)]
—{—[¢5(0,1,0,0) — ¢5(0,0,0,0)]
—[¢5(0,0,0,1) — ¢3(0,0,0,0)]
AL AM{R 3 2 | AMp 23 2 | A2 AMy » AfeMy R 3 T BEM, 0 A | {[¢5(10,1,1) — ¢5(1,0,1,0)]
= = frMy 2 3 8% Y —[$5(1,0,0,1) — $5(1,0,0,0)]}
effect23
_{[¢3 (0'011v1) - ¢3(01011v0)]
—[¢5(0,0,0,1) — ¢53(0,0,0,0)]}
pizd s AMy2 3 2 | AMpe 3 2 MR A S Afe M T iE R R (65 (L0.10) — b (10,0.0)]
= = M, > AfeMyen 3 15 % 2548y {—[¢3(0.0,1.0) —¢3(0,0,0.0)]}
effect24
_{ [$,(1,0,1,0) — ¢,(1,0,0,0)] }
—[¢.(0,0,1,0) — ¢,(0,0,0,0)]
Az 4ss AMMy %3 | AR 2 S My feMy > AfeMyfeMz = £ { [p5(1,1,1,0) — $5(1,0,1,0)] }
4o 2 3 i BLRY —[¢5(1,1,0,0) — ¢5(1,0,0,0)]
effect25
_{ [¢5(0,1,1,0) — ¢5(0,0,1,0)] }
—[¢5(0,1,0,0) — ¢5(0,0,0,0)]
Ad = AM;% 3 2 AM{M, % 3 A S My > AfeM % 3 5% BLEM, 0 A (66 (1L1,1,1) — ¢(1,1,0,1)]
. N 4 ” _[¢5(1,1,1,0) - ¢5(1,1,0,0)]
EY 4 % feM oMy = € 2 3 i JEY B B
effect26 : [¢$6(1,0,1,0) — ¢4(1,0,0,0)]

+[¢5(1,0,1,0) — ¢5(1,0,0,0)]
_[¢3(1,0,1,1) - ¢3(1,0,1,0)]
+[$5(1,0,0,1) — ¢5(1,0,0,0)]
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[¢)6 (0,1,1,1) - ¢)6 (0,1,0,1)]
—[95(0,1,1,0) — ¢5(0,1,0,0)]
_ ! _[¢6(0101110) - ¢6(0l0l010)]
+[¢5 (0,0,1,0) - ¢5 (0,0,0,0)]
—[93(0,0,1,1) — ¢5(0,0,1,0)]
+[¢3 (0,0,0,1) - ¢3 (0,0,0,0)]

|
)

poiTd AM2 3 4 | AMM,2 3 | M{Ep 74 % 5 AfeM; 2 3 (5% B35 6. (LOL0) — du(L0.00)]
. 4 s = > T B R —[¢5(1.0,1,0) - ¢5(1.0,0.0)]
N 4= M, A‘erlffr‘Mz__ £33 iF* # Ry {—[¢3(1,0,1,0) — $.(100,0)]
+[¢Z(1101110) - ¢2(1:0:0:0)]
effect27
[¢)6 (0,0,1,0) - ¢)6 (0,0,0,0)]
] —[¢5(0,0,1,0) — $5(0,0,0,0)]
—[#5(0,0,1,0) — ¢5(0,0,0,0)]
+[¢2 (0,0,1,0) - ¢2 (0,0,0,0)]
RS A2 = AMMy% 35 | MyE_f 52 % > AR SEM, » AfeMyfe | {[65(1,0,1,0) — $5(0,0,1,0)]
2 M= £ 23 iv% BFY ~[$,(1,0,1,0) - 6,(1,0,0,0)]}
effect28

_{[¢5 (1:0:0:0) - ¢5 (0,0,0,0)]

- [¢)2 (0,0,1,0) - ¢)2 (0101010)]}

3 23RO IRIB I NE R FEFeojeieF i E o APy T
MU LN R E AT (TR E BLD R T £ 7 2 Y(a,my,m,) ~ My(eq) -
My(ey,my) ez ik £ £ 4] > (A P afrcfl iy 4] o 3 > @ * 2L
SRFEFHADTE TR AEBFFAY AF)IM My 5 - A S HeniE 2
ToRARLGL R RN BB A PLE L B PSET Fr o B kw A
PE s b i R e ef fect2BRAS DT & A TAL EE M h T T g

Yo Myp 72 =0 F1% ST ET5

E[Y (0, M,(1),0) — Y (0, M, (0),0)] — E[Y(1,0,0) — Y(0,0,0)]
= [¢4(0,1,0) - ¢4(01010)] - [d)l(l,0,0) - d)l(0,0,0)]

FEE- HATIER LT R T
E{[Y(1,1,0) — Y(1,0,0) — Y(0,1,0) + Y(0,0,0)]M,(0)}

¥ ¢ @[Y(1,1,0) = Y(1,0,0) —Y(0,1,0) + Y(0,0,0)] ¥ 2§ i B LR
EFRFFA P AFSMEYRIE® > M(0)R &7 ¢ A TS M p 72 & ek
Moo T A 24 PIEEIE - LN RS 220k 1Y (a,my,my) ~ My(ep) ~ My(ez,my)
bR R TR A A2 TR A BT o L N IERS S T KPR Sk
P12 pedt ¥ 3 Y (a,my,my) ~ My(ey) ~ My(ep,my) 5 ¥ F HAl 2 2%l L& hm

A5

E:rl o
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% 24 75 B? 4Tl effectl~effect28csE L2 F ¥ W3 T &

T Definition
effectl | E[Y(1,0,0) —Y(0,0,0)]
effect2 | E{[Y(1,1,0) —Y(1,0,0) — Y (0,1,0) + Y(0,0,0)]M;(0)}
effect3 | E{[Y(1,0,1) —Y¥(1,0,0) —Y(0,0,1) + Y(0,0,0)]M,(0,0)}
E{[Y(1,1,1) -Y(1,1,0) - Y(1,0,1) + Y(1,0,0) — ¥(0,1,1) + ¥(0,1,0) + Y(0,0,1)
ef fect4
— ¥(0,0,0)]M, (0)M(0,0)}
E{[Y(1,1,1) - Y(1,1,0) — Y(1,0,1) + Y(1,0,0) — ¥(0,1,1) + ¥(0,1,0) + Y(0,0,1)
ef fect5
- Y(O'OIO)]Ml(O) [MZ(Otl) - MZ(O'O)]}
effect6 | E{[Y(1,0,1) —Y¥(1,0,0) —Y(0,0,1) +Y(0,0,0)]M,(0)[M,(0,1) — M,(0,0)]}
effect7 | E{[Y(0,1,0) —Y(0,0,0)][M, (1) —M;(0)]}
effect8 | E{[Y(0,0,1) —Y(0,0,0)][M,(1,0) — M,(0,0)]}
E{[Y(0,1,1) —Y(0,1,0) — Y(0,0,1) + Y(0,0,0)][M; (1) — M;,(0)][M,(0,1)
effect9
— M,(0,0)]}
effect10 | E{[¥(0,0,1) —¥(0,0,0)][M, (1) — M,(0)][M,(0,1) — M,(0,0)]}
effectll | E{[Y(0,1,1) —Y(0,1,0) — Y(0,0,1) + Y(0,0,0)][M, (1) — M;(0)][M,(0,0)]}
effect12 | E{[Y(0,0,1) —Y(0,0,0)][M;(0)][M,(1,1) — M,(1,0) — M,(0,1) + M,(0,0)]}
E{[Y(0,0,1) = Y(0,0,0)][M, (1) — M, (0)][M,(1,1) — M,(1,0) — M,(0,1)
effectl3
+ M,(0,0)]}
E{[Y(0,1,1) —Y(0,1,0) — Y(0,0,1) + Y(0,0,0)][M,(1) — M;(0)][M,(1,0)
effectl4
— M,(0,0)]}
E{[Y(0,1,1) —Y(0,1,0) — Y(0,0,1) + Y(0,0,0)][M,(0)][M,(1,1) — M,(1,0)
effectl5
— M,(0,1) + M,(0,0)]}
effectl6 | E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + Y(0,0,0)][M,(0)][M,(1,0) — M,(0,0)]}
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effectl?7

E{[Y(0,1,1) —Y(0,1,0) — Y(0,0,1) + Y(0,0,0)][M, (1) — M;(0)][M,(1,1) — M,(1,0)

—M,(0,1) + M,(0,0)]}

effectl8

E{[Y(1,1,0) = Y(1,0,0) —Y(0,1,0) + Y(0,0,0)][M, (1) — M;(0)]}

effectl9

E{[Y(1,0,1) —Y(1,0,0) — Y(0,0,1) + Y(0,0,0)][M,(1,0) — M,(0,0)]}

effect20

E{[Y(1,0,1) = Y(1,0,0) —Y(0,0,1) + Y(0,0,0)][M, (1) — M;(0)][M,(0,1)

- M,(0,0)]}

effect2l

E{[Yy(1,1,1) -Y(1,1,0) - Y(1,0,1) + Y(1,0,0) — Y(0,1,1) + ¥ (0,1,0) + Y(0,0,1)

— Y(0,0,0)][M, (1) — M, (0)][M(0,0)]}

effect2?2

E{[Y(1,1,1) -Y(1,1,0) - Y(1,0,1) + Y(1,0,0) — ¥Y(0,1,1) + ¥Y(0,1,0) + Y(0,0,1)

— Y(0,0,0)][M, (1) — M, (0)][M(0,1) — M,(0,0)]}

effect23

E{[Y(1,0,1) — Y(1,0,0) — Y(0,0,1) + Y (0,0,0)][M; (1)

— M;(0)][M2(1,1) — M,(1,0) = M;(0,1) + M,(0,0)]}

effect24

E{[Y(1,0,1) — Y(1,0,0) = Y(0,0,1)

+Y(0,0,0)][M, (0)][M,(1,1) — M,(1,0) — M,(0,1) + M,(0,0)]}

effect25

E{[Y(1,1,1) - Y(1,1,0) — Y(1,0,1) + Y(1,0,0) — ¥(0,1,1) + Y(0,1,0) + Y(0,0,1)

— Y(0,0,0)][M, (1) — M, (0)][M(1,0) — M,(0,0)]}

effect26

E{[Y(1,1,1) = ¥(1,1,0) — ¥(1,0,1) + ¥(1,0,0) — ¥(0,1,1) + Y (0,1,0) + Y(0,0,1)
=Y(0,0,0)][M, (1) = M, (0)][M,(1,1) — M;(1,0) — M,(0,1)

+ M,(0,0)]}

effect27

E{[Yy(1,1,1) -Y(1,1,0) - Y(1,0,1) + Y(1,0,0) — ¥Y(0,1,1) + ¥Y(0,1,0) + Y(0,0,1)

effect28

E{[Yy(1,1,1) -Y(1,1,0) - Y(1,0,1) + Y(1,0,0) — ¥(0,1,1) + ¥Y(0,1,0) + Y(0,0,1)

— ¥(0,0,0)][M, (0)][M(1,0) — M,(0,0)]}

PR BE R & X8 S FARR S N L R

1. Y(1,0,0) — Y(0,0,0) 5 A$> Y ehE BB E > A>Y

2. Y(0,1,0) — Y(0,0,0) 5 M, Y chE B8 M, » Y




3. Y(0,0,1) —Y(0,0,0) 5 Mpy¥t> Y chE 288 > My - Y

4. Y(1,1,0) —Y(1,0,0) —Y(0,1,0) + Y(0,0,0) 5 AM, ¥ Y e
A ‘M1§+Y¢j T® AMl _)Y

1rmL

BEE S L

5. Y(1,0,) = Y(1,0,0) = Y(0,0,1) + Y(0,0,0)  AM, ¥V i3 8.5 » 4 3L
A‘Mz‘l_{i‘yij ks ’AMZ_)Y

6. Y(0,1,1) = Y(0,1,0) = Y(0,0,1) +Y(0,0,0) 5 MM, $°Y e HRLF » 4 il
M1 ‘Mzé"’:'j-y—:lj TT:_’#MlMZ_)Y

7. Y(1,1,1) — Y(1,1,0) — Y(1,0,1) + Y(1,0,0) — Y(0,1,1) + Y(0,1,0) + Y(0,0,1) —
Y(0,00) 2 AMy My $20Y 603 4+ 2 3o RA My~ Mp$Y 23 67
AM M, > Y

8. My(1) — My(0) 5 A%t M, 3 2928 5 A - M,
9. My(1,0) — M,(0,0) 5 A My chE 8% > A > M,
10. M,(0,1) — M,(0,0) 5 My %13+ Mychd 3858 > M, —» M,

11 My(1,1) = My(1,0) = My(0,1) + My(0,0) 5 AM, $ My 1 68 F » + L
A Ml‘l,{"i'MZ T4 % > AM1 i Mz

4304 2.4 APEEIR B SN FE T AR A P AT % Rl T g % T
LN ER SRR EFA T Az BFEEF HAY(Qm,my) M (e)
My(e;mp) EReNT & > L 5 R ﬁ’i‘i‘%“: LA el o £ 2
AT R RO o ik Meffect2en T B E b4

E{[Y(1,1,0) — Y(1,0,0) — Y(0,1,0) + Y(0,0,0)]M,(0)}

Y(1,1,0) - Y(1,0,0) —Y(0,1,0) + Y(0,0,0) & T A ~ M Y2 3 i®% » 2 F] % Bl %
T« AM; > Y > meffect2i 7 AR AM e 3 IEH IE o 4 B EEE G A AMy -
My > AM; > 27 Mi(0)Ap 724 e #71AT ¢ 5 sxfedpre My o | 207 Ao
effect2F1 % B H 5 A > AM; > YI My > AM; > Y > 3 7 AfeMy2 B il § 7%
o B EIRFIERBNEEE 2.8 Sfs AP R L NIFREF IO NT] S
BEm 425
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M,

|

A —— AM, —— Y

B 2.8 Meffect2B b1 B2 H F % Bl eni &

25 - L N EREF DO DNT] R B

effectl effect2 effect3 ef fect4 ef fect5 effect6 effect7
M,
My M, My, — M, M — M,
A — Y ! | A — AM My — ¥

A—— AM;—— ¥

A — AMy—— Y

1

N

A —s AM My — ¥

A—s M, — ¥

M
effect8 ef fect9 effect10 effectll effectl12 effectl3 effectl4
m. M " My M,
A— My — ¥ \\ A— My — M,— ¥ | /” 4 MMy — ¥
A M!—vM My—s ¥ A = My—s M My— ¥ A s AMy—+ My== Y [ A — AM;—> M,—> ¥ Mz/
effectl5 effectl6 effectl?7 effectl8 effectl9 effect20 effect21
My
o, M M, My M, / 1
| | T ! 1 AR
A= Ay — My— MiMy— V| A — My — M M,— ¥

A e AM, My e M My ¥

A—> AM,M,—> Y
A— AM, —— Y| A——AM,— Y ~N_ 1My
MZ
effect22 effect23 effect24 effect25 effect26 effect27 effect28
M.
M) s M, /’ My ‘1" / Af-l M—> AMy— M, M AM, — M, 11
/{\AMIM ; /It\'l—'Mz_’AMz"Y A AMy = My — AMy — ¥ A AM My — ¥
and 1My —

~—

A — AM{My — ¥

A — AM My, — ¥

A —e AM, My — ¥

\Atf

(222) =+

1-3\

4 T

A

P & B A AR e gl o S AR Y

Bizdrfaiz inF TR HCALE - FIEF >~ pRE
Fo ) E o AP R AFT T 2 L AR

A

SRR R
drfias

R

¥ O F % S,
= SNV s NS SR SRR R Y i

FEE S Eane s o s Tk ST KRBT k-
HEREFEFHAY(a,m,my) » Mi(er) » My(ep, m) )5t i3 3 0
PEROTE B B BB S B LA BRE S N B

GO T R Sl D oA T 0 R AR T A B F % S BPARR 0 B4
$4(0,1,0) — ¢,(0,0,0)f§ ©* %A,(010 —000) > 1T 4 2.6 p| & -+
FFE RS TSR FER BRI R -

S L E N

+
s
BFY T

[

u"—‘-

F TR

NE=E):| I 4

N E B R TR
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effectl
Definition
E[Y(1,0,0) — Y(0,0,0)]
= [¢1(1;0;0) —¢1 (0,0,0)]
= A,(100 — 000)
Identification

E[Y(a, m1,m2)]
= E[Y|A = a,M; =m;,M, = mz]

Required Assumptions DAG
(A1) Y(a,my,my) L {A, My, M5}
e (A1.1)Y(a,m;,m,) LA A—— Y

[ ] (A].Z) Y(a, ml,mz) L MllA
[ ] (A13) Y(a, ml,mz) L M2|A, Ml
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ef fectd

Definition

Ef[¥(1,1,0} - ¥(1,0.0) = ¥{0,1.0% + ¥{0,0,07] M, (0]
= E[FI:L M0, 0) — F{ﬂ,”l{ﬂ}, U}] . E[F{Lﬂ,ﬂ} - .'!"'I:_ﬂ',ﬂ,ﬂ]]
= [L‘#.;.[I.D;D} = 't'ﬂ I:ﬂvﬂ-'ﬂ}] b= [dllf_:l.ﬂ,ﬂ} x: #’I{DFDFHH

= A, (100 — 000) — A, (100 — D00)

fdentification

E[Y{a, Mi(ey), ma)]

E[Y{a,my, m;]]
= E[¥|A = a,M; = my, Mz =m;]

Required Assumptions

DA

(AL) ¥({a,my,mz) L {4, M, M}

o [AL1) ¥{a,m,ma) LA

e (A1.2) ¥{a,m, m:) L M|A

o  [AL3) ¥Y({a,m,my) L Mz|A, M,
(AZ) ¥ (a,my,me) L Mi(e;)

(A4) My[e,) L A

A—r AM;—>Y
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effect3

Definition

E{[Y(1,0,1) —Y(1,0,0) — Y(0,0,1) + Y(0,0,0)]M,(0,0)}
= E[Y(1,0, M,(0,0)) — Y(0,0, M,(0,0))] — E[Y(1,0,0) — Y(0,0,0)]
= [¢’2(1,0,0,0) - (bz(O,U,0,0)] - [(pl(lnorﬂ) - ¢’1 (0’0*0)]

= A,(1000 — 0000) — A, (100 — 000)

Identification

E[Y(a,my, My(ep,m))]

=Im,E[Y|A = a, My = my, M, = my] P(M; = my|A = e;, M, =mj)

E[Y(a,my, m;)]
=E[Y|A=a,M, =m,M, =m,]

Required Assumptions

DAG

(A1) Y(a,my,my) L {A, M, My}

e (A11)Y(a,m;,m,) LA

e (A12)Y(a,m,,m,) L M,|A

e (A13)Y(a,my,my) L My|A, M,
(A3) Y(a,my,m,) L M,y(e,,m;)
(A5) M;(ez,my) L {A,M,}

e (A5.1) M,(e,,my;) LA

e (A5.2) My(ey,my) L My|A

A— AM, —— Y
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effectd

Definition
E{[Y(1,1,1) -Y(1,1,0) - Y(1,0,1) + Y(1,0,0) - Y(0,1,1) + Y(0,1,0) + Y(0,0,1)
—Y(0,0,0)]M;(0)M(0,0)}

= E[Y(1, M,(0), M,(0,0)) — Y(0, M;(0), M,(0,0))]
— E[Y (1, M,(0),0) — Y (0, M(0),0)]
—E[Y(1,0,M,(0,0)) — Y(0,0, M,(0,0))]
+E[Y(1,0,0) — Y(0,0,0)]
= [¢5(1,0,0,0) — ¢5(0,0,0,0)] — [¢04(1,0,0) — ¢4,(0,0,0)]
— [¢2(1,0,0,0) — ¢,(0,0,0,0)] + [¢1(1,0,0) — ¢1(0,0,0)]
= A5(1000 — 0000) — A,(100 — 000) — A,(1000 — 0000) + A, (100 — 000)

Identification

E[Y(a, M1(€1)'M2(€2'm1))]

= Zmlsz[Y|A =a,M; = my, My = my|P(M, = my|A = e;, M; = m)P(M; = my|A = e,)
E[Y(a, M;(e1), m;)]

= I, E[Y|A = a,M; = my, M, = my]P(M; = my|A = e;)

E[Y(a,my, M,(ey, mp))]

= I, E[Y|A = a,M; = my, M, = my]P(M, = m,|A = e;, M; = m})

E[Y(a,my, m;)]

=E[Y|A = a,M; = m;, M, = m,]

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, M5}
e (A11)Y(a,m;,m,) LA

o (A12)Y(a,my,my) L M |A 1
e (4A13)Y(a,my,m,) L M,|A, M,
(A2) Y(a,my,my) L M, (e;)

(A3) ¥ (a,my,my) L My(epms) t
(A4) My(e;) L A

(A5) My (e, my) L {A, My}

e (A5.1) M,(e,,my) LA

e (A5.2) M,(e,,my) L M,|A
(A6) My (ez,my) L M;(eq)
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effect5

Definition

E{[Y(1,1,1) - Y(1,1,0) — Y(1,0,1) + Y(1,0,0) - Y(0,1,1) + Y(0,1,0) + Y(0,0,1)
= Y(0,0,0)]M;(0)[M;(0,1) — M;(0,0)]}

= E v (1,M,(0), M5(0, M, (0)) ) — ¥ (0, M, (0), M5 (0, M;(0)) )]
— E[Y (1, M,(0), M,(0,0)) — Y(0, M, (0), M(0,0))]

— E [v (1,0, M(0,M,(0))) — ¥ (0,0, M5 (0, M, (0)) )]

+ E[Y(1,0,M,(0,0)) — Y(0,0, M,(0,0))]
= [¢6(1,0,0,0) — ¢6(0,0,0,0)] — [¢5(1,0,0,0) — ¢5(0,0,0,0)]
— [¢3(1,0,0,0) — ¢3(0,0,0,0)] + [¢,(1,0,0,0) — ¢,(0,0,0,0)]
= A¢(1000 — 0000) — A5(1000 — 0000) — A3(1000 — 0000) + A,(1000
— 0000)

Identification

E [Y (a, M; (91)’ M, (82’ My (el)))]

= Zp,m, E[Y|A = a,My = m;, My = my]P(M, = my|A = €3, My = my)P(M; = my|A = ey)
E[Y(a, M1(€1)'M2(€2'm1))]

=L m E[Y|A = a, My = my, My = mp]P(My = m,|A = e;, My = my)P(My = my|A = e;)
E [Y (a, ml,Mz(ez,M1(€1)))]

= Zmm,E[Y|A = a,My = my, M; = my]P(My = m,|A = e, My = m;)P(M; = my|A = e;)
E[Y(a,my, m;)]

=E[Y|A = a,M; = my, My = m,]

Required Assumptions DAG
(A1) Y(a,my,my) L {A, M, My}
e (AL1)Y(a,m;,m,) LA M;— M,
o (A12)Y(a,my,my) L M,|A \ 1
e (A13)Y(a,m;,m,) L M,|A, M,
(A2) Y(a,mqy,my) L M;(ey) A — AMle — Y

(A3) Y(a,my, my) L M;(ez,mq)
(A4) My(e;) L A

(A5) My(ez,my) L {A, My}

e (A5.1) M,(e,,m;) LA

e (A5.2) My(e,,my) L My|A
(A6) My (ep,my) L M(eq)
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effect6

Definition

E{[Y(1,0,1) — Y(1,0,0) — Y(0,0,1) + Y(0,0,0)]M,(0)[M,(0,1) — M,(0,0)]}

= E v (1,0,M,(0, M;(0)) ) — ¥ (0,0, M,(0, M,(0)) )|

— E[v(1,0,M,(0,0)) — Y (0,0, M,(0,0))]

= [¢3(1101010) - ¢3 (0101010)] - [¢2(1)0)0)0) - ¢2 (0'0'0'0)]
= A;(1000 — 0000) — A,(1000 — 0000)

Identification

E [Y (a, ml,Mz(ez,M1(91)))]

=S m, EIY1A = a, My = my, My = my]P(M, = my|A = e, M; = m)P(M; = my|A = e;)
E[Y(a, my, M2 (62' mll))]

= T, E[Y|4 = @, My = my, My = my] P(My = my|A = €5, M, = m})

Required Assumptions DAG
(A1) Y(a,my,my) L {A, My, M}
e (A1.1)Y(a,my,m,) LA Ml B MZ
e (412)Y(a,my,my) L M;|A 1
e (4A13)Y(a,my,m,) L M,|A, M,
(A2) Y(a,my,my) L M,(e;) A — AMZ —l Y

(43) Y(a,my, my) L My(e3,mq)
(A4) My(e) L A

(A5) My (e, my) L {A, M}

e (A5.1) M,(e;,my) LA

e (A5.2) M,(e,,my) L M,|A
(A6) My(e;,my) L My(ey)
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effect7

Definition

E{[Y(0,1,0) — Y (0,0,0)][M, (1) — M;(0)]}
= E[Y(0,M,(1),0) — Y(0,M,(0),0)]

= ¢4(0,1,0) — ¢,4(0,0,0)

= A,(010 — 000)

Identification

E[Y(a, M;(e;), m;)]
= ZmlE[Y|A =a,M; = my, M, = my]P(M; = my|A = e;)

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, M5}

e (A11)Y(a,mym,) LA

e (A1.2)Y(a,m;,m,) L M;|A

e (A13)Y(a,m;,my) L M,|A, M,
(A2) Y(a,mqy,m;y) L M;(eq)

(44) My(e1) L A

A—— My — Y
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effect8

Definition

E{[Y(0,0,1) —Y(0,0,0)][M;(1,0) — M,(0,0)]}
= E[v(0,0,M,(1,0)) — Y (0,0, M,(0,0))]

= ¢2 (0101110) - d)z (0101010)
= A,(0010 — 0000)

Identification

E[Y(a, my, M, (e, mll))]

= Zsz[YlA =a, Ml =m,, M2 = mz] P(MZ = mzlA = €y, Ml = mi)

Required Assumptions

DAG

(A1) Y(a,my,my) L {A, My, M5}

e (A11)Y(a,mym,) LA

e (A1.2)Y(a,m;,m,) L M;|A

e (A13)Y(a,m;,my) L M,|A, M,
(A43) Y(a,my, my) L M;(ez,my)
(A5) M;(ez,my) L {A M.}

e (A5.1) M,(e;;my) LA

e (A5.2) My(ey,my) L My|A

A— M, —— Y

24




effect9

Definition

E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + ¥(0,0,0)][M; (1) — M1(0)][M,(0,1)
— Mz(0,0)]}

= E v (0,M,(1), My(0, My (1)) ) — ¥ (0, M, (0), M5 (0, M,(0)) )]
— E[Y(0,M,(1), M,(0,0)) — Y (0, M,(0), M, (0,0))]
— E[v (0,0, M5(0,M,(1))) = ¥ (0,0, M5 (0, M, (0)))]

= [¢6(0,1,0,1) - ¢6(0101010)] - [¢5(0111010) - ¢5 (0,0,0,0)]

- [¢3 (0,0,0,1) - ¢3(0101010)]
= [A¢(0101 — 0000)] — [As(0100 — 0000)] — [A;(0001 — 0000)]

Identification

E[Y (a Mi(er), My(ez, My (e))]|

= Zmm,E[Y|A = a,M; = my, M; = my|P(My = m,|A = e, My = my)P(M; = my|A = e;)
E[Y(a My(ey), My (ez,my))]

= Zmm,E[Y|A = a,M; = my, My = my]P(M, = my|A = e;, My = my)P(My = my|A = e;)
E [Y (a my, My (e, Ml(el)))]

= Zmm, E[Y|A = a,M; = my, My = my]P(My = my|A = e, My = m)P(M; = my|A = e;)

Required Assumptions DAG

(A1) Y(a,m;,m;,) L {A, M, M,}
e (A11)Y(a,mymy) LA

e (A1.2)Y(a,m;,m,) L M;|A

e (A1.3)Y(a,m;,m,) L M,|A, M, / \
(A2) Y(a,my,my) L M;(eq) M, —> M;M,— Y
(43) Y(a,my, my) L My(ez,my)
(A4) M, (e;) L A

(A5) M;(ez,my) L {A, M}

e (A5.1) M,(e,,m;) LA

e (A5.2) My(e,,my) L My|A
(A6) My (ep,my) L M(eq)
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effectl0

Definition

E{[Y(0,0,1) — Y(0,0,0)][M; (1) — M1(0)][M,(0,1) — M,(0,0)]}
= E[v(0,0, M,(0, M;(1))) — Y(0,0, M, (0, M1 (0)))]

= ¢5(0,0,0,1) — $5(0,0,0,0)

= A;(0001 — 0000)

Identification

E [Y (a,mpMz(ez’Ml(eﬂ))]
= Zmm, E[Y|A = a, My = my, My = mp]P(M; = my|A = e, My = my)P(My = my|A = e;)

Required Assumptions DAG

(A1) Y(a,my,my) L {A, M, My}
e (A1.1)Y(a,m;,m,) LA

e (A1.2)Y(a,m;,m,) L M;|A
e (A13)Y(a,m;,my) L M,|A, M,
(A2) Y(a,my,my) L M;(ey)
(A3) Y(a,my, my) L M;(ez,my)
(A4) My(e;) L A

(A5) My (e, my) L {A, My}

e (A45.1) M,(e;,m;) LA

e (A5.2) My(ey,my) L My|A
(A6) My (ep,my) L M;(eq)
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effectll

Definition

E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + Y(0,0,0)][M, (1) — M, (0)][M,(0,0)]}
= E[Y(0, M,(1),M,(0,0)) — Y(0, M;(0), M,(0,0))]

— E[Y(0,M(1),0) — Y (0, M;(0),0)]
= [¢5(0,1,0,0) — ¢5(0,0,0,0)] — [¢4(0,1,0) — ¢4(0,0,0)]

= As(0100 — 0000) — A,(010 — 000)

Identification

E[Y(a, My (er), My(ez,my))]

= Zmlsz[Y|A =a,M; = my, My = my]P(M, = my|A = ey, My = m)P(M; = my|A = e,)

E[Y(a' Ml(el)' mz)]

= EmlE[Y|A =a,M; = my, M, = my]P(M; = my|A = e,)

Required Assumptions DAG
(A1) Y(a,my,my) L {A, My, M3}
Al1.1) Y(a,m;,m,) L A
¢ (A1) Y(a,mym;) M,

e (41.2)Y(a,my,m,) L M;|A

e (4A13)Y(a,my,m,) L M,|A, M,
(A2) Y(a,my,my) L M,(e;)

(43) Y(a,my, my) L M;(e;,mq)
(A4) My(e;) LA

(A5) My (e, my) L {A, My}

e (A5.1) M,(e;,my) LA

o (45.2) My(e,,my) L M,|A

(A6) My(e;, my) L My(eq)

A — My—> M;M,— Y
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effectl2

Definition

E{[Y(0,0,1) —Y(0,0,0)][M, (0)][M2(1,1) — M5(1,0) — M»(0,1) + M>(0,0)]}

= E[v (0,0,M,(1,M,(0))) — ¥ (0,0, (0, M,(0)) )|

— E[v(0,0,M,(1,0)) — Y (0,0, M,(0,0))]
= [¢3 (010:110) - ¢3 (0)0)0)0)] - [¢2(0)0)1)0) - ¢2 (0'0'0'0)]

= A;(0010 — 0000) — A,(0010 — 0000)

Identification

E [Y (a, my, M, (62, M; (el)))]

= Zmlsz[YlA = a,Ml =my, M2 = mz]P(Mz = mzlA = 62,M1 = ml)P(Ml = mllA = 61)

E[Y(a,my, My(e;,mp))]

= Esz[YlA = a,Ml = ml,Mz = mz]P(Mz = mzlA = €y, M1 = m:’l)

Required Assumptions DAG
(A1) Y(a,my,my) L {A, My, M,}
e (A11)Y(a,my,m,) LA
My

e (A1.2)Y(a,my,m,) L M;|A

e (A13)Y(a,my,m,) L M,|A, M,
(A2) Y(a,my,my) L My(ey)

(A3) Y(a,my,m;) L Mp(ez,my)
(A4) M(e)) LA

(A5) Ma(ez,my) L{A M}

e (A5.1) M,(e;,my) LA

e (A5.2) M,(ey,,my) L My|A

(A6) My (e, mqy) L My(eq)

A— AM;— M, —> Y
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effectl3

Definition

E{[Y(0,0,1) =Y (0,0,0)][M; (1) — M1 (0)][M,(1,1) — M>(1,0) — M>(0,1)
+ M,(0,0)]}

= E[v (0,0,M,(1, M (1)) - ¥ (0,0, M,(0, M, (1))

— E[v (0,0, M(1,M,(0))) — ¥ (0,0, M5 (0, M, (0)) )]

= [¢3 (0101111) - ¢3 (0’0’011)] - [¢3(0)0)1)0) - ¢3 (0'0'0'0)]
= A;(0011 — 0001) — A;(0010 — 0000)

Identification

E [Y (a, my, Mz(eZ'Ml(el)))]
= Em1m2E[Y|A =aq, M1 =my, M2 = mZ]P(MZ = mZIA = eZ'Ml = ml)P(Ml = mllA = 61)

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, M}
e (A1.1)Y(a,my,m,) LA

e (41.2)Y(a,my,m,) L M,|A M,

e (4A13)Y(a,my,m,) L M,|A, M, / l

(A2) Y(a,my,my) L My(e1) A — AM, —> M,—>
(43) Y(a,my, my) L My(ez,my)
(A4) My(e;) LA

(A5) M3(ez,my) L {A My}

e (A5.1) M,(e,,my) LA

e (A5.2) My(ey,my) L My|A

(A6) My(e;, my) L My(eq)
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effectld

Definition

E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + Y (0,0,0)][M, (1) — M,(0)][M,(1,0)
— M(0,0)]}

= E[Y(0, M,(1), M,(1,0)) — Y(0, M;(0), M,(1,0))]
— E[v(0, M, (1), M,(0,0)) — Y (0, M,(0), M,(0,0))]

= [¢5(0,1,1,0) - ¢5(0’0’1’0)] - [¢5(0)1)0)0) - ¢5 (0'0'0'0)]

= A5(0110 — 0010) — A5(0100 — 0000)

Identification

E[Y(a, M1(e1)'M2(ez'm1))]
= Zmlsz[Y|A =a,M; = my, M, = my]P(M, = my|A = ey, M; = m)P(M; = my|A = e;)

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, M5}
e (A1.1)Y(a,m;,m,) LA M
o (412)Y(amy,my) L My|A 1\
o (AL3)Y(amymy) L M,|A M, A < MM, — Y
(A2) Y(a,my, my) L M;(e;) M, /

(43) Y(a,my, m3) L M,(e;,my)
(A4) My(e;) L A

(A5) My(ep,my) L {A My}

e (A5.1) M,(e;,m;) LA

e (45.2) M,y(ey,m;) L M,|A

(A46) My(e;, mqy) L My(eq)
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effectl5

Definition

E{[Y(0,1,1) - Y(0,1,0) — Y(0,0,1) + Y(0,0,0)][M; (0)][M,(1,1) — My(1,0)
— M,(0,1) + M,(0,0)]}
= E [ (0,M,(0), My(1, M, (0)) ) — ¥ (0, M, (0), M5 (0, M,(0)) )]

— E[Y(0,M,(0), M5(1,0)) — Y (0, M,(0), M,(0,0))]

— E[v (0,0, M(1,M,(0))) — ¥ (0,0, M5 (0, M, (0)) )]

+ E[Y(0,0,M,(1,0)) — Y(0,0, M,(0,0))]
= [¢6(0,0,1,0) — ¢6(0,0,0,0)] — [¢5(0,0,1,0) — ¢5(0,0,0,0)]
— [¢3(0,0,1,0) — ¢3(0,0,0,0)] + [$2(0,0,1,0) — ¢,(0,0,0,0)]
= A¢(0010 — 0000) — A5(0010 — 0000) — A3(0010 — 0000) + A,(0010
— 0000)

Identification

E [Y (a, M; (91)’ M, (82’ My (el)))]

= Ty, EIY1A = a, My = my, M, = my]P(M, = m,|A = €5, M, = m;)P(M, = m,|A = e,)
E[Y(a, M1(€1),M2(€2'm1))]

= Zm,m,EIY|A = a,M; = my, My = my[P(My = my|A = e;, My = my)P(My = my|A = e,)
E [Y (a, ml,Mz(ez,M1(€1)))]

= Zmm, E[Y|A = a,My = my, My = mp|P(M; = my|A = €3, My = my)P(My = my|A = e;)
E[Y(a,my, My (ez,m}))]

=Im,ElY|A = a,M; = my, M, = my]P(M, = my|A = e;,M; = my)

Required Assumptions DAG

(A1) Y(a,my,my) L {A, M, My}
e (A1.1)Y(a,m;,m,) LA "
o (A12)Y(a,my,m;) L M,|A !

o (41.3)Y(a,my,my) L My|A,M, l \‘
(A2) Y(a,my,my) L M;(eq)
(A3) Y(a,my, my) L M;(ez,mq)
(A4) M (e;) L A

(A5) My(ez,my) L {A, My}

e (A5.1) M,(e,,m;) LA

e (A5.2) My(e,,my) L My|A

(A6) My(e;, my) L My(eq)
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effectl6

Definition

E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + Y(0,0,0)][M;(0)][M,(1,0) — M,(0,0)]}
= E[Y(0, M,(0), M,(1,0)) — Y(0, M;(0), M,(0,0))]
— E[Y(0,0,M,(1,0)) — Y(0,0, M,(0,0))]
= [¢5(0,0,1,0) — ¢5(0,0,0,0)] — [¢2(0,0,1,0) — ¢,(0,0,0,0)]
= A5(0010 — 0000) — A,(0010 — 0000)

Identification

E[Y(a, M1(e1)'M2(ez'm1))]

= Zmlsz[Y|A =a,M; = my, My = my]P(M, = my|A = ey, My = m)P(M; = my|A = e,)
E[Y(a,my, My(ey,m)))]

= I, E[Y|A = a,M; = my, M, = my]P(M, = m,|A = e;, M; = m})

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, M}
e (A1.1)Y(a,m;,my) LA

o (41.2)Y(a,my,m;) L M;|A M,
o (413)Y(a,my,m,) L M,|A M, |
(A2) Y(a,my,my) L M;(eq) A — M, » MiM,—— Y

(43) Y(a,my, my) L M;(e;,mq)
(A4) My(e;) LA

(A5) My (e, my) L {A, My}

e (A5.1) M,(e;,my) LA

o (45.2) My(e,,my) L M,|A

(A6) My(e;, my) L My(eq)
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effectl?

Definition

E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + ¥(0,0,0)][M, (0) — M, (0)][M,(1,1) — My(1,0) — M,(0,1)
+ M,(0,0)]}
={E[r (0, My (1), My(1, My (1)) = ¥ (0, My (1), M50, M; (1)))]
— E[y(0, My(1), M,(1,0)) — Y(0, M1(0), M,(1,0))]
— E[v(0,0,M,(1,1)) — Y(0,0, M, (0,1))]}
—{E[¥ (0,M,(0), M3 (1, M, (0))) — v (0, M, (0), M, (0, M, (0)) |
— E[v (0, My(1), M,(0,0)) — Y(0, M1(0), M,(0,0))]
— E[v (0,0,M,(1, M,(0))) - ¥ (0,0, M,(0, M, (0)) )]}
= {[¢6(0,1,1,1) — ¢6(0,1,0,1)] — [¢5(0,1,1,0) — ¢5(0,0,1,0)] — [¢3(0,0,1,1) — ¢3(0,0,0,1)]}
— {[¢6(0,0,1,0) — ¢(0,0,0,0)] — [¢5(0,1,0,0) — ¢5(0,0,0,0)]
— [¢5(0,0,1,0) — ¢3(0,0,0,0)]}
= [A4(0111 — 0101) — Ag(0110 = 0010) — A;(0011 — 0001)] — [A4(0010 — 0000)
— A5 (0100 = 0000) — A5(0010 — 0000)]

Identification

E[Y (a Mi(er), My(ez M (er))|

=Zm,m, E[Y|A = a,M; = my, My = my]P(M, = m,|A = e;, My = m;)P(My = my|A = e;)
E[Y(a, M1(€1),M2(ez'm1))]
= Zmm, E[Y|A = a,M; = my, My = my]P(My = my|A = e, My = m)P(M; = my|A = e;)

E [Y (a, m1,M2(32'M1(el)))]
= Zmm, E[Y|A = a, My = my, My = my]P(My = my|A = e;, My = my)P(My = my|A = e;)

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, M5}
e (A1.1)Y(a,m;,m,) LA M,
o (4A12)Y(a,my,m,) L M;|A / | \
e (A13)Y(a,m;,m,) L M,|A, M, A — AM; — M; — M;M,— Y
(A2) Y(a,my,m;y) L M;(eq)
(43) Y(a,my, my) L My(ez,my)
(A4) M (e;) L A

(A5) My(ez,my) L {A, My}

e (A5.1) M,(e,,m;) LA

e (A5.2) My(e,,my) L My|A

(A6) My(e;, my) L My(eq)
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effectl8

Definition

E{[Y(1,1,0) — Y(1,0,0) — Y(0,1,0) + Y(0,0,0)][M, (1) — My (0)]}
= E[Y(1,M,(1),0) = Y(0,M,(1),0)] = E[¥ (1, M,(0),0) — Y (0, M,(0), 0)]

= [¢4(11110) - ¢4(011'0)] - [¢4(1’0’0) - ¢4—(0'0'0)]
= A,(110 — 010) — A,(100 — 000)

Identification

E[Y(a, M;(e;), m;)]
= 2:mlE[YVl =a,M; = my, M, = my]P(M; = my|A = e;)

Required Assumptions DAG

(Al) Y(a, mlJmZ) 1 {A ;Mll MZ}

e (AL1)Y(a,m,m,) LA M,
e (A1.2)Y(a,m;,m,) L M;|A 1
e (A13)Y(a,m;,my) L M,|A, M, A AMl Y

(AZ) Y(a, myp,m; ) 1 Ml (81)
(A4) M (e;) L A

effectl9

Definition

E{[Y(1,0,1) — Y(1,0,0) — ¥(0,0,1) + ¥Y(0,0,0)][M,(1,0) — M,(0,0)]}
= E[Y(1,0, M,(1,0)) — ¥(1,0, M,(0,0))] — E[¥(0,0,M,(1,0)) — ¥ (0,0, M,(0,0))]
= [¢2(1,0,1,0) — ¢,(1,0,0,0)] — [¢2(0,0,1,0) — ¢,(0,0,0,0)]
=A,(1010 — 1000) —A,(0010 — 0000)

Identification

E[Y(a; ml) MZ(le mll))]
= Zsz[YlA =aq, M1 = ml, MZ = mz]P(MZ = mzlA = 82, M1 = m;)

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, M}

e (A1) Y(a,m;,m,) LA M,

o (A12)Y(a,my,my) L My|A / 1

° (A1.3)Y(a,my,m,) L lelA'Ml A — AMZ —— Y
(A3) Y(a,my, my) L My(ey, my)
(A45) M,(e;,my) L {A, My}

e (A5.1) My(e,,my) LA

[ J (ASZ) Mz(ez,ml) L M1|A
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effect20

Definition

E{[Y(1,0,1) — Y(1,0,0) — Y(0,0,1) + Y(0,0,0)][M; (1) — M,(0)][M,(0,1)

— M, (0,0)1}

= E[v (1,0,M,(0, My (1)) - ¥ (1,0, M(0, M, (0)) )|

— B[y (0,0,M,(0,M,(1))) -

v (0,0, M,(0, M,(0)) )]

= [¢3(110:011) - ¢3(1)0)0)0)] - [¢3(0)0)0)1) - ¢3 (0,0,0,0)]

= A;(1001 — 1000) — A3(0001 — 0000)

Identification

E [Y (a, my, M, (e, My (91)))]

= Zmlsz[Y|A = a,M; = m;,M, = my]P(M, = m;|A = e;, M} = m;)P(M;

=my|A =e;)

Required Assumptions

DAG

(A1) Y(a,my, my) L {A, My, M}

e (A11)Y(amymy)LlA

o (41.2)Y(a,my,m,) L My|A

e (A13)Y(a,my,m,) L M,|A, M,
(A2) Y(a,mqy,m;y) L M;(ey)

(A43) Y(a,my, my) L My(e;,my)
(A4) My(e;) L A

(A5) M;(ez,my) L {A M}

e (A5.1) M,(e;,m;) LA

e (A5.2) My(e,,my) L My|A

(A6) My(e;, my) L My(eq)

A—> M;—> M,— AM,—> Y
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effect2l

Definition

E{[Y(1,1,1) — Y(1,1,0) — Y(1,0,1) + Y(1,0,0) — Y(0,1,1) + Y(0,1,0) + Y(0,0,1)
—Y(0,0,0)][M; (1) — M,(0)][M,(0,0)]}
= E[Y(1, M,(1),M,(0,0)) — Y(1, M;(0), M,(0,0))]
— E[v(0, M, (1), M,(0,0)) — Y (0, M,(0), M,(0,0))]
— E[Y(1,M(1),0) — Y (0, M;(1),0)]
+ E[Y (1, M(0),0) — Y (0, M(0),0)]
= [¢5(1,1,0,0) — ¢5(1,0,0,0)] — [¢5(0,1,0,0) — ¢»5(0,0,0,0)]
— [¢4(1,1,0) — ¢4(0,1,0)] + [¢4(1,0,0) — ¢,(0,0,0)]
= A5(1100 — 0100) — A5(0100 — 0000) — A, (110 — 010) + A,(100 — 000)

Identification

E[Y(a, M1(€1)'M2(€2'm1))]

= Zmlsz[Y|A =a,M; = my, My = my|P(M, = my|A = e;, M; = m)P(M; = my|A = e,)
E[Y(a, M;(e1), m;)]

= I, E[Y|A = a,M; = my, M, = my]P(M; = my|A = e;)

Required Assumptions

(A1) Y(a,my,my) L {A, My, M5}

DAG
M

e (A1) Y(a,m;m,) LA /

e (41.2)Y(a,m;,m,) L M,|A 1

e (41.3)Y(a,my,my) L M,|A, M, A — AM\M, — Y
(A2) Y(a,my,my) L M, (e;) T

(43) Y(a,my, my) L M,(e;,mq)

(A4) My(e;) L A M,

(A5) My (e, my) L {A, My}
e (A5.1) M,(e,,my) LA
e (A5.2) My(e,,my) L My|A

(A6) My(e;, my) L My(eq)
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effect2?2

Definition

E{[Y(1,1,1) — Y(1,1,0) — Y(1,0,1) + Y(1,0,0) — Y(0,1,1) + ¥(0,1,0) + ¥(0,0,1)
—Y(0,0,0)][M (1) — M1(0)][M(0,1) — M>(0,0)]}

={E[v (1, My(0), My(0, My (1)) = ¥ (1, M,(0), M;(0, M, (0)) )]
— E[y(1,My(1), M;(0,0)) — Y(0, My (1), M,(0,0))]
— E[v (1,0,M,(0, M, (1)) = ¥ (1,0, M,(0, M, (0)) )]}
—{E[¥ (0,M,(1), M3 (0, My (1)) = v (0, M;(0), M, (0, M, (0)) )|
— E[v (0, My(1), M,(0,0)) — Y(0, M1(0), M,(0,0))]
— E[v (0,0,M,(0, M, (1)) — ¥ (0,0, M,(0, M, (0)) )]}

= {[¢6(1,1,0,1) — ¢6(1,0,0,0)] — [¢5(1,1,0,0) — ¢5(0,1,0,0)] — [¢3(1,0,0,1) — ¢3(1,0,0,0)]}
— {[#6(0,1,0,1) — ¢6(0,0,0,0)] — [¢5(0,1,0,0) — ¢5(0,0,0,0)]
— [¢5(0,0,0,1) — ¢3(0,0,0,0)]}

= [A6(1101 — 1000) — Ag(1100 = 0100) — A;(1001 — 1000)] — [A¢(0101 — 0000)
— A5 (0100 = 0000) — A5(0001 — 0000)]

Identification

E[Y (a Mi(er), My(ez M (er))|

=Zmym,E [Y|A = a,M; = my, My = my]P(M; = my|A = e;, My = m)P(My = m,|A = e;)
E[Y(a, M1(€1)'M2(ez'm1))]

= Zmlsz[Y|A =a,M; = my, My = my]P(My = my|A = e;, My = m)P(M; = my|A = e,;)
E [Y (a my, My (e, Ml(el)))]

=Zmm,E [Y|A = a, My = my, M, = m,]P(My = my|A = e;, My = m)P(M; = my|A = e,)

Required Assumptions DAG
(A1) Y(a,m;,m;,) L {A, My, M,}
e (A11)Y(a,mym,) LA M MZ
o (A12)Y(a,mymy) L M,|A T \ l
[ ] (A13) Y(a,ml,mz) 1 M2|A,M1
(A2) Y(a,my,my) L M,(ey) A —> AM1M2—> Y

(43) Y(a,my, my) L My(ez,my)
(44) My(e1) L A

(A5) My(ez,my) L {A, My}

e (A5.1) M,(e,,m;) LA

e (A5.2) My(e,,my) L My|A

(A6) My(e;, my) L My(eq)
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effect23

Definition

E{[Y(1,0,1) - Y(1,0,0) — Y(0,0,1) + Y(0,0,0)][M, (1)
— M, (0)][M,(1,1) — M;(1,0) — M(0,1) + M(0,0)]}

= {E[v (1,0, M,(1, M, (1)) = ¥ (1,0, M5 (1, M, (0)) )]

— E[v (1,0, M(0, M, (1)) — ¥ (1,0, M5(0, M,(0)) )|}

—{E|r (0,0, M(1, My (1)) — ¥ (0,0, M,(1, M, (0)) )|

— E[v (0,0, M(0, M, (1)) — ¥ (0,0, M5(0, M, (0)) )|}

= {[¢3(1!0!1!1) - ¢3(1101110)] - [¢3(1,0,0,1) B ¢3(1:0:0:0)]} - {[¢3 (0,0,1,1)
- ¢3(0;0;1;0)] > [¢3 (0,0,0,1) - ¢3 (0,0,0,0)]}
= [A;(1011 — 1010) = A5 (1001 — 1000)] — [A3(0011 = 0010) — A5(0001

—0000)]

Identification

B [¥ (ams My (e2 My e) )

= Zmlsz[YlA = a,Ml = ml, M2 = mz]P(Mz = mzlA = 62,M1 = ml)P(Ml = mllA = el)

Required Assumptions

DAG

(A1) Y(a,my,my) L {A, My, My}

e (A11)Y(a,my,m,) LA

e (41.2)Y(a,my,m,) L M;|A

e (4A13)Y(a,my,m,) L M,|A, M,
(A2) Y(a,my,my) L M, (e;)

(43) Y(a,my, my) L M,(ey,m1)
(A4) My(e1) L A

(A5) M3(ez,my) L {A, M}

e (A5.1) M,(e,,my) LA

e (A5.2) My(e,,my) L My|A

(A6) My(e;, my) L My(eq)
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ef fect24

Definition

E{[Y(1,0,1) — Y(1,0,0) — Y(0,0,1)
+Y(0,0,0)][M,; (0)][M(1,1) = M(1,0) — M,(0,1) + M>(0,0)]}

= {E[v (1,0, M,(1, M;(0))) = ¥ (1,0, M5 (0, M,(0)) )]
— E[v(1,0,M,(1,0)) - ¥(1,0,M,(0,0))]}

—{E]r (0,0, M(1, M,(0))) - ¥ (0,0, M,(0, M (0)) )|

— E[v(0,0,M,(1,0)) — Y(0,0, Mz(O.O))]}

= {[¢5(1,0,1,0) — ¢5(1,0,0,0)] — [¢(1,0,1,0) — ¢,(1,0,0,0)]}
—{[#3(0,0,1,0) = ¢3(0,0,0,0)] — [¢2(0,0,1,0) — ¢,(0,0,0,0)]}

= [A5(1010 — 1000) = A,(1010 — 1000)] — [A5(0010 = 0000) — A, (0010
—0000)]

Identification

E[Y (amy, My(ez My(ey)))]

=Zmm, E[Y|A = a,M; = my, My = my]P(M, = my|A = e;, My = m)P(My = my|A = e;)
E[Y(a,m;, My(e;,my))]

_ Esz[YlA =a,M;, = my,M, = my|P(M, = my|A = ey, M; = m})

Required Assumptions DAG
(A1) Y(a,my,my) L {A, My, My} M,
e (Al1)Y(a,m;,m,) LA |
o (A1.2)Y(a,my,my) L My|A A — AM; — M; — AM; — ¥

o (A13)Y(amy,m,) L My]A M, ~
(A2) Y(a,my,my) L M, (e;)
(43) Y(a,my, my) L M,(e;,mq)
(A4) My(e;) L A

(A5) My (e, my) L {A, My}

e (A5.1) M,(e,,m;) LA

e (A5.2) My(e,,my) L My|A

(A6) My(e;, mqy) L My(eq)
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effect25

Definition

E{[Y(1,1,1) = Y(1,1,0) = Y(1,0,1) + Y(1,0,0) — ¥(0,1,1) + ¥(0,1,0) + Y(0,0,1)
— Y(0,0,0)][M, (1) — M;(0)][M(1,0) — M,(0,0)]}

={E[v(1, My (1), M5(1,0)) — Y (1, M;(0), M5(1,0))]
— E[Y(1, My(1), M,(0,0)) — Y (1, M,(0), M,(0,0))]}
—{E[r(0, M,(1), M;(1,0)) — Y(0, M, (0), M5(1,0))]
— E[v (0, M;(1), M,(0,0)) — Y (0, M,(0), M,(0,0))]}

= {[¢5(1,1,1,0) — ¢5(1,0,1,0)] = [¢5(1,1,0,0) — ¢5(1,0,0,0)]}
—{[#5(0,1,1,0) — ¢5(0,0,1,0)] — [¢5(0,1,0,0) — ¢5(0,0,0,0)]}

= [A5(1110 — 1010) — Ag(1100 — 1000)] — [A5(0110 — 0010) — A5(0100
—0000)]

Identification

E[Y(a, M1(€1),M2(€2'm1))]
= Zmm,E[Y|A = a,M; = my, M; = my]P(My = m,|A = e, My = my)P(M; = my|A = e;)

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, My}

e (Al1)Y(a,m;,my) LA M,
e (A1.2)Y(a,m;,m,) L M,|A 1

e (4A13)Y(a,my,m,) L M,|A, M,
(42) Y(a,my,my) L Mi(ey) A —> AMIM; — Y

(43) ¥ (a,my,m5) L My (e, m}) \ 1

(A4) My(e) L 4 M
2

(A5) M3(ez,my) L {A My}

[ ] (A51) Mz(ez,ml) J. A
[ (ASZ) Mz(ez,ml) 1 M1|A

(A6) My(e;, my) L My(eq)
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effect26

Definition

E{[Y(1,1,1) = Y(1,1,0) = Y(1,0,1) + Y(1,0,0) = ¥ (0,1,1) +¥(0,1,0) + ¥ (0,0,1) — Y (0,0,0)][M; (1) — M; (0)][M(1,1) — My(1,0)
= M;(0,1) + M,(0,0)]}
= ([ (1,201, Ma (1, M,(12)) = ¥ (1, M3 (1), M (0, My (1) ) = E[Y (1, M (1), M5 (1,0)) = ¥ (1, My (1), M, 0,0))]
— £ [v (1,M,(0), My(1, M,(0)) ) — ¥ (1, M, (0), M, (0, M, (0)) )]
+ E[Y (1, M,(0), My(1,0)) — ¥ (1, M,(0), My(0,0))] — E ¥ (1,0, M5(1, My (1)) = ¥ (1,0, M5 (1, M, (0)) )]
+E[v (1,0, M,(0,M,(1))) = ¥ (1,0, M,(0, 1, (0)) )]}
—{E[¥ (0.M:00), My(1, M, 1)) ) = ¥ (0, My (1), My (0, M, (1))
— E[Y(0,My(1), M5(1,0)) — Y (0, M, (1), M,(0,0))]
~E[y (o,M1 (0), My(1, Ml(O))) -y (O,M1 (0), M,(0, Ml(O)))]
+ E[¥ (0, M;(0), My(1,0)) — Y0, M1(0), My(0,0))] - E [y (o,o, M2(1,M1(1))) -y (0,0,M2(1,M1(0)))]
+E[v (0,0,M,(0,M,(1))) - ¥ (0,0, M5(0, 1, (0)) )]}
= {[p6(1,1,1,1) — p6(1,1,0,1)] - [$5(1,1,1,0) = $5(1,1,0,0)] — [¢p6(1,0,1,0) — $(1,0,0,0)] + [$5(1,0,1,0) — ¢b5(1,0,0,0)]
— [$3(1,0,1,1) = $5(1,0,1,0)] + [$5(1,0,0,1) — $5(1,00,0)1} — {[$s(0,1,1,1) — $5(0,1,0,1]
— [$5(0,1,1,0) — $5(0,1,0,0)] — [6(0,0,1,0) = ¢b5(0,0,0,0)] + [¢5(0,0,1,0) — $5(0,0,0,0)]

— [¢3(0,0,1,1) — $3(0,0,1,0)] + [¢5(0,0,0,1) — 3(0,0,0,0)]

Identification

E [¥ (o Mo, M e My (1))

= Zm,m,EIYIA = a, M, = my, My = my]P(My = my|A = €5, My = m)P(My = my|A = e;)
E[Y(a, M, (e;), My(e;,m,))]

= 2, m,E[Y|A = a,M; = my, M, = my|P(My = my|A = e, My = m)P(M; = my|A = e,)
E [Y (a, ml,Mz(ez,Ml(el)))]

=, m,E[Y|A = a,M; = my, M, = my]P(M, = my|A = e, My = m))P(M; = my|A = e,)

Required Assumptions DAG

(A1) Y(a,m;,m,) L {A, My, M,}
® (AL Y(amym,) LA
o (A1) Y(amymy) L M, M— AM; — M,
L4 (A1.3) Y(a,my,m,) L My|A, M, 1

(42) Y(a,m;,m;) L My(ey) A —> AM\M, — Y
(43) Y(a,my,m;) L My(ez,my)
(A4) My(e;) L A

(45) My (e5,my) L {A, My}

®  (A45.1) My(e,my) LA

° (A5.2) M,(e,,my) L My]A

(46) M,(ey,my) L My(e,)
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effect27

Definition

E{[Y(1,1,1) —=Y¥(1,1,0) - Y(1,0,1) + ¥Y(1,0,0) — Y(0,1,1) + Y(0,1,0) + Y(0,0,1) — Y (0,0,0)][M;(0)][M(1,1) — M,(1,0) — M,(0,1)

+ M,(0,0)]}

={E[¥ (1.M,0), M, (1, M,(0))) = ¥ (1,M,(0), My(0, M, (0)) )| - E[¥ (1, My (0), M(1,0)) — ¥ (1, M; (0), M;(0,0))]

— E[v (1,0, M,(1,M,(0))) = ¥ (1,0,M,(0, M,(0)) )| + E[¥ (1,0, M,(1,0)) — ¥ (1,0, M(0,0))]}

—{E[v (0,M,(0), My(1, ,(0)) ) — ¥ (0, M, (0), M, (0, M, (0)) )|

— E[¥(0, M,(0), My(1,0)) = ¥(0, M (0), M;(0,0))] — E [ (0,0, M, (1, M, (0)) ) = ¥ (0,0, M (0, M, (0)))]

+ E[Y(0,0,M,(1,0)) = ¥(0,0, M,(0,0))]}

= {[#6(1,0,1,0) — ¢6(1,0,0,0)] — [¢5(1,0,1,0) — ¢5(1,0,0,0)] — [¢3(1,0,1,0) — $3(1,0,0,0)] + [¢2(1,0,1,0) — $>(1,0,0,0)]}

— {[¢6(0,0,1,0) — $6(0,0,0,0)] — [¢5(0,0,1,0) — $5(0,0,0,0)] — [¢3(0,0,1,0) — ¢3(0,0,0,0)] + [$(0,0,1,0)

= ¢2(0,0,0,0)]

= [A¢(1010 — 1000) — A5(1010 — 1000) — A3(1010 — 1000) + A,(1010 — 1000)]

—[A6(0010 — 0000) — A5(0010 — 0000) — A3(0010 — 0000) + A,(0010 — 0000)]

Identification

¥ (0 Mo, M (e Mye))]

= Zmlsz[Y|A = a,M1 = ml,Mz = mz]P(MZ = mzlA = ez,Ml = ml)P(Ml = m1|A = el)

E[Y(a, M, (e;), My(ep,m1))]

= Zm,m,E[Y|A = a,My = my, My = my]P(M; = my|A = €3, M; = m{)P(My = my|A = e;)

E [y (a, my, Mz(ez, M1(31)))]

= Zm,m,E[Y|A = a,My = my, M; = my]P(My = my|A = €3, My = my)P(M; = my|A = e;)

E[Y(a, my, My (e, m;))]
— Esz[YlA =a, M =m,M, = mz]P(Mz = m2|A =ey;M; = mi)

Required Assumptions

DAG

(A1) Y(a,my, my) L {A, My, M,}

° (A1.1) Y(a,my,m,) L A

° (A1.2) Y(a,my,my) L M;|A

° (A1.3) Y(a,my,my) L M,|A, M,
(A2) Y(a,my,my) L My(eqy)

(43) Y(a,my, my) L My(e,, my)

(A4) Mi(e) L A

(A5) My(e,,my) L {A, My}

° (A5.1) My(e;,my) LA

° (A5.2) My(ey,my) L My]A

(A6) M;(ep,my) L My (eq)

M1_> AMl — M2

A — AM;My —» Y
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effect28

Definition

E{[Y(1,1,1) — Y(1,1,0) — Y(1,0,1) + ¥(1,0,0) — Y(0,1,1) 4+ ¥(0,1,0) + Y (0,0,1)
= Y(0,0,0)][M, (0)][M,(1,0) — M(0,0)]}

= {E[v(1, M1(0), M5(1,0)) — Y(0,M;(0), M,(1,0))]
— E[Y(1,0,M,(1,0)) — Y(1,0, M,(0,0))[}
—{E[Y (1, M,(0),M,(0,0)) — Y (0, M, (0), M,(0,0))]
— E[Y(0,0,M,(1,0)) — Y(0,0, M,(0,0))[}

= {[¢5(1,0,1,0) — ¢5(0,0,1,0)] = [¢2(1,0,1,0) — ¢>(1,0,0,0)]} — {[#5(1,0,0,0)
— ¢5(0,0,0,0)] - [¢2(0,0,1,0) — ¢,(0,0,0,0)]}

= [A5(1010 — 0010) — A,(1010 — 1000)]
— [A5(1000 — 0000) — A,(0010 — 0000)]

Identification

E[Y(a, M1(€1)'M2(€2'm1))]

= Zpm,m,E[Y|A = a,M; = my, M, = my]P(My = my|A = e, My = m)P(M; = my|A = e;)
E[Y(a,my, My(ep,m)))]

= I, E[Y|A = a, My = my, My = my|P(M, = m,|A = e;, My = m))

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, M5}

e (A11)Y(a,my,m,) LA

e (A1.2)Y(a,my;,m,) L My|A

e (A13)Y(a,m;,my) L M,|A, M,
(A2) Y(a,mqy,m;y) L M;(ey)

(43) Y(a,m;,my) L My(ezmi) |

(A5) M,(ez,my) L {A, My} M
2

e (A5.1) M,(e;,m;) LA

e (A5.2) My(e,,my) L My|A

(A6) My (e;, my) L My(e;)
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KIERN Y- LT LR YL TP

AE T 2 N REATRE el S T dpd F1S Sk, 1
PeTH - P ANFREF T 2 BT RGEIFEELIFER e f2H TRk
(e 4] o 2 B> APy FH - L NEREF IR NTE LT L LG
vl L 2

ARSI B (Miles, 2023) 474k 0 e AR ER] 0 SRR RIfRTRY Ao
TetsF1> BRA T a Rk G

I'(a),,: %%W+Am/‘ »~HE RPN F)F Mareg

(b)¢ /i F] 5 Me% - #- S % B RY % (Miles, 2023)

ok S UL &) = g %‘? (Miles, 2023) # BT R > 1) g R
iﬁﬁﬁﬂﬁﬁ@ﬂgﬁ%’in@ TR Ry
(natural indirect effect, NIE) = 4 > ¥ 3% #< & (interventional indirect effect, IIE) -
B p ARG EERP &Y ATREER S GREApiE -

ERSEANE 7t JUESEE S SRR S O S A SV by + £ 31
(null criteria)#? ¥ 3 {4 # B (monotonicity criteria) » 12 pb /| & 2% ¥ 243k ik S

BRI L AR 4R B D - L MR AR R s N R R o

(23.0) P ABREFR—R EEFRhT KB I WD N

(Mlles 2023) >t & % Pl (null criteria) e 4 > B2 BEX R T O &
i&gﬁ(HO)\ﬂL CEFRHDR I W R e P T AR AR G
Flt o AP AT &Y 0 AFE S THoRR]  fo THER] ) 0 s 0T
BB AR RS BER iE K
H-¢ AFF 8T #3ERREMI

{Ho= Yi(a',m) —Yi(a',m') = 0U M;(a) — M;(a’) =0

! !
Hy:Yi(a',m) — Yi(a',m') % 00 My(a) — M;(a) =0 '~ &% mm.

"Hy P | Sz mg  AHER2 7 > PleZsefg 5 F 5 F 2 0 Bl =
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ZoolH BR) &z RE T H ER 2T o RERER R F R 2R A2

PR ZEFRIHY G T URBET R R T

A EFRP P ARSERCIFRIEF R AT TR E
$EFRBFFAHNREEREYIIRFE LAY FBFIFALEY 4
FFME SR EY T RFE R A>M, M >V 5 fFFALEY
AFF Myl 5 SR R BY PR TS A M, "M, >Y> 12 kB FFA
e A ME LB A TS M SR R REY IR RSk AD M,
M, > M, "M, > Y>3 aw 2% 5 PSEy R " PSE;q %8| " PSE,, &8 |~
"PSE R ;> M TR R Ripe B2 KR L NER -

34

%_,}; FBP AFIFHFET » 35 BRI
l—PSEOOL‘gEIJJ

Hy:Y;(a’,mi,m;) —Yi(a",m;,m;) =0
{ 0-1i » 1181, 112 i » 1181, 112 , Va’, a",mi,m'z

Hy:Y;(a',m},m;) =Y;(a",my,m,) # 0
l—PSEloig EIJ H

{Hoi M,;(a’) — My(a”) = 0 U Y;(a',my,m;) =Yi(a',my,my) =0

’v al’ all’ml’mll' ml
Hy: My;(a") — Myi(a”) # 0 nY;(a’,my, my) — Yi(a',my, my) # 0 v

"PSEo % R |

{HO: MZi(aIfmi) - MZi(a”l mi) =0U Yi(alﬁmil mé) - Yi(a" mll'mIZI) =0 ,V Cl’, a,,)mll)mIZJmlzl

Hy:My;(a',my) — My;(@",my) # 0N Y;(a',m;,m;) —Y;(a"’,m;,my) #0
l—PSElz—‘)-’% E]lj N

{Hoi M,;(a’) = My;(@”) = 0 U My;(a’,my) — My;(a’,my) = 0 UYj(a’,my, my) —Yi(a',my,my) =0
Hy: My;(a’) — My;(a”) # 0 0 My (a’,my) — My (a’,my) # 0 nYi(a',my, my) —Y;(a"”,my, my) # 0

va',a",m;,m{,m, m;
HWBER S L A HEE2Z T 0 RIRE s R F 2 0 R R o BH 2
T PR A FE S F 20 B A AR o
Bk & SRR EIER RS 2 S S R - SPE Ty <

A EAER L PARF TP TR FERO SRR B %A

L

45



"PSEo % R |

{HO:A—>Y:O
H:A->Y #0

"PSE;o R |

{HO:A_)M:l:O UM1—>Y=O
H:A—>M, #0 0 M, >Y #0

r PSEOZ 2% Elj B

{HO:A_)M2=OUM2_)Y=0
H:A—>M,#0 0 My—>Y %0

"PSE; # R

{HO:A_)M:l:O UMl_)MZZOUMZ_)YZO
Hl:A_>M1¢0 ﬂM1—>M2¢00M2—>Y¢0

(2.3.2) ¢ A B R e W B 5

HiE - ] ST & D) B s A - o N PR T A TR
AEgend Ao d bk a2 Avu%m’WhﬁmJﬁ@ﬁ@ﬁé“
CTHy#p| | B8 Bt *“rHoﬂ@EJJ 2P LETH BER - €22 % TH
vl B S I <l '_HOiEE'J'L’»‘«L‘QA‘io

MR 2 s A MRS TR 0 T MR A LA 4 RS d 2
RS At A4 i blde D R TPSE g R | o0 THy Ba] | &2 > B4 7
P T AFENA S My My o YR D o BRI R RT 0 & X Hy ~ Hi R
PR s fedok B f Hyd 2 efng > & 7 A E Y - Bt il 0 B A
BEEEI 2R TR ESETARE TR RN N RREE R
LEFABP A RTER N s A A ARk S 2 0 R A
2.7 o

»
N

|
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2 027 - AN EREEF TOUREE Y A RITE R d]w) S E

PSE, 2 7] PSE, o 3 B PSE,, i A PSE,, 3 g

effectl

effect2

effect3

ef fect4

ef fect5

effecté

effect7

effect8

effect9

effectl0

effectll

effectl2

effectl3

effectl4

effectl5

effectl6

effectl?7

effectl8

effectl9

effect20

effect2l

effect22

effect23

effect24

effect25

effect26

effect27

effect28
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B G R ATF OIS TS TR o BRI
PSEyy * PSEyy *PSEg; *PSE;, » &~ Bt & A EiEfe? 4 FF does(A-Y)
FHM TG (A > My - Y) > Wl GMy (A > My > V)~ A My £ 3
WMy g (A > M > M, > YY) %{3‘ P LN SRR SR IR E R
FEE A 3 RS CY R L ESE R E C g E JEATfl 0 X E R E B AaEG R
A )3 A R R (T A \E’ggf%/,}ﬁﬁﬁi&é%fg €W - B G Vi pE
W2 Feh? A F] 39734 oa e prid i T Hy B0 ~TH BR] ) ac g 85
effectl ~effect7 ~effect8 ~ effectl0 » & F| % Bl» ¥ 14 (%8 PLerd@ f2 § 7
i@ $2ePSEy, ~ PSE;y » PSEq, ‘PSElzz’:’ﬂzii o R L2 b s HApdmihd & B

£
v
* N
l—Hong"JJ ’:"‘;irﬁ'; °©

R e i A R AR AN EBTFIFALELEAY [ FFEETFHA
BRSSP AEFTRARDFIRRY AT R Lkl kBT A
e R B Y A F]F My~ My ehfi2) 0 bldreffect14 ~ef fect25 o 34 51 x 37
4 %f (mediated interaction, MI) > * 14 & 55 3% 3 g cin® A B o 2V P RIS T TR R D
EEANEE A A 2.8 A RILESY HEEER L THy BP0 d ¥ R
W HEH B BT Rt A R R R B in? A BT B g skAR R 0 #-PSE,
ARG BB AR S B KPSElO PSEq, ™ 1% B f2 ip”m”‘ AT R A AP AT
515 B 15 Bl EPSEqgy o B 0 kit ef fect26k pFid i THy R | 7 v (£ 5 /58 R
RIPSE ;& 83 & e¢ /1 BT > $& % E.PSE o ~ PSEg; » 315 4 A PSEy °

z—rpj PN S s eI Fx‘,g.gl | 3 \ ,%ﬁz\ﬁng—;gg,,uf;ggé;i*.]:i:.J_

N BTl e SR 0 A FARTBWE Y A BT 5 o

48

-



7 I ¥ T 8 PSEg

LN RS O A 5

N 7 I prid BPSE,g B4 7 I PFL BPSEg, B2 7 o pril B PSEy,

PSE,,

PSE,,

PSE,,

PSE,,

MI

ef fectl

A—— Y

ef fect2

A — AM;My —» Y

ef fect6
Ml_’ Mz

A— AM, — Y

effect7
A— M, — Y
N

effect1l

M,

|

A — My— M\M;— Y
N
ef fect18

A—“AMI—UY

effect21

e

A— AMM;—Y

ef fect8
A— My — Y
ef fectl2
M,

l

A — AM;— M,— Y
%,
ef fectl5
Ml\
A —bAJl\dl—-— M, — M;M,—> ¥
%,

effectl6
My

A — My — M;M;— Y
%,
effectl9
M,
(

A—> AM,— ¥

%,

ef fect24

M,

|

A — AM; — M; — AM, — Y

ef fect27

M= AM; —— M,

!

A —> AMM; — Y

%,

effect28
M,

|

A — AM,M, —> ¥

effect9
/ M‘l\
A My— MM;—— Y
i
ef fect10
A—> My —> M;—> Y
effectl3
/ T
A — AM;— M, — Y

A e

effect17
My
A — AM, — M, — M,M,— ¥
H

effect20

A=—s My— My— AM,—> Y

H

ef fect22

A — AM{M; — Y

]
effect23

s

A= AM;—™ M,—* AM; = Y

i
effect26

M= AM; — M,

ok,
A — AMMy — ¥

N & &

effect14

My
A / MM, — Y
M,

ef fect25

/'M1
A — AMM; — ¥

\:Lz
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d 22728 A% g - L NERSETOURA S TR T
F - BEIET g BRI effect26 0 A Wi T Hy BR] ¢ ow iERT
BR > ATeffect26iF kB FIFAH T REREYVDERFE R AT £
BFTALEY AFIM IR EFEY IR RFAR B A M, "M, >V
FBFFALE? 173 ML W S5 RFEYVPFREFE R A M, "My, > Y
A G B FFALE? AT ML EED TG My SRRV PR R T %
A My ~My > My ~My, > Y BEZRT K P T fE o ef fect26F s & 7 e

ol o fe LAr R R EFL F F DA BT

FoAPRadal ~ad ARE RS SLILR? A F
(Miles, 2023) %74 41 ch? A>T B BR] > Pl T AF 2 BAAB I e 3 o

2.4 '_}_]% ;ﬁ; ~ ;J%gg,fﬁ%\k fj—"ig

ELEH— SR SR RE I %'ﬂﬁt VTR 2 wREO APV B R ERAT (7
PG RN FS iR 0 T LR *oeffectl~effect284 & 0 A
effect1~effec1528ﬁ7l3"3'ﬁ U A Fl S Rlich ~pernmME e & o F K HCE SNV
R Fo e > AP g IR m@ci%‘#% BEY P A FFM, M,k T F A
AlY g cmy myRE T R RZEE N TR ATl 0 bl effectl 5 A
HWYE BRS A REREYE T IHAY EREFIFARRa=1a=0"
# 7 % E[Y(1,0,0) = Y(0,0,0)] > ¥ 2 &3 = F] % 54, (1,0,0) — ¢,(0,0,0) > 2+ P>
A% $1(1,0,0) — $1(0,0,0) & 1(Aa, 0,0) 5 effect25chF % % dic % iE & 5
{[¢5(1,1,1,0) — ¢5(1,0,1,0)] — [¢5(1,1,0,0) — ¢5(1,0,0,0)1} — {[¢5(0,1,1,0) —
$5(0,0,1,0)] — [¢5(0,1,0,0) — $(0,0,0,0)]} » 2 7 1 4 H f§ i &
Ps(Aa, Aes,Aey,0) > 47 2 7 UL E AR BN PR R s o

FAPEL RO NERFE FEPF o R REARL - NIRRT
2Lk ﬁr!dbg(Aa 0,0,0)¥ 12 % 77 = effectl ~effect3 ~effectberbe i3 » 11T
FOFE R A P N R B BT R Kﬁﬂl)ud)e%'“ﬂm%ff e P g2 5%
RIS 2tF A SRR S N R 1 e
BiLETAEL IR TP EEY AT BE R D) E 4% ]L%px,% AT At
FR— B P AR A 5 o
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T o FAPRTIEF S RS L ANREITEEIEE I EEA R
(population intervention effect, PIE) 172 K& o ig#-5 243230 ipgEig 4 & :}**&7 ag)g
Wrchk N2 AP ABHanE B - APHY LR EL 20 Ml E > 274~
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F=F @Y AT %A iS4

¥ jf F]4 5 (population attributable fraction, PAF) £_2 & 2 77 3 ¢
FRFEEBEFFHEFREIFRADEL RV FE LI E R iﬁ%%*ﬂi
B R 15 > FAAROF L FT RG] T APAGF kG T AR
FABRYIDE - AR L E L2

Pr(Y =1)—-Pr (Y =1]A=0)

PAF =
Pr(Y =1)

© Pr(Y=1):iFHEARYPEL F o
* Pr(Y=1]A=0) 27 HFTARYEARB? R B FF AR BT 2L
SR ;gﬁ%uﬁMP“i§W%%ﬂ+f%{ﬁ%m%§ﬁ&wyw%a

~

B e TR kb X A Ry e

3

i

)
N
=1
N

P AR - BRI SRR ERERY A
DEFARALEF 2 B B o PAF 2470~ TRk B 1
Yo AR EnFR> aRpagF s FENPTE A TPrY=1=
E[Y] ~Pr(Y(0) =1) = E[Y(0)] > =~ ¥ F#3l4=% = - PAF ¥ i&- H &7 3 !

E[Y =Y (0)]

PAF = E[Y]

EFAP %‘? (Hubbard&Van der Laan, 2008) =1 & ) 0% 3 4 » st iy
(population 1ntervent10n effect, PIE) » H »o )i cndic 8 ;8 & & 40 ¢
PIE = E[Y —Y(0)]

b R E[Y]S A B A BYR 4 A 2 B2 E[Y(0)]
PR XA RY O E T Bk R I Al 2 i PIE m%;a P
B B TR F R SR L F IR OB R eI

FTERBFFPRBEFLY KRBT - BTG T K a7 Jé ﬁ’ PAF = &

s wass BEUEN] LB E R R B REY W L @ S0
PIE 2 PAF = Béri@ % chrk T F A A ALY EApF e

B F & 3w iE PAF ~ PIE B /2472 2 > 1 7 :k%—%”ﬁ Bo¥ A E3 P 4ok

I 0% ha 45458 I PIE 0% B o4 B PIE = - = B /o473 chi w3ty
2o %I E Tk R - IR ER 2 ) S el S & R PIB
L ZRIEATIEZE T OyERE R0 T *’im*?;"‘a‘% =2z iy PR CRC A LU T 4
PIE ¢ &7 [} A ¢ 4 A5 o7 § & ap B v it o
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3.1 wAEF]% 2% T 7 PIE ~ PAF 0¥ A sc A 45

(3.1.1) Sjolanderz. PAF = E1Z37f%*

# (Sjolander, 2018)#- PAF eh & & 31 » @ /i s g 47 {228 » 4 PAF & {7
BT AT RN G LY AN FF MG RERT AL F
(natural direct AF,NDAF) 17 2 2 5 L ¢ /i F]l+ Mhp RF&EF Eﬁ‘ ] A &
(natural indirect AF,NIAF) » H2+35 3 V40w 5 ¢

E[Y =Y (0,M)]

NDAF =
E[Y]

E[Y(0,M) —Y(0)]

NIAF =
E[Y]

Gt fl L Aok B 1S AR R R R BY NI ook R0 T
AAT{APREEBF AR S E SRV S avefp 0 4 4 PR E
BY#rg 4 % TE[Y =Y(0,M)] =0 #3&NDAF = 0; @ % & F]F A%t
BEFEYHY A EE0 P T T AP RETAR M AT B o o
2 R T ARY TR L et d > TE[Y(0,M) —Y(0)] » #XNDAF =0 -
B0 b i ok iy e 0 F i 0 F X (Sjolander, 2018) 4% 12 PAF = & fm47fi2
g gyt ? s 47 0p R E & (natural direct effect, NDE) ~ p #X ¥ # 2%
& (natural direct effect, NIE) e22 8 - 3% > 3% 577 3 —‘ﬁ i B LT % TR
-

(3.1.2) Fulcher etal.z. PIE = g 53743

M %‘;‘—%Z(Fulcher et.al,2020) P4 PIE 4z & T ¥ ¢ /i 5|3 e B /od7fdiz > %
PIE ~ & % 3 i & ¢ 4 %] & M o % # 41 » B & > f
(population intervention direct effect, PIDE) ~ ;2 5 i i ¢ 4 F]F+ Mz /i » ¢

v

i 5z & (population intervention indirect effect, PIIE) » 4 & % & 3
PIE = E[Y —Y(0)] = PIDE + PIIE
PIDE = E[Y(4,M(0)) — Y(0)]
PIIE = E[Y —Y(4,M(0))]
& it i 2% fo ¥ (Sjolander, 2018) Fr # A #on A7 fF 5 8 BRI 0 2

K ekl T4 R D NDAF % 4 53 M3 €5 P & f eiipl i o
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PIDE R|&_#-¢ /1 7|5 M#z4] & M(0) sl in™ 2 1t ik f 75 Ana 30 8 %
%L Y“w$”ﬁ”‘NMFEa%%%W+AOmTETémuf » PIIE B £_#4
FRFIFAR LRI L R OmplE > 4 Y AT MET SRRV L
P o

(3.1.3) O'Connell 3 £ ¢ 4 F]+ PAF i7f#;:

—*‘(O’Connell 2022) RN - fAAThE s PAF 2 RehD 2 o FLG BT
BeJZ 2o 6 ¥ b F14 5 (pathway — specific PAF,PS — PAF) » 3% 2 2 2 8|4 £ /i »
Y| (mterventlonal) # 417] (mechanistic){r4 % 3| (separable) sz & s g » T >
PR R ATk B L A B ER A ,g;ﬁa
AFF R dwm o MMy, ... Mg i R B F1F AT R SR EY DTSRI P 7
EWRK B A FF e

#44 PS-PAF:}Eiilﬁ?{’&r%?‘a};%%“,%%ﬁ%f’ i F & RS b4 A > M; -
Y(MijZ 7 %if? AFF 1SIiSK)» 78R AER%RFE L » 25 RV PE 4
FER IV oG ET ARG A- BERK R R F B AFFM,
WL RBFIFACRE A B8 FF R REBEA RG22
G APT ER AR PR AT NGB R R R
CEEREYVOFA BT

fi ~ 3] PS-PAF P| & Gk ¥ E B EFH &7+
L3 RBFIFAORET oG RERIEEERE
ARG - FE TEE A~ 0 TR B EESY 4TS
Afin s @ 2 ERFIFLGFF AL 22 2
%%‘iYﬁﬂ’%iﬁﬁ*?%@o

WELGHEILT £ TS
ISR N e R I o

% f23] PS-PAF B2 g * j(Robins et.al,2010)4% 1) eh¥ & fRE T {22
GEEIBXERFFANRET AL LA B TV gl a0 Bits o -
BIMAAE T RBFFAGE? AFFMETREREYR SR ¥
- BWAAxPEEBFFAL BB LR SR EY S LGEHE B¢ A FS M7
SEM( #F )R ER VPR g e F & LT RS I - A4~ 25
REFTUBZRBFFAH IR AFFI O a2 PEH B FlEE o 0T
A = 84 AT S PS-PAF 0 ¥ BT HCE X £ E P 0 iR fg o
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% 3. = 6% 37 PS-PAF 2 #c8 N 2 H 29

“i PS-PAF % % 2 #c% 50 e N nf
=

E[Y] S 4 %% 22YV% 445
i GH(O|C) ™ 4 1B HE+ 3f 713 Conilf

_ k

* | paF! . ZE[Y Y(A’G (0|C))] T ygrggu,%%?%ﬂ;Aﬁﬂé‘;kﬁ%“‘
A AmMEoY E[Y] A F)F M (0)chig i A # ¢ SEHs
# E[Y] & # %% %2V H 2 5
+ PAF:’ vy = E[Y _ YESA;M"(O))] M (0)®* % % kip? 4 F]F M A =
" [¥] apnE £ 3 401 -

E[Y]* 2 2% 2BYHF 245> A
A R EAKEY A FF MY Srid
i pARS o E [Y - (Y|d0(AMk = 0))] 3 e Sl > do(Ayk = 0) % 4 4
A AmME=Y E[Y] NAy e ER 2 E 00 %k

ALY s F R o

(3.1.4) *F % % PAF T BiZd7 a3 F1% 388 Bk

W A 2 F 7 % (Duan, 2024)4% ) i PAF I B jS47f2 2 » £ ¢ 4% PAF %
PIE chlf % > 1 F A jptig ® PIEehe RiE (st kg ¥ - ¢ 453 2%
R A T W T LR o B S R R B
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= piTd s Myd Mp2 = —[¢5(4,0,0,0) — ¢,(0,0,0,0)]
PlE;ffecty | AZ = SN M2 = A BE M e 3 iEd Y $15(0,M,;,0) — ¢,(0,0,0)
PlE;ffects | R H 2 = Ad = M,2 = AW EBMyin 5 1% 58y $6(0,0,4,0) — ¢,(0,0,0,0)
Az = M2 = MiMp2 = 4 | A2 =My > My2 =My > MyfeMysh [626(0, My, 0, M) — ¢6(0,0,0,0)]
PlE,ffects = I e BEY —[¢,1(0,M;,0,0) — ¢5(0,0,0,0)]
—[¢1,(0,0,0,M,) — ¢3(0,0,0,0)]
PlEyfrectio | A2 = M2 = My 2 = A3 S M; o M2 =M, Myi B2 5Y ¢,1(0,0,0,M,) — ¢5(0,0,0,0)
A = BT MM,23 4 | A2 3M; s Myp 74 2 > MyfeMyeh2 | [¢,1(0,M;,0,0) — ¢5(0,0,0,0)]
PIEeffectll
= SELI 2 4 —[$15(0,M;,0) — ¢,(0,0,0)]
pi7d = AM; % 3 2 M2 = M Ep 748 AfeM; 23 5% 3258 | [916(0,0,4,0) — $3(0,0,0,0)]
PIEeffectlZ ,
> M, > My Y —[¢5(0,0,4,0) — $,(0,0,0,0)]
A2 = AM; %2 3 % M,2 = A2 My AfeMy % 3 i®® M, [¢15(0,0,4, M,) — ¢1,(0,0,0,M,)]
PIEeffect13 ,
= M, 1 3 58Y —[¢26(0,0,4,0) — $5(0,0,0,0)]
Az = Az = MMy 3 4 | Al B2 S MfeMy > MyfeMpin 3 0% | [y0(0, My, 4,0) — ¢30(0,0,0,0)]
PIEeffectM
= R ~[¢p11(0,M;,0,0) — $5(0,0,0,0)]
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pirds | AMyRI 2 MMy 3 A | My R A A AfeMy R 3 E R B | [$5,(0,0,4,0) — $4(0,0,0,0)]
= = M, > MyfeM,ih2 3 15 % F2 Y —[$26(0,0,4,0) — ¢5(0,0,0,0)]
PIEeffectlS
—[¢16(0,0,4,0) — ¢5(0,0,0,0)]
+[$4(0,0,4,0) — ¢,(0,0,0,0)]
pida A = MM;2 32 | MyREp 72 & 2 A2 £ My » MifeMyih | [¢,6(0,0,4,0) — ¢5(0,0,0,0)]
PIEeffecth |
= LI dEr R Y —[¢5(0,0,4,0) — $,(0,0,0,0)]
Ad = AM; 2 3 2 MMy2 324 | A2 &My » AfeMy 2 3 8% F258M, > [¢21(0, M1, A, My) — ¢4,(0, My, 0, M;)]
R R N » - _[¢20(0'M1'A' 0) - ¢30(0'O:A: O)]
+ + MyfrMpeh 3 76 % 258 —[h15(0,0,4, M,) — $,,(0,0,0, )]
PIEeffect17
[¢33(0,0,4,0) — ¢4(0,0,0,0)]
- _[4’11(0: leolo) - ¢5(O:0,0,0)]
—[¢26(0,0,4,0) — ¢3(0,0,0,0)]
A2 = NI AM 23 2 | AfeMyin 3 iR Y (AL & [h15(A, My, 0) — ¢15(0, My, 0)]
PIEeffectls ,
= My > AfeMy 2 3 18 % FFY) —[50(4,0,0) — ¢,(0,0,0)]
NALS AL AMp 23 4| AfeMyehd 3 % P FY (AL % [$10(4,0,4,0) = $5(4,0,0,0]
PIEeffect19 .,
= My AfeMy 2 3 1% FLEY) —[$5(0,0,4,0) — ¢,(0,0,0,0)]
Az = M2 = AMR 33 | A2 A My My2 S My 0 AfeMy 3 0% | [¢h15(4,0,0,M;) — 15(4,0,0,0)]
PIEeffethO
< *REY —[¢41(0,0,0,M;) — 5(0,0,0,0)]
Ai = B f—? i = AMlMZ 2 5 Ai 1:’\;Il/ll 1 MZE] f:’ i ) A'erlerZ [¢22(A! M1,0,0) - ¢)25(A, 0,0;0)]
2 ZERI T RIY ~[¢p21(0,M,,0,0) — ¢5(0,0,0,0)]
PIEeffethl
_[¢18(A' M1'0) - ¢19(0' Mlv 0)]
+[¢20(4,0,0) — ¢,(0,0,0)]
VERS M2 & AMMaR 3 | A2 S My M4 S My 0 AfeMyfeMy = | ([h2(A My, 0,M,) — 3,(4,0,0,0)]
‘ . (22 (A, M;,0,0) — $,5(4,0,0,0)]
4 ~+ £33 Fr BY —[12(4,0,0,M,) — $15(4,0,0,0)]
PIEeffethZ
[¢29(0'M11 O' Ml) - ¢6(01010v0)]
— < —[¢,1(0,M;,0,0) — ¢5(0,0,0,0)]
_[¢11(010'01M1) - ¢3(01010v0)]
Al = AMyR 32 [ AMp R 3 A | AL My AfeM; 2T TR My 0 A | {[$1(4,0,4 M) — ¢17(4,0,4,0)]
+ = TrMy 2 3 % Y —[¢h12(4,0,0,M;) — ¢,5(4,0,0,0)]}
PIEeffethS
_{[¢13(0,0,A,M1) - ¢16(0101Av 0)]
_[¢11(0v0101M1) - ¢3 (0,0,0,0)]}
BoiFa AM 2 3 4 AM,% 5 2 M2 p 72 AfeMy 2 3 1T B {[¢17(A0A0)—¢15(A000)]}
= EX My » AfrMyin 5 fe % g2 48y —[¢10(4,0,4,0) — ¢5(4,0,0,0)]
PIEeffect24
_ { [¢16(0,0,4,0) — ¢5(0,0,0,0)] }
—[¢9(0,0,4,0) — ¢,(0,0,0,0)]
4 A 4 A > g A s -
A = A3 = AM1M2 T3 Al ﬂé’:_—_ ‘%\'Mff\T‘Mz A‘fF‘Mfff’Mz—— _ﬁ__ {[¢24(A_ My, A, 0) — ¢27(A, 0,4, 0)]}
4 A 23 T JEY —[p22(A4, M,0,0) — ¢,5(4,0,0,0)]
PIEeffethS

~ {[¢>23(0. My, 4,0) = 26(0,0,4, 0)]}
~[¢h21(0, M;,0,0) — 5(0,0,0,0)]
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A2 = AM; % 3 4 AM M, < = A2 My AfeMy 2 5 i M, 0 A [E(Y) — ¢6(A, My, 0, M;)]
. 4 P . —[$24(4, My, A, 0) — ¢4,(4, M;,0,0)]
it 4% feMyfeMy= £ 2 5 5% 358y ! A 0A0) — g (4000 L
+[¢27(A' O,A, 0) - ¢)25(A' 0:0:0)]
—[$14(4,0,4, M) — ¢17(4,0,4,0)]
+[¢12(A: 0,0, Ml) - ¢15(A’ 0,0:0)]
PIEeffethG
([¢30(0: My, A, M;) — ¢29(0, My, 0, M;)]
—[¢23(0, M1, 4,0) — ¢,1(0,My,0,0)]
! —[¢)32(0,0,A, 0) - ¢6(010l0l0)] L
+[¢)26(0101Al 0) - ¢5(0:0:0:0)]
—[#13(0,0,4, M) — $16(0,0,4, 0)]
+[¢11(0'010'M1) - ¢3(0:0:0:0)]
prda JAMRI 2 | AMIM,R T | My E g A S AfeMy 3 T TR R [$35(4,0,4,0) — 31 (4,0,0,0)]
> 4 2 ’ - %5 5 (B ER —[¢27(4,0,4,0) — ¢,5(4,0,0,0)]
® 27 Mz > AfeMAeMy 2 £ 3T BEY 1 [4y(4.0,4,0) — 645(4,0,0,0)]
+[¢10 (A, 0,4, 0) - ¢8 (A, 01010)]
PIEeffect27
[¢32(0'0'Ar 0) - ¢)6 (0'01010)]
| ~16026(0,0,4,0) — $5(0,0,0,0)]
—[$16(0,0,4,0) — ¢3(0,0,0,0)]
+[¢9(0101A1 0) - ¢2(0:0:0:0)]
prdd | AL AMM, 25 | My F2 % AREM, » AfeMyfe | ([$2(4,0,4,0) — 4(0,0,4,0)]
:—4_ ':a\' MZ*:‘ é: “2 j ﬁ‘—} 3? fgsy —[¢10(A,0,A,0) - ¢8(A:0:0:0)]}
PIEeffectzs
_{[¢25(A, 01010) - ¢5(0:0:0:0)]
—[¢9(0,0,A, 0) - ¢2 (0101010)]}
poEa & M4 & MiM,2 54 | MyEp 74 2 > MR 8M, » MyfeM, | [¢6(0,0,0,0) — ¢5(0,0,0,0)]
PIEeffect29
> I ER Y ~[¢5(0,0,0,0) — $,(0,0,0,0)]
piTa = p = MMy2 32 | My ~M, &R p 724 = MifeM, 2 3 1% [¢5(0,0,0,0) — ¢,(0,0,0,0)]
PIEeffect30 .
B TR ~[$4(0,0,0) — ¢, (0,0,0)]
pFA M2 = My = M R p 72+ My EM, - My % [¢3(0,0,0,0) — ¢,(0,0,0,0)]
PIEeffectSl
Y
PlEfrecesr | B 72 = RF A M2 = M Ep 74 = MiBEY [¢4(0,0,0) — ¢,(0,0,0)]
PlEcrpecess | X F 2 = poird e My2 = My E g 72 & Mp® JY [#,(0,0,0,0) — $,(0,0,0)]
(332) =Lz REHfREFEIHA - FISW - FEBER LA
238 BRI/ EIRLEINVNERFFF OEREEFTRE S H AP
(R ERATE FHAT F 203 PIE = BT = & = FRZHE 00Uk 4k
’t;i’ ? 3 e Fﬁﬂ% i%« C A 'Q %‘ 7T ’;\;Y(a'mlﬂmZ) N Ml(el) N MZ(eZ'mi)ﬁq}; i‘?

WA QAP EEREY B4 A EH T RRS PG TR KBTS

AP 4 FF M,

E[Y (0, M;,0) — Y (0, M,(0),0)]
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= [d)ZO(A) 0’0) - ¢4(0)0)0)] - [¢)7(A' 010) - ¢)1(01010)]
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FBFFA? A FIMHEY LI E 5 MR AR ¢ A FF My p (72 ek
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AT Bl T A 3O E S L2 BAEEA BT SBIEE S UZ A
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PIEeffectl PIEeffeth PIEeffect3 PIEeffecM- PIEeffectS PIEeffect6 PIEeffect7
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% 310 EEA ek TR EE > FIER - FRERBERLRE

PIEeffectl
Definition
E[Y(A,0,0) —Y(0,0,0)]
= ¢7(4,0,0) — ¢,(0,0,0)
Identification

¢1 = E[Y(a’,my, my)] = E[Y|A = a’,M; = mj, M, = mj]

¢7 = E[Y(A,my,my)] = 2.E[Y|A = a,M; = mj, M, = m3]P(A = a)

Required Assumptions DAG
(Al) Y(a, my, mZ) 1 {A ) Mll MZ}
e (41.1)Y(a,m;,m,) LA A — Y

[ (A1.2) Y(a, ml, mz) 1 MlIA
[ ] (A1.3) Y(a,ml,mz) L M2|A,M1

PIEeffeth

Definition

E{[Y(1,1,0) — Y(1,0,0) — Y(0,1,0) + Y(0,0,0)] * 4 * M,(0)}
= E[Y (4, M, (0),0) — Y(0, M,(0),0)] — E[Y(4,0,0) — Y(0,0,0)]
= [d)ZO(A' O'O) - ¢)4(01010)] - [¢7(A, 010) - d)l(0,0,0)]

Identification

[Y(a',mi,m})] = E[Y|A = a',M; = mj, M, = m}]

E
E[Y(A,m],m})] = ZLE[Y|A = a,M; = m|,M, = m}]P(A = a)
E[Y(a',M(e1), mp)] = 2:mlE[YM =a',M; =my, My = my]P(M; = my|A = e;)

P20 = E[Y (A, M, (e1), m3)] = Za,mlE[YlA =a,M; = my, M, = my|P(M; = m{|A = e;)P(A = a)

Required Assumptions DAG

° (A1.2) Y(a,my,m,) L M,|A M1
° (A1.3) Y(a,my,m,) L M,|A, M, 1
(AZ) Y(a' ml' mZ) 1 Ml(el)

— —
(A4) My(ey) L A A AM, Y
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PIEeffect3

Definition

E{[Y(1,0,1) — Y(1,0,0) — Y(0,0,1) + Y(0,0,0)] * A x M,(0,0)}
= E[Y(4,0,M,(0,0)) — Y(0,0,M,(0,0))] — E[Y(4,0,0) — Y(0,0,0)]
= [d)S(A! 01010) - ¢2 (0’0’0’0)] - [¢7(A’ 0’0) - ¢)1(01010)]

Identification

¢1 = E[Y(a’,my, my)] = E[Y|A = a’,M; = m}, M, = mj]

¢, = E[Y(a’,mi,Mz(ez',mi))] = Za,ml,sz[YlA =a',M; = my, My = my]P(M, = my|A = e3, My = my)
¢; = E[Y(A,my,my)] = Ea,ml,sz[YlA =a,M; =mj, M, = my]P(A=a)

g = E[Y(A' mi»Mz(eé'mi))]

=Zam,E[Y|A = a,M; = mj, M = mp]P(M, = my|A = e;,M; = mj)P(A = a)

Required Assumptions DAG
e (412)Y(a,mym,) L My|A M;
[ ] (A1.3) Y(a,ml,mz) 1 M2|A,M1 1
(43) Y(a,my, my) L M,(ezmy) A I AMZ > Y

(A5) My(ey,my) L {A My}
[ ] (A51) Mz(ez,m:,l) L A
[ (ASZ) Mz(ez,mll) 1 M1|A
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PIEeffect4-

Definition

E{[Y(1,1,1) — Y(1,1,0) — Y(1,0,1) + ¥(1,0,0) — Y(0,1,1) + Y (0,1,0) + Y(0,0,1) — Y(0,0,0)] * A
* M;(0) * M,(0,0)}

= E[Y(A. M1(0), M,(0,0)) — Y(0, M,(0), M5(0,0))] — E[Y (4, M;(0),0) — Y (0, M;(0),0)]
— E[v(4,0,M,(0,0)) — Y(0,0,M,(0,0))] + E[Y(4,0,0) — Y(0,0,0)]

= [$25(4,0,0,0) — $5(0,0,0,0)] — [¢20(4,0,0) — ¢,(0,0,0)] — [¢5(4, 0,0,0) — ¢,(0,0,0,0)]
+ [¢7(4,0,0) — ¢,(0,0,0)]

Identification

¢, = E[Y(a’,mj,m})] = E[Y|A = a',M; = m|, M, = m}]

¢ = E[Y(a',my, My(e3,m))] = Zn, E[YIA = @', My = mj, My = my]P(M, = my|A = e;, My = my)
¢4 = E[Y (@', My(e)), m))] = Zp, E[YIA = @, My = my, My = m[P(M; = my]A = ef)

¢s = E[Y(a', My(e}), My (5, m))]

=Zm, m,E[Y|IA =a',M; =my, M, = my]P(M,; = my|A = e;, My = m))P(M; =m,|A = ej)

¢7 = E[Y(A,my,my)] = ZE[Y]A = a, My = m;, M, = my]P(A = @)

b10 = E[Y(A,m], My(ez,m)))]

=Zgm,E[Y|A = a, My = m}, My = my]P(M; = my|A = e5, My = m})P(A = a)

20 = ELY (4, My (e]),m))] = Zqm, EIVIA = a,My = m;, My = my]P(M; = my|A = ep)P(A = a)
25 = E[Y(A, My (e]), My(e3,m}))]

= Sam,m,EIY|A = a,My = my, My = my]P(My = my|A = e, My = m{)P(M; = m;|A = e])P(A = a)

Required Assumptions DAG

(A1) Y(a,my,m,) L {A,M;, M,}
° (41.1)Y(a,my,m,) L A

° (41.2) Y(a,my,m,) L M,|A 1
° (A1.3) Y(a,my,m,) L My|A, M,
(A2) Y(a,my, my) L M, (eq)

(43) Y(a,my, m,) L M,(e,, my) T
(A4) M (e;) L A

(A5) M, (e,, my) L {A, M}

° (A5.1) M,(e,,my) L A

° (A5.2) M,(e;,my) L M;|A
(A6) M,(ey, my) L M;(e;)
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PIEeffectS

Definition

E{[Y(1,1,1) — Y(1,1,0) — Y(0,1,1) + ¥(0,1,0) — ¥(1,0,1) + Y(1,0,0) + ¥(0,0,1) — ¥(0,0,0)] * A * M, (0) * [M,(0,1)
- M,(0,0)]}

= E [v (4,M,(0),M,(0, M, (0))) = ¥ (0, M, (0), M, (0, M, (0)) )] — E[¥ (4, M,(0), M,(0,0)) — ¥ (0, M,(0), M, (0,0))]
—E[(4,0,M(0,M,(0))) - ¥ (0,0,M,(0, M, (0)) )] + E[(4,0, M,(0,0)) - ¥ (0,0,M(0,0))]

= [¢h1(4,0,0,0) — 5(0,0,0,0)] — [,5(4,0,0,0) — b5(0,0,0,0)] — [15(4,0,0,0) — ¢5(0,0,0,0)]

+ [¢8 (A' 0,0,0) - 4)2 (0,0,0,0)]

Identification

¢, = E[Y(a’,m}, My(es, m))] = Zam m,EIY|A = a',M; = mj, My = m;]P(M, = m;|A = ej, My = m})

s = E[v (a,m, My(e5, My (D) )] = Sam,m, EIYIA = a', My = mi, My = m,]P(M, = m,|A = e}, My = my)P(My = my|A = ef)

¢s = E[Y(a’, My (e]), My(e5,mD))] = Zqm,m,EIY 1A = a', My = my, My = m,]P(My = m,|A = e}, My = m{)P(M; = my|A = ef)

b6 = E[ (2, My(e]), My (e}, My (€D))] = Zam, m, EIYIA = @', My = my, My = my]P(M, = my]A = €3, My = my)P(My = my|A = e])
s = E[Y(4,m}, My(es,mD)] = Zamym,EIY14 = a,M; = m}, My = my]P(M, = m,|A = €3, M; = mpP(A = a)

15 = E [v (4,m1, My(e5, My (eD))]

= Za,ml,sz[HA = a, My = my, M, = my]P(M; = my|A = e;, M; = my)P(M; = my|A = e;)P(A = a)

b2s = E ¥ (4,m, My(e5, My(e]) )]

=Zomm,E[Y|A=a M = my, My = my]P(My = my|A = e3, My = m)P(My = my|A = e))P(A = a)

a1 = E [v (A My (e}, My (e, M (eD) )]

= Za,ml,sz[ylA =a,M; =my, M, = my]P(My = my|A = e3,M; = m;)P(M; = my|A = e))P(A = a)

Required Assumptions DAG
(A1) Y(a,my,my) L {4, M,,M,}
[} (A1.1) Y(a,my,my,) L A M1 > Mz
° (A1.2) Y(a,m;,m,) L M;|A 1
) (A1.3) Y(a,my,m,) L M,|A, M,

(AZ) Y(a, m1um2) 1 Ml(el) A —- AMl M2 —- Y

(43) Y(a,my,m;) L M, (e, m)
(A4) My(e;) LA

(45) M,(e,my) L {A, M,}

®  (45.1) My(e,m) LA

o (45.2) My(e,m}) L M, |A

(46) My (e;,my) L My(ey)
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PIEeffect6

Definition

E| (4,0,M5(0,M,(0))) = ¥ (0,0, M,(0,M,(0)) )| - E[¥(4,0,M,(0,0)) - ¥(0,0, M,(0,0))]
= E{[Y(1,0,1) = Y(1,0,0) — Y(0,0,1) + Y(0,0,0)] * A * M(0) * [M,(0,1) — M,(0,0)]}
= [¢15(A, 0,0,0) - ¢3 (0,0,0,0)] - [¢3(A, 0,0,0) - ¢2 (0!010!0)]

Identification

b, = E[Y(a',m, My(ep,m)))]

= ZomumEY1A = @', My = mi, M, = m,]P(M, = m,|A = e}, M; = m})

¢y = E [v (a',mi, My (e, My (eD))]

=Zom,mE[YIA = a',M; =my, M, = my]P(M, = m,|A = €3, My = my)P(M; =my|A = e;)

b = E[Y(4,m}, My(ej,m))]

= Za,ml,sz[ylA =aq, M1 = m’l: Mz = mz]P(Mz = m2|A = eélMl = m’l)P(A = G.)

15 = E [ (4,mi, My (e, My (eD))]

= Za,ml,sz[YlA = a,M; = mj,M; = m,]P(M, = my|A = e, M; = m)P(M; = m,|A = e;)P(A=a)

Required Assumptions DAG
(A1) Y(a,my,my) L{A, M, M,}
e (A11)Y(a,my;my) LA Ml S MZ

° (A1.2) Y(a,my,my) L M;|A

° (A1.3) Y(a,my,m;) L M,|A, M,
(A2) Y(a,my, my) L My (eq)

(43) Y(a,my, m,) L M,(e,, my)

(A4) M (e;) L A

(A5) M,(e,, my) L {A, M}

° (A5.1) M,(e,,mi) LA

° (A5.2) M,(e;,m;) L M, |A

(46) M, (e;,my) L M,(ey)

1

A—-»AMZ—DY
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PIEeffect7

Definition

E{[¥(0,1,0) — Y(0,0,0)][M; — M,(0)]}
= E[Y(O, Ml! 0) - Y(O’ Ml (0)’ 0)]
= ¢19(01 Ml! 0) - ¢4(0)0)0)

Identification

¢4 = E[Y(a', M1(e1), m3)]

= ZmlE[YlA = a,, M1 = ml, Mz = mlz]P(Ml = m1|A == ei)

¢19 = E[Y(a’, M1;m’2)]

=Zom,E[Y|A =a',M; = my, M, = my]P(My = my|A = a)P(A = a)

Required Assumptions DAG

(A1) Y(a,my,my) L{A, My, My}

e (A1.1)Y(a,m;,m,) LA

e (41.2)Y(a,my,m,) L M;|A

e (413)Y(a,my,m,) L M,|A,M,
(A2) Y(a,my,my) L Myi(eq)

(A4) My(e;) L A

A——> My — Y
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PIEeffectS

Definition

E{[Y(0,0,1) — Y(0,0,0)][M,(1,0) — M,(0,0)] * A}
= E[v(0,0,M,(4,0)) — Y(0,0,M,(0,0))]

= ¢4(0,0,4,0) — ¢,(0,0,0,0)

Identification

¢, = E[Y(a', my, M, (e, mi))]

= Zsz[YlA = a,, M1 = m:,l, Mz = mz]P(Mz = mzlA = eé, M1 = mll)

$o = E[Y(a’,m}, My(A,m)))]

=Zom,E[Y|A = a',M; = mj, M, = my]P(M, = my|A = a,M; = m;)P(A = a)

Required Assumptions

DAG

(A1) Y(a,my,my) L{A, My, My}

e (A1.1)Y(a,m;,m,) LA

e (41.2)Y(a,my,m,) L M;|A

e (413)Y(a,my,m,) L M,|A,M,
(43) Y(a,my, my) L M;(ez,mq)
(A5) My (ez,my) L {A, My}

e (A5.1) M,(ey;m;) LA

e (A5.2) My(e;,m7) L M, |A

A——> M, —— Y
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PIEeffect9

Definition

E{[Y(0,1,1) — Y(0,1,0) — ¥(0,0,1) + Y(0,0,0)][M, — M,(0)][M,(0,1) — M,(0,0)]}
= E [v(0, My, M;(0, My)) = ¥ (0, M, (0), M, (0, M, (0)) )]

— E[v(0, My, M,(0,0)) — Y(0, M1(0), M,(0,0))]

— E[v(0,0,M,(0,M,)) = ¥ (0,0, M,(0, M,(0)) ]
= [$29(0, M;,0,M;) — ¢6(0,0,0,0)] — [¢21(0, My, 0,0) — ¢5(0,0,0,0)]

— [¢11(0,0,0, M) — ¢5(0,0,0,0)]

Identification

¢ =E [y (a’ mj, Mz(eé, M1(e{)))]

=Xm,m,E [Y|A =a',M; =mj, M, = my]P(M, = m,|A = e;, My = m))P(M; = my|A = e;)
s = E[Y(a’ M, (ep), M2(32:m1))]
=Xm,mE [Y|A =a',M; = my, M, = my]P(M, = m,|A = e;, My = m))P(M; = my|A = e;)

s = E|Y (o', My(e)), My(e3, My (e]) )]

=Xm,m,E [Y|A =a',My = my, My = m,]P (M, = m,|A = e3, M; = m)P(M; = my|A = e;)
$11 = E[Y(a’ my, Mz(eé:Mﬂ)]

=Xm,m,E [Y|A = a',M; = mj, M, = my]P(M; = m,|A = e;, My = my)P(My = m,)

o1 = E[Y(a’ My, M2(32:m1))]

=Xm,mE [Y|A = a',M; = my, My = my]P(M; = my|A = e;,M; = my)P(My = m,)

29 = E[Y(a’ M1,M2(eé;M1))]

=Xm,mE [Y|A = a',M; = my, M, = my]P(M, = my|A = e;, My = m)P(M; = m,)

Required Assumptions DAG

(A1) Y(a,mqy,my) L {A, M, My}
° (A1) Y(a,my,my) LA

° (A1.2) Y(a,my,my) L M, |A

° (A1.3) Y(a,my,my) L M,|A, M, / \

(42) Y(a,my,my) L My(ey) M, —=> M\M;—— Y
(43) Y(a,my, m,) L M,(e,, my)
(A4) M (e;) L A

(A5) M,(e,, my) L {A, M}

. (45.1) M,(e,;,mi) LA

. (A5.2) M,(e,,my) L M;|A
(46) M, (e;, my) L M, (ey)
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PIEeffecth

Definition

E{[Y(0,0,1) —Y(0,0,0)][M>(0,1) — M,(0,0)][M; — M;(0)]}
= E [Y(0,0,M,(0, M) — ¥ (0,0, M;(0, M,(0)) )]

= ¢11(010101 Ml) - ¢3 (0’0’0’0)

Identification

¢s = E |¥ (a/,mi, My(e5, My (eD))]

= Eml,sz[YlA =a',M; = my, M, = my]P(M, = my|A = e;, My = m)P(M; = my|A = e;)
h11 = E[Y(a', mj, Mz(eé:M1))]

= Eml,sz[YlA =a',M; = my, M; = my]P(My = my|A = e;, M; = my)P(M; = m,)

Required Assumptions DAG

(A1) Y(a,my,my) L{A, My, My}
e (A1.1)Y(a,m;,m,) LA

e (41.2)Y(a,my,m,) L M;|A
e (413)Y(a,my,m,) L M,|A,M,
(A2) Y(a,my,my) L Myi(eq)
(43) Y(a,my, my) L M;(e;,my)
(A4) My(e;) L A

(A5) My (ez,my) L {A My}

e (A5.1) My(ey;,my) LA

e (A5.2) My(ey,m7) L M,|A
(A46) My (ez, my) L My(ey)
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PIEeffectll

Definition

E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + Y(0,0,0)][M; — M;(0)]M,(0,0)}
= E[v(0, M;, M,(0,0)) — Y (0, M,(0), M,(0,0))]

— E[Y(0,My,0) — Y (0, M,(0),0)]
= [¢21(0,M3,0,0) = ¢5(0,0,0,0)] — [¢h15(0, M1, 0) — ,(0,0,0)]

Identification

¢4 = E[Y(a', My (e]), m3)]

=X, E[Y|A=a',M; =my, M, = my]P(M; = my|A = e;)

¢s = E[Y(a',My(e1), My (e3,m1))]

= Eml,sz[YlA =a',M; = my, M; = my]P(My = my|A = e;, My = mi)P(M; = my|A = e;)
$10 = E[Y(a’, My, m})]

=X, E[Y|A =a',M; = my, M, = my]P(M; =my)

o1 = E[Y(a', M, Mz(eé'mi))]

= Eml,sz[YlA =a',M; = my, My = my]P(M, = m,|A = e;, M; = mi)P(M; = m,)

Required Assumptions DAG

(A1) Y(a,mq,m,) L {A, My, M,}
e (A11)Y(a,my,m,) L A

M,
o (4A12)Y(a,my,m,) L M;|A
e (A13)Y(a,my,m,) L M,|A, M, l’
(A2) Y(a,my,m;) L My(er) A — My— M\M;— Y

(43) Y(a,my,m;) L My(ep,m})
(A4) My(e)) LA

(A5) My(ez,my) L {A, My}

e (A5.1) M,(e,,m;) LA

o (A5.2) My(e,,my) L My|A
(46) My(ez,my) L My(ey)
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PIEeffectlZ

Definition

E{[Y(0,0,1) — Y(0,0,0)][M,(1,1) — M,(1,0) — M,(0,1) + M,(0,0)] * A * M;(0)}

=E [Y (0,0, MZ(A,Ml(O))) -Y (0»0» M, (0, M1(0)))]

— E[v(0,0,M,(4,0)) — Y(0,0,M,(0,0))]
= [¢16(0!01 A: 0) - ¢3 (0’0’0’0)] - [¢9(0’0’ A, 0) - ¢)2(0101010)]

Identification

¢z = E[v(a',mi, My(e3,m)))]

- Zsz[YlA — al’1‘41 — m;;MZ = mZ]P(MZ = leA = eé:Ml = m’l)

¢3=E [Y (a’,m&,Mz(eé,Mﬂe{)))]

=Zm,m,E[Y|A = a',My = mj, M, = m,]P(My = m;|A = €5, My = my)P(M; = my|A = e])

¢9 = E[Y(a',ma,Mz(A: mi))]

_ Za'sz[YlA — a’,M1 — m;;MZ = mz]P(MZ = szA =a,M; = mi)P(A = a)

$16 =E [y (al’ma'MZ(A' Ml(e{)))]

_ Za,ml,sz[HA =a',M; = mj, M, = my]P(M, = my|A = a,M; = my)P(M; = my|A =e;)P(A = a)

Required Assumptions DAG

(Al) Y(a' my, mZ) 1 {A IM]JMZ}
° (A1.1)Y(a,my,m;) L A

o (41.2)Y(a,m;m,) L M;]A My
e (A13)Y(a,m;,my) L My|A, M, l
(A2) Y(a,my,my) L M;(ey) A — AMy— M, — Y

(AB) Y(a' ml'mZ) 1 MZ(eZ'mZIL)
(A4) My(e;) L A

(AS) MZ(eZ'mll) 1 {A' Ml}

e (A5.1) M,y(e,,m;) LA

e (A5.2) My(ey,mi) L My|A
(46) My(e;,my) L My(ey)
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PIEeffect13

Definition

E{[Y(0,0,1) = ¥(0,0,0)][M; — M;(0)][M,(1,1) — M>(1,0) — M(0,1) + M,(0,0)] » A}
= E[Y(0,0, My(4, M;)) — Y (0,0, M,(0, My))]

— E[v (0,0,M,(4, M,
= [¢10(0,0, 4, M) — ¢,,(0,0,0, My)] —

(0))) -y (0,0, M, (0, Ml(O)))]
[¢26(010' A, O) - ¢3 (010'010)]

Identification

95 = E[v (a,m, My(e5, My D) )]

=Zp,m,E[YIA=a',M; = mj, M, = my]P(M, = my|A = ey, My = my)P(M; = my|A = e;)

P12 = E[Y(a’, my, My (e, Ml))]

= Eml,sz[yh‘l =a',M; = my, My = my]P(M, = my|A = e, M; = my)P(M; = my)

P19 = E[Y(a’, my, My (4, M1))]

= Ea_mllsz[Y|A =a',M; = mj, M, = my]P(M, = my|A = a,M; = my))P(M; = my|A = a)P(A = a)

26 = E [v (a',m}, My(4,My(e)) )|

=Zgm,m,E[Y|IA=a' My =mj,M, = my]P(M, = my|A = a,M; = m)P(M; = my|A = e])P(A = a)

Required Assumptions

DAG

(A1) Y(a,my,my) L {A, M, M,}

e (A1.1)Y(a,m;,m,) LA
[ ] (AlZ) Y(a, ml,mz) J. M1|A
[ ] (A13) Y(a,ml,mz) L M2|A,M1

(A2) Y(a,my,my) L M, (e;)
(43) Y(a,my, my) L My(e;,mq)
(A4) My(e;) L A

(A5) My(ez,my) L {A My}
(A5.1) M,(e;,m;) LA
(A5.2) M,(e,,my) L M,|A
(A46) My (ez, my) L My(ey)

M,
!

A _.’AMl
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PIEeffect14

Definition

E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + Y(0,0,0)][M; — M, (0)][M,(1,0)
— M;(0,0)] = A}

= E[Y(0, M;, M,(4,0)) — Y(0, M, (0), M5(4,0))]
— E[Y(0, My, M,(0,0)) — Y (0, M1(0), M,(0,0))]

= [q-')zo(o» M, A, 0) - ¢30(0,0, A, 0)] - [¢11(0, M;, 0,0) — ¢5(0:0:0:0)]

Identification

bs = E[Y(a', My (e]), My (e3,m)))]

=X, m,E[YIA=a',M; = my, M, = my]P(M; = my|A = e;, My = m))P(M; = my|A = ej)

¢11 = E[Y(a', My, My(ej,m)))]

= Zm,m,E[YIA = a',My = my, M, = mp]P(M; = m,|A = €3, My = m;)P(M; = my)

b0 = E[Y(a', My, My(4,m))]

= Som,mE[Y|A = a',My =my, M, = my]P(M, = my|A = a,M; = m)P(My = my|A = a)P(A = a)
30 = E[Y(a', My(e}), My(4,m)))]

= Zom,m,EY|A=a',My = my, M, = my]P(M; = m,|A = a,My = m{)P(M; =my|A = e})P(A = a)

Required Assumptions DAG

(Al) Y(a' mpmz) 1 {A 'MllMZ}

° (A1.1)Y(a,my,m;) L A

e (A12)Y(a,my,m,) L M;|A

o (A13)Y(a,my,my) L My|A, M, A / MM, — Y
M,

M;

(Az) Y(a' mli mZ) 1 Ml(el)
(AB) Y(a' ml'mZ) 1 MZ(eZ'mZIL)
(AB) Y(a' ml'mZ) 1 MZ(eZ'mZIL)
(A4) M1(e;) L A

(AS) MZ(eZ'mll) 1 {A' Ml}

e (A5.1) M,(e,,m' ;) LA

e (A5.2) My(ey,mi) L My|A
(A6) M, (ey,my) L My(eq)
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PIEeffectlS

Definition

E{[Y(0,1,1) — ¥(0,1,0) — ¥(0,0,1) + ¥ (0,0,0)]M; (0)[M,(1,1) — M,(0,1) — M,(1,0) + M,(0,0)] * A}

= E[v (0,M,(0), M, (4, M, (0))) = ¥ (0, M, (0), M, (0, M, (0)) )] = E[¥ (0, M, (0), M;(4,0)) = Y (0, M, (0), M, (0,0))]
— E{ (0,0,M,(4,M,(0))) = ¥ (0,0,M,(0, M, (0)) )| + E[¥ (0,0, M, (4,0)) — ¥(0,0,M,(0,0))]

= [$53(0,0,4,0) = $5(0,0,0,0)] — [$30(0,0,4,0) — $5(0,0,0,0)] — [6(0,0, 4,0) — 5(0,0,0,0]

+ [¢13 (0,0, 4, O) - 4)2 (0,0,0,0)]

Identification

b, = E[Y(a',m, My(ep,m)))]

=, E[Y]A = a', M, = m}, M, = my]P(M, = my|A = e}, M, = m})

¢y = E [v (a',mi, My (e, My (eD))]

=Ly, m, E[Y|A =a',M; =mj, M, = m,|P(M; = my|A = e3,M; = my)P(M, = my|A = e])

bs = E[Y(a', M, (e}, M (ep,m)]

=Zm,m,E[YIA=a',M; = my,My = m,]P(M, = m,|A = e;,M; = m;)P(M; =m,|A=e;)

b6 = E [v (o', My (eD), My (e5, My (e))) )|

= Zamym, E[Y|A = a',M; = my, M, = my]P(My = m,|A = e3, My = m)P(M, = m;|A = ef)

ba3 = E[Y(a’,m}, My(A,m))]

= i, m, E[YIA = @/, My = mi, My = m,]P(M, = my|A = a,M, = mi)P(A = a)

26 = E |V (2, My (A, M, (eD))]

= Zam,m EY1A = ', My = mi, My = my]P(My = my|A = a, My = m,)P(My = m;|A = e))P(A = a)
30 = E |V (2, My (4, M, (eD))]

= SommE[YA = @', My = mi, My = m,|P(My = m,|A = a,M; = m))P(M, = m;|A = e])P(A = a)
b33 = E |V (@', My (e}), My (4, My (D) )]

=Zom,mE[Y|A= a',M; = my, M, = my]P(My =m,|A = a, My = m)P(M; = my|A =e;)P(A=a)

Required Assumptions DAG

(A1) Y(a,mq,my) L{A, M, M,}
° (A1) Y(a,my,my) LA

° (A1.2) Y(a,my,my) L M, |A \
° (A1.3) Y(a,my,my) L M,|A, M, l

(A2) Y(a,my, my) L M, (eq)
(43) Y(a,my, m,) L M,(e,, my)
(A4) M (e;) L A

(A5) M,(e,, my) L {A, M}

. (A45.1) M,(e,;,mi) LA

. (A5.2) M,(e,,my) L M;|A
(46) M, (e,, my) L M, (ey)
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PIEeffecth

Definition

E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + Y(0,0,0)]M, (0)[M,(1,0) — M,(0,0)] * A}
= E[Y(0, M,(0), M,(4,0)) — Y(0,M,(0), M,(0,0))] — E[Y (0,0, M,(4,0)) — Y(0,0,M,(0,0))]
= [¢30(0,0,4,0) = ¢5(0,0,0,0)] — [¢13(0,0,4,0) — ¢,(0,0,0,0)]

Identification

¢2 = E[Y(a,lm:’lrMZ(eérm;.))]

= Esz[Y|A =a', M, = mi, M, = my]P(M, = my|A = ej, M; = mj])

¢5 = E[y(a,lMl(e{)rMZ(eérm:,L))]

=Ty, m,E[YIA=a',M; = my,M; = mp]P(M, = my|A = ey, M; = m))P(M; = my|A = e;)

P13 = E[Y(a’, my, M, (4, mi))]

=Zom,E[Y|A = a',M; = mj, My = mp]P(M, = my|A = a,M; = m)P(A = a)

P30 = E[Y(a’, M;(e1), My (4, mi))]

=Zgm,m,E[YIA=a' My =my,M, = my]P(M, = my|A = a,M; = m{))P(M; = my|A = e])P(A = a)

Required Assumptions DAG

(Al) Y(a' my, mz) 1 {A ’ MllMZ}
° (A1.1) Y(a,my,m,) L A

o (41.2)Y(a,my,m,) L My|A M,
o (413)Y(a,mymy) L M,|A, M, |
(42) Y(a, my, mz) 1 Ml(el) A — M2 — Mle——" Y

(43) Y(a,my, m,) L M,(e;,my)
(A4) M (e;) LA

(A5) M;(ez, my) L {A, My}

. (A5.1) M,(e,,m;) LA

. (A5.2) M,(e,,my) L M;|A
(A6) M, (ez,my) L My(ey)
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PIEeffect17

Definition

E{[¥(0,1,1) — Y(0,1,0) — ¥(0,0,1) + Y (0,0,0)][M; — M, (0)][M,(1,1) — M,(1,0) — M(0,1) + M,(0,0)] = A}
= {E[v(0,M;, My(A, M,)) — Y (0,My, M,(0,M))] — E[Y (0, My, M,(4,0)) — Y(0,M,(0), M,(4,0))] — E[¥ (0,0, M,(4,M,)) — Y(0,0,M,(0, M)))]}
—{E[¥ (0.M,0), (4, M,(0))) — ¥ (0,4, (0), M, (0, M, (0))) ] — E[¥ (0, My, M,(0,0)) — ¥ (0, M, (0), M;(0,0))]
—E[r (0,0,M,(4,1,(0))) - ¥ (0,0,M,(0,1,(0)))]}
= {[¢p21(0, My, A, My) — 1, (0, My, 0, M)] = [h20(0, My, 4,0) — 30,0, 4,0)] — [h15(0,0, 4, M) — ¢1,(0,0,0, M)} — {[55(0,0, 4, 0) — ¢4(0,0,0,0)]

= [#11(0,M3,0,0) — 5(0,0,0,0)] — [54(0,0, 4, 0) — ¢5(0,0,0,0)]}

Identification

b5 = E[Y (2, m, My(e5, My(D))] = S, m, ELY 14 = @', My = mi, My = my]P(My = m,|A = e}, My = my)P(My = my|A = ef)

¢s = E[Y(a’, My (e]), My(e5,mD))] = Ty m,E[YIA = @', My = my, My = m,]P(My = m,|A = e}, My = m{)P(M; = my|A = e])
o = E[¥ (o My(e]), My(e5, My (eD))] = Zm, m, EIY14 = @', My = my, My = malP(M, = my|A = e}, My = my)P(My = m, |4 = e])
$11 = E[Y(a', My, My(e5,m)))] = Zpn, m, EIY 1A = @', My = my, My = m,]P(M, = my|A = e, My = m})P(M; = m;)
12 = E[Y(a my, My(e3, M1))] = Zmym, E[Y|A = a',M; = m}, M, = mp]P (M, = my|A = e;, M; = my)P(M; = m,)
b17 = E[Y(a My, Mz(ez M1))] 3 Zmlsz[Y[A =a',M; =my, My = my]P(M, = my|A = 92 M; = my)P(M; = my)
$19 = E[Y(a',m}, My (4, My))] = Zom, m,E[YIA = @, My = m}, My = my]P(M, = m,|A = a, My = my)P(My = my|A = a)P(A = a)
$20 = E[Y(a', My, My(A4,m)))]| = Zgm, m,EIY|A = @', My = my, M, = my]P(M; = mp|A = a,M; = m})P(My = my|A = a)P(A = a)
$21 = E[Y(a', My, My (4, M) = S m,m,EIYIA = @', M; = my, M, = m,]P(M, = m,|A = a, My = my)P(My = my|A = a)P(A = a)
P26 = E[Y(a M, (e1), My (4, m1))] = Zgm,mEY]A = a', My = my, M, = my]P(M, = m,|A = a,M; = m))P(M; = my|A = e;)P(A = a)
b0 = E[Y(a', My(e), Ma(A4mD)] = Zgm,m, E[YIA = @', My = my, M, = mp]P(Mp = mp|A = a,M; = m)P(M; = my|A = e))P(A = a)
3 = E [V (2, My(eD), My(4, My (€D))] = Zam, m, EIVIA = @, My = my, My = m,]P(M, = m,|A = @, My = my)P(My = my]A = e{)P(A

=q)

Required Assumptions DAG

(A1) Y(a,my,m,) L {A, My, M,}
° (A1.1)Y(a,my,my) L A M,

o (A12)Y(amy,my) L M;|A / | \

o (A13)Y(a,my,m,) L My|A M, A — AM; — My — M M;—> ¥
(A2) Y(a,my, my) L M, (eq)
(43) Y(a,my, m,) L M,(e,, my)
(A4) M (e;) L A

(A5) M,(ey,m' 1) L {4, M}

. (A45.1) M,(e,;,mi) LA

. (A5.2) M,(e,,my) L M;|A
(46) M, (e;, my) L M, (ey)
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PIEeffectlS

Definition

E{[Y(1,1,0) — Y(1,0,0) — Y(0,1,0) + Y(0,0,0)][M; — M,(0)] = A}
= E[Y(A, Ml; 0) - Y(O, Ml! 0)] - E[Y(A’ Ml (0), 0) - Y(O, Ml(o)' 0)]
= [¢8 (A! Ml; 0) - ¢9 (0’ Ml) 0)] - [¢28(A’ 0'0) - ¢4(0,0,0)]

Identification

¢4 = E[Y(a’, My(e1),m3)]

=In, E[Y|A =a',M; =my, My = m3]P(My = my|A = e;)

¢g = E[Y(A, My, m3)]

=Zom,E[Y|A = a,M; = my,M, = m3]P(M, = my|A = a)P(A = a)
$o = E[Y(a’, My, m3)]

= ZmlE[YlA =a',M; = my, M, = my]P(M; = m,)

$25 = E[Y (4, My(e1),m3)]

=Zom,EIY|A = a,M; = my,M, = m3]P(M; = my|A = e))P(A = a)

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, M}
e (AL1)Y(a,my,m;) LA My
e (A1.2)Y(a,my,my) L M;|A / 1
e (4A13)Y(a,my,m,) L M,|A, M,
(A2) Y(a,my,my) L M, (e;)

(43) Y(a,my, my) L My(e;,mq)
(A4) My(e;) L A

(A5) My(ey,m' 1) L {A, My}

e (A5.1) My(e;,my) LA

e (A5.2) My(ey,m7) L M,|A

(A6) M,(e;,my) L My(ey)
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PIEeffect19

Definition

E{[Y(1,0,1) — Y(1,0,0) — Y(0,0,1) + Y(0,0,0)][M,(1,0) — M,(0,0)] = A}
= E[Y(4,0,M,(4,0)) — Y(4,0,M,(0,0))]

— E[Y(0,0,M,(4,0)) — Y(0,0,M,(0,0))]
= [¢15(4,0,4,0) — ¢10(4,0,0,0)] — [¢13(0,0,4,0) — ¢,(0,0,0,0)]

Identification

¢z = E[Y(a’,m;,Mz(eé,m’l))]

=X, E[Y|A =a',M; = mj,M, = my]P(M, = my|A = e3, My = my)

$10 = E[Y(A: mi'Mz(eé'mD)]

=Zom,E[Y|A = a,M; = mj,M, = my]P(My = my|A = e;,M; = m))P(A = a)
P13 = E[Y(a’,mi,Mz(A, mi))]

=Zom,E[Y|A = a', My = mj, M, = my|P(My = my|A = a,M; = mj)P(A = a)
¢15 = E[Y(4,my, My(4,m)))]

=Zgm,ElY|A = a,M; = mj,My = my]P(My = my|A = a,M; = m;)P(A = a)

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, M} M
e (Al1)Y(a,m;,m,) LA 2
o (A1.2)Y(a,my,m,) L My|A / 1
e (4A13)Y(a,my,m,) L M,|A, M,
(A2) Y(a,my,my) L M, (e;)

(43) Y(a,my,my) L My(ey,my)
(A5) My(ez,my) L {A My}

e (A5.1) My(e;,my) LA

e (A5.2) My(ey,m7) L M,|A
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PIEeffethO

Definition

E{[Y(1,0,1) — Y(1,0,0) — Y(0,0,1) + ¥(0,0,0)][M,(0,1) — M,(0,0)][M; — M,(0)] * A}
= E [v(4,0,M,(0,M,)) = ¥ (4,0,M;(0, M, (0)) )]

— E[v(0,0,M,(0,M,)) = ¥ (0,0, M,(0, M,(0)) ]
= [$12(4,0,0,M;) — 15(4,0,0,0)] — [11(0,0,0, M;) — ¢5(0,0,0,0)]

Identification

¢s = E [v (a',mi, My(e3, My(e) )|

= Eml,sz[y|A =a',M; = my, My = my]P(My = my|A = e, My = my)P(M; = my|A = ;)

P11 = E[Y(a’, m'l,Mz(eé,Ml))]

= Eml,sz[y|A =a',M; = my, My = my]P(M, = my|A = e, M; = my)P(M; = my)

P12 = E[Y(A, m'l,Mz(eé,Ml))]

= Zgm,m,E[Y|A = a,M; = mj,M, = my]P(M, = my|A = e;, M; = m;)P(M; = my|A = a)P(A = a)
P15 =E [y (A: m;.'MZ(eé'Ml(e:{)))]

= Ea,ml,sz[YlA =a,M; = mj, M, = m,]P(M, = my|A = e5, My = m)P(My = m|A = e;)P(A = a)

Required Assumptions DAG

(Al) Y(a' my, mZ) 1 {A ) Mll MZ}
° (A1.1) Y(a,my,m,) L A
° (A1.2) Y(a,my,m,) L M;|A

o  (A13)Y(a,my,my) L My|A,M, A— M;— M,— AM,—> Y

(AZ) Y(a' my, mZ) 1 Ml(el) v

(43) Y(a,my, m,) L M,(e;,my)
(A4) M (e;) LA

(A5) M;(ez, my) L {A, My}

. (A5.1) M,(e,,m;) LA

. (A5.2) M,(e,,my) L M;|A
(A6) M, (ez,my) L My(e)
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Definition

E{[Y(1,1,1) — Y(1,1,0) — Y(1,0,1) + ¥(1,0,0) — Y(0,1,1) + Y (0,1,0) + ¥ (0,0,1) — Y (0,0,0)][ M,
— M, (0)]M,(0,0) * A}

= E[Y (A, My, M,(0,0)) — Y (A, My, M,(0,0))] — E[Y(0, My, M,(0,0)) — Y (0, M;(0), M,(0,0))]
— E[Y(4,M;,0) — Y(0,M,,0)] + E[Y (A, M;(0),0) — Y (0, M,(0),0)]

= [¢,2(A4, M;,0,0) — ¢,5(4,0,0,0)] — [¢p,1(0, M;, 0,0) — ¢5(0,0,0,0)]
— [¢18(A4, My, 0) — ¢19(0, M3, 0)] + [¢20(4,0,0) — ¢,(0,0,0)]

Identification

¢4 = E[Y(a’, My(e1), m3)] = ZmlE[YIA = a',M; = my, My = m3]P(M; = my|A = e;)
= E[Y(a M, (e), Mz(ezfmﬂ)]
= Zm,m,E[YIA = a', My = my, My = mp]P(My = my|A = e3, My = my)P(M; = my|A = e;)
b1 = E[Y (A, My, m3)]
=Xom E[Y|A =a,M; = my,M, = m3]P(M; = my|A=a)P(A=a)
$10 = E[Y(a', My, m3)]
=Xm E[Y|A=a',M; = my,M, = my]P(M; = m;)
$20 = E[Y (A, My (e1), m3)]
=Xom, E[Y|A = a,My = my, My = m3]P(M; = m;|A = e;)P(A = a)
¢ = E[Y(a’ MpMz(eé'mi))]
=Zm,mE [YIA=a',M; = my, M, = my]P(M, = my|A = e3, My = mj)P(M; = m,)
P2 = E[Y(A; Ml,Mz(eé,m;))]
= Zam,m, E[Y|A = a, My = mq, My = my]P(My = my|A = ey, My = m))P(My = my|A =a)P(A =a)
25 = E[Y (4, My (e]), Mz (e, m1))]
= Zam,m,E[YIA = a, My = my, My =m,;]P(My = my|A = e;; My = my)P(My = my|A = e;)P(A=a)

Required Assumptions DAG
(A1) Y(a,mqy,my) L {A, M, My}
e (AL1)Y(a,my,m,) LA / M1
° (A1.2) Y(a,my,m;) L M,]A
o (4A13)Y(a,m;,m,) L My|A,M, A — AM1M2 —_— Y
(A2) Y(a,my,my) L M,(e;) 4
(A3) Y(a,my, my) L M,(e,,my)
(A4) My(e;) L A M 2
(A5) M,(e,,my) L {A, M}
° (A5.1) M,(e;,m;) LA
° (A5.2) M,(e;,my) L M, |A
(A6) M, (e;,my) L M;(e;)
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Definition

E{[Y(1,1,1) — Y(1,1,0) — Y(1,0,1) + Y(1,0,0) — ¥ (0,1,1) + ¥(0,1,0) + ¥ (0,0,1) — ¥(0,0,0)][M; — M (0)][M;(0,1) — M;(0,0)] A}
= {E[v(4, My, M,(0,M,)) = ¥ (4, M,(0), My(0, M,(0)) )| - E[¥ (4, My, M;(0,0)) — ¥ (4, M, (0), M, (0,0))]
— E[v(4,0,M,(0,M)) - ¥ (4,0,M,(0, M,(0)))]}
—{E[r(0, My, M;(0,M,)) - ¥ (0, M, (0), M, (0, M, (0)) )] = E[¥ (0, My, M;(0,0)) — ¥ (0, M (0), M,(0,0))]
- E[r(0,0,M,0,M,)) — v (0,0, M, (0, M,(0))) ]}
= {[¢25(4, M1, 0, M) — ¢31(4,0,0,0)] — [¢h22(4, My, 0,0) — ¢25(4,0,0,0)] — [$12(4, 0,0, M) — ¢15(4,0,0,0)]}

— {[¢29(0, M1,0,M1) — $6(0,0,0,0)] — [¢21(0, My, 0,0) — ¢5(0,0,0,0)] — [¢611(0,0,0, M1) — $3(0,0,0,0)]}

Identification

b3 = E [V (a,mi, My(e5, My(e]) )] = Zun,m, ELY1A = @', My = mi, My = m,]P(M, = my |4 = e, My = my)P(My = my|A = e])

¢s = E[Y(a M1(91) Mz(ez ml))] = Zmlsz[YlA =a' M, =my,M, = mz]P(Mz =my|A = ez M, = ml)P(Ml my|A = 91)

b6 = E ¥ (@', My(e), My(eg My (eD))] = Emymy EIYIA = @, My = my, My = my]P(My = myld = e, My = my)P(My = my|A = ef)
b1 = E[Y(a my, My (e, M1))] = Zamum,E[YIA = @', My = my, My = m,]P (M, = my|A = e, My = my)P(M; = my|A =a)P(A =a)
P12 = E[Y(A m1 Mz(ez M1))] = Zamlsz[ylA =aM; = m1 M, = m,|P(M, = my|A = ez M; = my)P(M; = my|A = a)P(A = a)

15 = E ¥ (4,m1, My(e5, My eD))] = Zam,m,EIVIA = a,M; = mi, My = m,|P(My = my|A = 5, My = my)P(M, = my|4 = e))P(4 = a)
$21 = E[Y(a', My, My(e5,m1))] = Sam,mpEY|A = a’, My =my, My = m,]P(My = my|A = €5, M; = m{)P(M, = my|A = a)P(A = a)
B2z = E[Y (A My, My(e3,m1))] = Zqum, m, E[YIA = a,M; = my, My = my]P(My = m,|A = e, My = m)P(My =my|A = )P(A = a)
25 = E[Y(A My (e), My (e, m1))] = Zam,m,E[Y A = a,My = my, My = m,]P(M, = m,|A = ej, My = m))P(My = my|A =e)P(A=a)
$28 = E[Y (A, My, My (e, M)))] = Zgm, m, E[Y|A = a,My = my, M, = m,]P(M, = m,|A = ej, M; = m;)P(M; = my|A=a)P(A = a)
$20 = E[Y(a', My, My(e5,M1))] = Zam, m, E[YIA = @', My = my, My = m3]P(My = m,|A = €5, My = m)P(My = my|A = a)P(A = a)

1= E [Y (A,M1(el’),M2(ez’,M1(el’)))] = SumumEIYIA = a, My = my, My = my]P(M, = my|A = e, M, = m,)P(My = m, |A = e))P(A = @)

Required Assumptions DAG

(A1) Y(a,my,m,) L {A,M;,M,}
° (A1.1) Y(a,m;,my) L A

° (A1.2) Y(a,m;,m,) L M;|A M — M.E
L4 (A13) Y(a! my, mZ) 1 MZIAI Ml

(42) Y(a,my,my) L M;(ey) I \ l’

(A3) Y(a,my,my) L My(ey,my)
(A4) My(e;) L A A— AMlME—r Y

(A5) M,(e,,my) L {A, M}

° (A5.1) M,(e;,m;) LA

° (A5.2) My(e,,my) L M, |A
(A6) M, (e;,my) L M;(e;)
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PIEeffethS

Definition

E{[Y(1,0,1) — ¥(1,0,0) — ¥(0,0,1) + ¥ (0,0,0)][M, — M, (0)][M,(1,1) — M,(1,0) — M, (0,1) + M,(0,0)] = A}
=E [Y(A, 0, My(A, M) — ¥ (A, 0,M,(A, M, (0)))] .y [Y(A, 0,M,(0,M,)) — ¥ (A, 0, M,(0, M, (0)))]

-E [y(o,o, M, (A, M) — Y (0,0, M, (4, M1(O)))] +E [Y(o,o, M,(0,M,)) — Y (0,0, M, (0, Ml(O)))]
= [$14(4,0,4, M) — ¢17,(A4,0,4,0)] — [$12(4,0,0, M1) — ¢15(4,0,0,0)] — [¢p13(0,0,4, M) — ¢15(0,0,4,0)]

+ [¢11(0,0,0, Ml) - 4)3 (0,0,0,0)]

Identification

¢s = E ¥ (a',mi, My (€5, My (D))] = Znym, ELV1A = @', My = mi, My = mg]P(M; = my)A = €3, M, = my)P(M;
=my|A =e;)

b1y = E[Y(a',m}, My(ep, M,))]

=Zm,mEY|A=a',M; =mi, M, = m,]P(M, = m,|A = e}, My = m)P(M; = m,)

¢12 = E[Y(4,m;, My (e, My))]

= Zamym EIYIA = a,My = m}, My = m,|P(My = m,|A = €}, My = m,)P(M; =m,|A = a)P(4 = a)

$13 = E[Y(a’,m}, My (4, M,))]

= Zom,mE[YIA = a', My = mj, M, = my]P(M, = m,|A = a,My = m;)P(M; = m;|A = a)P(A = a)

b1s = E[Y(4,m}, My(4, My)]

= Zamym, EIY1A = @, My = mi, My = m,]P(M, = my|A = a,M; = m;)P(M, = my|A = a)P(A = a)

15 = E ¥ (4, mi, My (e, My (eD))]

= Zam,m, ELY 1A = @, My =m3, My = my]P(My = my|A = e}, My = my)P(My =m,|A = e))P(A = a)

16 = E ¥ (@', ms, My(4, My (eD) )|

= Zamym, E[Y1A = @', My = m3, My = m,]P(M, = my|A = a, My =my)P(My = m, |4 = e)P(A = a)

17 = E ¥ (4, mi, My(4,My(eD))]

=Zem,m,E[Y|A=0a M = my, My = my]P(M, = my|A = a, My = m)P(M; = m|A =e)P(A=a)

Required Assumptions DAG

(Al) Y(a’mlﬂmZ) 1 {A JMll MZ}

M
° (A1.1) Y(a,m;,my) L A / lvl

o (41.2)Y(a,my,m;) L M|A A — AM;—™ M,— AM; = Y
o  (A13)Y(a,my,my) L My|A,M, S~

(42) Y(a,my,m;,) L M,(e,)
(43) Y(a,my, m,) L M,(e,, m;)
(A4) M (e;) L A

(A45) M,(e,,my) L {A, M}

) (45.1) M,(e,,m;) LA

) (A5.2) M,(e,,my) L M, |A
(46) M,(e;,my) L M;(ey)
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PIEeffect24-

Definition

E{[Y(1,0,1) — Y(1,0,0) — Y(0,0,1) + ¥(0,0,0)]M, (0)[M5(1,1) — M;(1,0) — M5(0,1) + M;(0,0)] A}

= E[v (4,0,M,(4,M,(0))) — v (4,0,M,(0,M,(0)) )] - E[Y(4,0,M,(4,0)) — Y(4,0,M,(0,0))]
—E [Y (0,0, M,(4,M,(0))) - ¥ (0,0, M5 (0, M1(0)))]
+ E[Y(0,0,M(4,0)) — Y(0,0,M,(0,0))]

= [$17(4,0,4,0) — ¢15(4,0,0,0)] — [h10(4, 0,4,0) — b5 (4, 0,0,0)] — [15(0,0,4,0) — ¢5(0,0,0,0)]
+ [$5(0,0,4,0) — ¢,(0,0,0,0)]

Identification

¢, = E[Y(a’,my, My(ep,mD))] = 2, E[YIA = ', My = mj, My = m,]P(My = m,|A = e, My = m})
¢s=E [Y (a',m'l,Mz(eé.Mﬂe{)))]

= Ty, m EIYIA = a', My = m3, My = m]P(M; = m5|A = e}, My = m)P(My = my|A = e])

B = E[Y(4,m}, My(es,m))]

=Lom,EYIA = a,My = mj, M, = my]P(My = my|A = ), M; = m})P(A = a)

¢o = E[Y(a’,m}, My(4,m)))]

=Zam,EIY|A = a',My = mj, My = mp]P(My = mp|A = a,M; = m)P(A = a)

P10 = E[Y(4,m}, My(4,m)))]

=Zom,EIY|A = a,M; = m}; M, = my]P(My = my|A = a, My = m})P(4 = a)

15 = E ¥ (4,m1, My(e3, My (D))

= Sam,m EYIA = @, My = mi, My = m]P(My = ma|A = e, My = my)P(My = my|A = e))P(A = a)
$16=E [Y (a’,m’l,Mz(A, Ml(ei’)))]

= Zomum,E[Y |4 = a', My = m}, My = m,]P(M; = m,|A = a,M; = my)P(My =m;|A = e])P(A = a)
b7 =E [Y (A’mll’ M, (A’ Ml(e{)))]

= Zom,m,E[Y|A = a,M; = mj, My = mp]P(M, = m,|A = a, My = m)P(M, =my|A = e))P(A = a)

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, M5}
° (A1.1) Y(a,m;,m;) L A

M,
o (A1.2)Y(a,my,m;) L My|A |
e (4A13)Y(a,my,my) L M,|A, M, A — AM; — My — M Mp,— Y

(A2) Y(a,my,m,) L M;(e;) \_/

(43) Y(a,my, m,) L M,(e,, m;)
(A4) My(e,) L A

(A45) M,(e,,my) L {A, M}

° (A5.1) M,(e;,m;) LA

° (A5.2) M,(e;,my) L M, |A
(46) M,(e;,my) L M;(ey)
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Definition

E{[Y(1,1,1) — Y(1,1,0) — Y(1,0,1) + ¥(1,0,0) — Y (0,1,1) + ¥(0,1,0) + ¥(0,0,1) — ¥(0,0,0)][M; — M, (0)][M,(1,0)

— M,(0,0)] * A}
= E[Y(4, My, M,(4,0)) — Y(A,M;(0),M,(4,0))] — E[Y (4, My, M,(0,0)) — Y (4, M,(0), M,(0,0))]

— E[Y(0, My, M,(4,0)) — Y (0,M,(0), M,(4,0))] + E[Y (0, M;, M,(0,0)) — Y (0, M, (0), M,(0,0))]
= [24(A, My, 4,0) — 5, (4,0,4,0)] — [;2 (4, M;,0,0) — ¢5(4,0,0,0)] — [h,3(0, My, 4,0) — ¢,6(0,0, 4,0)]

+ [¢21(O, Mlﬁ 0,0) - ¢5(O,0,0,0)]

Identification

¢s = E[Y(a’, My (e}), My(es,m1))] = S m,E[VIA = @', My = my, My = my]P(M, = m,|A = 5, My = m)P(M; = my|A = e;)

$21 = E[Y(a', My, My(e5,mD))] = Sam,m,EYIA = a’, My = my, My = m,]P(M, = my|A = e, M; = m{)P(M; = my|A = a)P(A = a)
b2 = E[Y(A M, Mz(ez m1))] = Zamlmz [YIA = a,M; = my,M, = my|P(M, = my|A = ez M, = ml)P(Ml my|A = a)P(A = a)

$23 = E[Y(a', My, My(A,m)))] = Zgm, m,E[YIA = a',My = my, M, = my]P(M, = my|A = a,M; = m})P(M; = my|A = a)P(A = a)
$24 = E[Y (A My, My(A,mD)] = Somym, E[Y|A = a, My = my, My = my]P(M, = mp|A = a,M; = mi)P(M; = my|A = a)P(A = a)
b5 = E[Y (A My (e1), My(e5, m))] = Zqm, m,EIVIA = a, My = my, My = m;]P(M, = mp|A = e;, M; = m)P(M; = my]|A = e))P(A = a)
$26 = E[Y(a', My (e1), My(A,mD)] = Sam,m,E[Y|A = a',M; = my, My = m,]P(My =m,]|A = a,M; = m{)P(M; =my|A = e))P(A = a)

bo7 = E[Y(A M1(91) M, (4, m1))] = Zamlsz[YlA =a,M; = my,M, = my]P(My = my|A = a,M; = '1)P(M1 =mylA = e{)P(A =a)

Required Assumptions DAG

(A1) Y(a,my,my) L{A, M, M5}
e (A1) Y(am;m;,) LA
e (A12)Y(a,my,m,) L M,|A

e (413)Y(a,my,my) L M,|A, M, v
(42) Y (a,my,my) L My(ey) A —> AM{M, — Y

(43) Y(a,my, m,) L M,(e,, m;)
(A4) My(e,) L A

(A5) M,(e;,my) L {A, M} Mz
° (A5.1) M,(e,,m;) LA

° (A5.2) M,(e;,my) L M, |A
(46) M,(e;,my) L M;(ey)
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PIEeffect26

Definition

E{[Y(1,1,1) = Y(1,1,0) = Y(1,0,1) + Y(1,0,0) = ¥(0,1,1) + ¥(0,1,0) + ¥ (0,0,1) — Y (0,0,0)1[M, — M, (0)][M,(1,1) — M,(1,0) — M,(1,0) + M,(0,0)] = A}
= {E[y —¥(4, My, My(0,M))] — E[Y (4, M, My(4,0)) — ¥ (4, M,, M,(0,0))] - E [Y (A, M,(0), MZ(/I,M,(O))) -y (A, M,(0), M, (0, M, (0)))] + E[v(4,M,(0),M,(4,0)) — (4, M,(0), M,(0,0))] — E [V(A, 0,M,(4, M) - Y (/1,0, my(a, M,(n)))]
+E [Y(A, 0,M,(0,M,)) - ¥ (A, D,MZ(O,M,(O)))”
- {E[Y(D,Mi,MZ(A,M‘)) —v(0,M,,M,(0,M,))] - E[Y(0,M,, M,(4,0)) — ¥(0,M,, M,(0,0))] — E [Y (u, M,(0), M,(4, M‘(O))) -y (a, M, (0), M, (0, M, (a)))] +E[v(0,M,(0), My(4,0)) — Y(0, M, (0), M,(0,0))]
-E [v(n,o,MZ am)-v (u,u,lwZ (a M‘(D)))] +E [Y(0,0, M,(0,M,)) - Y (u,u, MZ(O,M,(O))>]}
={[EIY] = h25(A, M, 0, M})] = [h4(4, M;, A,0) = h,,(4, M;,0,0)] = [h35(4,0,4,0) = hs3(4,0,0,0)] + [,,(4, 0, 4,0) = b5 (4,0,0,0)] = [,,(A,0,4, M) = 1,(4,0,4,0)] + [$1,(A, 0,0, M,) = $,5(4,0,0,0)]}

~{l30(0, My, A, My) = 50, M, 0, My)] = [$22(0, My, 4,0) = b2,(0, My, 0,0)] = [652(0,0, 4, 0) — 6(0,0,0,0)] + [$26(0,0,4,0) = $5(0,0,0,0)] = [$15(0,0, 4, M) = $15(0,0, 4, 0)] + [$,,(0,0,0, M,) — 5(0,0,0,0)1}

Identification

¢, =E [y (a',m;,Mz(e;,Ml(e;)))] =S mEYIA = a', M, = mj, My = m)]P(M, = m,|A = e}, M; = m)P(M, = my|A = ej)

¢s = E[Y(a', M, (e1), My(e5,m)))] = Ty m, E[YIA = @', My = my, My = m,]P(My = m,|A = e}, My = m))P(M, = my|A = e})

¢ =E [y (a',Ml(e;),Mz(e;,Ml(e;)))] =T, m, E[YIA = @', My = m;, My, = m)]P(M, = my|A = e}, M; = m,)P(M, = m;|A = e})

¢ = E[Y(a’,m;,Mz(eé,Ml))] =Zamm EIYIA = a',M; = my, M, = m,]P(M, = my|A = e;,M; = m)P(M; = my|A = a)P(A=a)
¢z = E[Y(a’,m;,Mz(A,Ml))] = Zom,mEIY|A = a', My = mj, M, = m,]P(M; = m,|A = a, M, = m)P(M, = m;|A = a)P(A = a)

$14 = E[Y(A4,m}, My(A,M)))] = Zgm, m,E[Y A = a,M; = m}, M, = m,)P(M, = my|A = a, M, =m,)P(M, = m,|A = a)P(A = a)

¢1s =E [Y (A, m;,Mz(eé,Ml(e{)))] = Za,m,,m,E[YM =a,M, = my, M, = my]P(M, = m,|A = e}, M; = m)P(M, = my|A = e])P(A = a)
¢, =E [y (A, m;,Mz(A,Ml(e;)))] = Zomum EIYIA = a,M; = mj, My = m,]P(M, = m, |4 = a,M; = m)P(M, =m,|A = e})P(A = a)
$21 = E[Y(a', My, My(e5,m)))] = Zgmym, EIV 14 = @', My = my, My = my]P(M, = m,|A = e5,M, = m{)P(M, = my|A = a)P(A = a)
$25 = E[Y (', My, My(A,m))] = ZmmyE[VIA = @', My = my, M, = my)P(M, = m,|A = a, M, = m)P(M, =m,|A = a)P(A = a)

$26 = E[Y(a', My (1), My(A,m))] = Zqmymy ELY1A = @', My = my, My = m;]P(My =m,|A = a,M, = m)P(M, = m,|A = e))P(A=a)
$20 = E[Y(a’, My, My(es, M))| = S m, m,E[YIA = @', M; = m;, My = m,|P(M, = m,|A = e}, My = m,)P(M, =m,|A =a)P(A =a)
B30 = E[Y(a', My, My(A,M,))] = S o m, E[YIA = @', My = my, My = m,]P(My = m,|A = @, M; = m,)P(M, = m;|A = a)P(A = a)

a2 = B [¥ (2, My (e]), My(A, My (eD))] = Samym, EYIA = @', My = my, My = m,|P(M, = mld = a, My = my)P(M, = my]A = e))P(4 = )

Required Assumptions DAG

(A1) Y(a,m;,my) L {A,M;,M,}
o (AL Y(am,m,) LA
o (A12)Y(a,my,m,) L M,|A M= AMy — M,
o (413)Y(a,my,m,) L MylA M, l

(42) Y(a,my,my) L My(ey) A — AM{M, — Y
(43) Y(a,my,my) L My (e5m})
(A4) My(e,) LA

(A5) My(e;,my) L {A, My}

o (451) My(e,my) LA

o (452) My(epm)) L My|A

(46) My (e,,my) L My(ey)
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PIEeffect27

Definition

E([Y(1,1,1) — Y(1,1,0) — Y(1,0,1) + Y(1,0,0) — Y(0,1,1) + Y(0,1,0) + ¥ (0,0,1) — ¥(0,0,0)M, (0)[M,(1,1) — M,(1,0) — M,(0,1) + M,(0,0)] = A}
={E ¥ (4,M,(0),M,(4,1,(0))) - ¥ (A, M,(0), M,(0,M,(0)))] - E[¥ (4, M,(0), M;(4,0)) — ¥ (4, M, (0), M;(0,0))]
—E[v (4,0,M,(4,M,())) - ¥ (4,0,M,(0,4,(0)))] + E[¥(4,0,M,(4,0)) — ¥(4,0,M,(0,0)]}
—{E[¥ (0.M,0), M, (4, M,(0))) - ¥ (0, M,(0), M, (0, M,(0))) ] — E[¥ (0, M, (0), M;(4, 0)) — ¥ (0,M,(0), M,(0,0))]
—E[v (0,0,M,(4,1,(0))) - ¥ (0,0, M,(0, M, (0)))] + E[¥(0,0, (4, 0)) — ¥ (0,0, M,(0,0))]}
= {[¢33(4,0,4,0) — ¢3,(4,0,0,0)] = [¢p,7(4,0,4,0) — ¢,5(4,0,0,0)] — [$17(4,0,4,0) — ¢p15(4,0,0,0)] + [10(4, 0,4,0) — ¢5(4,0,0,0)]}

—{[#32(0,0,4,0) — $4(0,0,0,0)] = [¢h26 (0,0, 4,0) — ¢5(0,0,0,0)] — [¢:6(0,0, 4, 0) — $3(0,0,0,0)] + [¢5(0,0,4,0) — ¢,(0,0,0,0)]}

Identification

¢, = E[Y(a',m}, My(e,m)))| = L, E[Y]A = @', My = mj, My, = m,]P(M, = m,|A = e}, M; = m})

¢, =E [y (a',m;,Mz(eg,Ml(e;)))] =S mEYIA = a', M, = mj, My = m)]P(M, = my|A = e}, M; = m)P(M, = my|A = ej)
¢s = E[Y(a',My(e)), My(e5,m))| = Zpuy m, EIY 1A = @', My = my, My = m,]P(M, = my|A = e3,M; = m))P(M; = my|A = e})
¢s=E [y (a',Ml(e;),Mz(e;,Ml(e;)))] =T, m, E[Y[A = @', My = m;, M, = m)]P(M, = my|A = e}, My = m,)P(M; = m;|A = e})
$s = E[Y(A,m), My(e},m))] = Zgm,EIY|A = a, My = m}, M, = m,]P(M, = my|A = e5,M; = m{)P(A = a)

$10 = E[Y(4,m}, My(A4,m))] =S4 m, E[Y|A = a, M, =}, M, = m;]P(M, = my|A = a, M, = m))P(A = a)

¢s =E [Y (A, m;,Mz(eé,Ml(e{)))] =Zom,m, EIYIA = a,M; =mj, M, = m,]P(M, = m,|A = e3, My = m)P(M; = m;|A=e)P(A=a)
¢ =E [Y (a’,m;,Mz(A, Ml(e{)))] = Za,ml,sz[ylA =a',M; =m{, M, = my]P(M, = my|A = a,M; = m))P(M; = my|A = e))P(A = a)
¢, =E [y (A, m;,Mz(A,Ml(e;)))] = Zomum EIVIA = a,M; = mi, M, = m,]P(My = m,|A = a,M; = m,)P(My = m;|A = e])P(A = a)
$as = E[Y(A, Ml(e{),Mz(eg,m;))] = Za,m,,m,E[YM =a,M, = m;, M, = m,|P(M, = m,|A = e}, M, = m))P(M,; = my|A = e])P(A = a)
$26 = E[Y(a', My (1), My (A,m)))] = Zgmym, EIYIA = @', My = my, My = m,]P(M, = m,|A = a,M; = m)P(M; = m,|A = e))P(A = a)
$27 = E[Y (A, M, (e}), My(4,m))] = Zgmy m, EIY A = @, M; =my, M, = m,]P(M, = my|A = a, My = m)P(M; = m,|A = e))P(A = a)

a2 = B[ (2, My (e]), My(4, My (eD))] = Bamym, EYIA = ', My = my, My = my]P(My = mylA = 0, My = my)P(M, = my]A = e))P(4 = )

baa = B [¥ (4, My(eD), My(A, My(€D) )] = Zapmy g EIV 1A = @, My = 1y, My = m,]P(M, = m,]4 = 0, My = my)P(My = my |4 = e))P(A = a)

Required Assumptions DAG

(A1) Y(a,my,my) L {A, My, M5}
° (A1.1)Y(a,my;,m,) L A

° (A1.2) Y(a,my,m,) L M,]A
) (A1.3) Y(a,my,m,) L M,|A, M, 1

(A2) Y(a,my, m;y) L My(e) A — AM{M, — Y
(43) Y(a,my,my) L M,(e;, my)
(A4) M (e;) LA

(A5) M,(e;,my) L {A, M}

) (A5.1) M,(e,,m;) LA

) (A5.2) M,(e;,my) L M;|A
(46) M,(e;,my) L M;(ey)

Ml_’ AMl — Mz
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PIEeffethB

Definition

E{[Y(1,1,1) - Y(1,1,0) — Y(1,0,1) + Y(1,0,0) — Y(0,1,1) + Y(0,1,0) + Y(0,0,1)
— Y(0,0,0)]M,(0)[M; (A4, 0) — M,(0,0)] = A}
= E[v(4,m,(0), M,(4,0)) - v(0,m,(0), M,(4,0))] - E[v(4,0,M,(4,0)) - ¥(4,0,m,(0,0))]
—E[Y(A4, M;(0),M,(0,0)) — Y (0, M,(0), M,(0,0))] + E[¥ (0,0, M,(4,0)) — ¥ (0,0, M,(0,0))]
= [¢27(A4,0,4,0) — ¢26(0,0,4,0)] — [¢10(4,0,4,0) — ¢5(4,0,0,0)]
— [¢25(4,0,0,0) — ¢5(0,0,0,0)] + [¢9(0,0,4,0) — $,(0,0,0,0)]

Identification

¢, = E[Y(a',m}, My(ej,m)))]| = L,,,E[Y|A = a',M; = mj, M, = m,]P(M, = m,|A = e}, M; = m})

®s = E[Y(a', My (e}), My(e,m}))] = Sy, E[YIA = @', My = my, My = m,]P(M, = m,|A = €3, My = m)P(M; = my|A = e])

¢s = E[Y(A,m), My(e,m))] = 20 m, EIY|A = a,M; = m}, M, = m,)P(M, = m,|A = e}, M; = m})P(A = a)

$o = E[Y(a’,my, My(A,m)]| = Zom,E[Y1A = @', My = m}, M, = m,]P(M, = m,|A = a, My = m})P(A = a)

$10 = E[Y(4,m}, My(A,m))] = 2y m, E[VIA = a, My = mi, My = m,]P(M, = my|A = a,M; = m)P(A = a)

Pos = E[Y(A,Ml(el’),Mz(eé,mi))] = Zomm EIY|A = a,M; = m;, M, = my]P(M, = m,|A = ej, My = m{)P(M; = m;|A = e))P(A = a)
Do = E[Y(a’,Ml(e{),Mz(A,mi))] =ZommElYIA = a',M; = m;, M, = m,]P(M; = m,|A = a,M; = m))P(M; = my|A = e))P(A = a)

b27 = E[Y (A4, My (), My (4,mD)] = Zqm,m, E[Y1A = @My =my, M, = mp]P(M, = my|A = @, My = mi)P(M; = m, |4 = e)P(A = @)

Required Assumptions DAG

(A1) Y(a,my,m;) L {A, My, My}
e (A11)Y(a,my,m,) LA

e (4A12)Y(a,my,m,) L M;|A
e (A13)Y(a,my,m,) L M,|A M,
(42) Y(a,my,m;) L My(eq)
(43) Y(a,my, m;) L M;(ez,m1)
(A4) M1(er) LA

(A5) My(ez,my) L {A M}

e (A5.1) M,(e,,m;) LA

o (A5.2) My(e,,my) L My|A
(A46) My (ez,my) L My (ey)
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PIEeffect29

Definition

E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + ¥(0,0,0)]M, (0)[M,(0,1) — M,(0,0)]}
—E [Y (0, M, (0), M,(0, Ml(O))) — (0, M, (0), M, (0,0))]

— E[v (0,0,M,(0, M,(0))) = ¥(0,0, M,(0,0))]
= [¢6(0,0,0,0) — ¢5(0,0,0,0)] — [¢5(0,0,0,0) — ¢,(0,0,0,0)]

Identification

¢, = E[Y(a',m}, My(es,m)))]

=Im,E[Y|A =a',My = my, My = my]P(M, = my|A = e3, My =my)

95 = E Y (o, mi, My (e}, M (e)) )|

= Eml,sz[YIA =a',M; = my, M, = my]P(M, = my|A = e;, My = m)P(M; = my|A = e3)

¢s = E[Y(a', My (e1), My(ez,m)))]

= Eml,sz[YIA =a',M; = my, My = my]P(M, = my|A = e;, My = m))P(M; = my|A = e;)

b = E[Y (@M. M, e1, 1, eD))]

= Eml,sz[YIA =a',M; =my, M, = my]P(My = m,|A = e3, My = m)P(M; = my|A = e;)

Required Assumptions

DAG

(Al) Y(a' my, mZ) 1 {A ’ Ml' MZ}
° (A1.1) Y(a,my,m,) L A
° (A1.2) Y(a,my,m,) L M4]|A

° (A1.3)Y(a,my,m,) L M,|A, M,

(A2) Y(a,my,m,) L M;(e,)
(43) Y(a,my, m,) L M,(e;, my)
(A4) M,(e;) L A

(A5) M;(ez, my) L {A, My}

° (A5.1) M,(e,,mi) LA

° (A5.2) M,(e,,my) L M;|A

(A6) M, (e;,mi) L My(e;)

e

Ml —— M1M2_> Y
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PIEeffect30

Definition

E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + Y (0,0,0)]M, (0)M,(0,0)}
= E[v(0, M,(0), M,(0,0)) — Y (0,0, M,(0,0))] — E[Y (0, M1(0),0) — Y(0,0,0)]
= [¢5(0,0,0,0) — ¢,(0,0,0,0)] — [¢4(0,0,0) — ¢,(0,0,0)]

Identification

¢1 = E[Y(a’,mi,m3)] = E[Y|A = a’,M; = mj, M, = m}]

¢, = E[Y(a', mi'Mz(eé'mi))]

=Im,E[Y|A =a',M; =mj, M, = my]P(M, = m,|A = ey, My = my)

¢4 = E[Y(a', My (e]), m3)]

=X, E[Y|A=a',M; =my, M, = my]P(M; = my]|A = e;)

¢s = E[Y(a',My(e1), My (e3,m}))]

=X E[Y|A = a', My = my, M = mp]P (M, = my|A = e;, My = my)P(M; = my|A = eg)

- “mqm;

Required Assumptions DAG

(Al) Y(a! ml! mZ) 1 {A ) le MZ}
° (A1) Y(a,my,my) L A
° (A1.2) Y(a,m,,m,) L M,|A

L4 (A13) Y(a’ mlrmz) 1 M2|Ar Ml

(42) Y(a,my,my) L M, (e;) M,
(43) Y(a,my, my) L M, (e, my) vlr
(44) M;(e;) LA ]\41 — Mle — Y

(A5) My(e;,mi) L {A, M}
° (A5.1) My(e,,my) LA

° (A5.2) M,(e,, m7) L M;|A

(A6) M, (e;,mi) L My(e;)
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PIEeffect31

Definition

E{[Y(0,0,l) - Y(0,0,0)]Ml(O)[Mz(O,l) - Mz(O,O)]}
—F [Y (0,0, M, (0, Ml(O))) ~v(0,0, MZ(O,O))]
= [¢3(0'0'0l0) - ¢2(010'010)]

Identification

¢, = E[Y(a', mi'Mz(eé'mi))]

=Im,E[Y|A =a',M; =mj, M, = my]P(M, = m,|A = ey, My = my)

¢s = E |¥ (a/,mi, My(e5, My (eD))]

= Zm,m, EIYIA = a',My = my, My = my]P(M; = my|A = €3, My = m)P(M; = my|A = e])

Required Assumptions DAG

(A1) Y(a,my,my) L {A, M, M,}
e (A1) Y(am;m,) LA
e (A1.2)Y(a,my,m,) L My|A

L4 (A13) Y(a’ mlﬂmZ) I M2|A, Ml

(A2) Y(a,my, my) L M;(eq)
(43) Y(a,my, my) L M,(e,, my) M1 —_— Mz E— Y
(A4) M (e;) L A

(A5) M,(e;, my) L {A, My}

° (A5.1) M,(e,,my) L A

i (A5.2) M, (ep,my) L Mq|A

(A6) M, (e;,mi) L My(eq)
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PIEeffect32

Definition
E{[Y(0,1,0) — Y(0,0,0)]M, (0)}
= E[Y(0, M,(0),0) — Y(0,0,0)]
= [¢4(0,0,0) — ¢,(0,0,0)]
Identification

¢1 = E[Y(alim;'mlz)] = E[YlA = aliMl = miﬂMZ = m,2]

¢4 = E[Y(a', My (e1),m3)]
= ZmlE[YlA = a’, M1 =m,y, MZ = mlz]P(Ml = m1|A = e{)

Required Assumptions DAG

(Al) Y(a! ml! mZ) 1 {A ) Ml: MZ}
° (A1) Y(a,my,my) L A
° (A1.2) Y(a,my,m,) L M,|A

e (A13)Y(a,my,my) L My|A, M, Ml Y

(AZ) Y(a! ml! mZ) 1 Ml(el)
(A4) My(e;) L A

PIEeffectSS
Definition
E{[Y(0,0,1) —Y(0,0,0)]M,(0,0)}
= E[¥(0,0,M,(0,0)) — ¥(0,0,0)]
= [¢2(0,0,0,0) — ¢1(0,0,0)]
Identification

¢, = E[Y(a',mi,my)] = E[Y|A = o', M; = m3, M; = mj]

¢, = E[Y(a’;mi;Mz(eé;mi))] = Zsz[YM =a',M; = my, M, = my]P(M, = my|A = e3, My = mj)

Required Assumptions DAG

(A1) Y(a,my,m,) L{A, M, M,}

° (A1 1) Y(a,my,m,) L A

° (A1.2) Y(a,my,m,) L M,|A

° (A1.3) Y(a,my,my) L M,|A, M,

M, — Y
(A3) Y(a,my,m;) L M,(e;,mi)

(A5) My(e;,my) L {A, M}
° (A5.1) M,(e,,my) L A

° (A5.2) M,(e;,my) L M;|A
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3.4

—

%

& A A

L =B PIE 52 x B AITfRE e R
3.1 &

1oy
(O’Connell etal.,2022) 14 2 A%

w & X (Sjolander, 2018) ~ (Fulcher et al.,2020)
% % (Duan,2024)#% 1 0 PIE ~ PAF ® B ind7f2
o TP A B R R R aPAF_g[If]
A E B4 2 PIE = 4
4 fi—r)jl;ﬁ,;\, kiR

R &

ZREATRZEEAITIEZ DM G 50 O Ak
B
(Sjolander,2018) #%

R EYPIE & &> ¢ #3+(Sjolander, 2018) #% ! e PAF
Ui (TR > 1) RO ) g oA Hi g o B Al

A2 |
NDAF (natural direct attributable fraction)

F”‘%;Jf—lf
4

E RS =
er7 NIAF(natural indirect attributable fraction) ¥
i E=ANAR ) yﬁé_ £ 3 &
NIIE(natural indirect intervention effect) - NDIE(natural direct intervention effect)
i
peth o g

s 11§ & PIE ® B e 2

LR

7 =
ek s f (O'Connell etal.,2022)3 d1e0 5 &£ ¢ 4 F]5F PAF 47§32 ¢ » 24 3
¥ 44| PS-PAF el 4 d s
fiw 4p @

’

Ifﬂ L

r

7| PS-PAF 1 & §_k-(Sjolander,2018)
B YA FS

2 F] %

4: P
BS T2 dp B 2 BT 70 AFF B AP ERT KB aEd 4 FS e

L A e g & b gk (Sjolander, 2018) ~ (Fulcher et al.,2020)
22 A7 % (Duan,2024)#% A endifEE c TRIA R FIRME T 7 N F]S & |l

¥ I,Z‘I’%BJJ 1—\. Fﬂmﬁq;_l f—y‘ff

RO s

AM, M, M,

2l
M,y
|

A—’ AM]_MZ Y

! /
M,
AM,

Bl 33 BT ¢ AF3¢ Aocpl 2T (e chF] % F)
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AM1M2 MlMZ
1 \

AM, AM,

W 34 5 R? AFFP A2 3 8% F) 5% F

KERDFIERGH? AP ugRi I Fe AFF 825 &Y 45+ 5
AW IR A T FESAFF A g0 AT Mdge ¥ A F]F MyhFl % 2 fg
Flpt o AT AFFPERT O BREAHR S RAGz L2 BEE
Mo g R NI BEEA L F R BM F YA F S R
PIE frect3s™ 47 f# B A2 7 g?ﬁl‘}}“ﬁi ARG kp P ATFF Myt BELEERE
Yemefl o ip- B %A 0 ARk 4 F3 B4ET 5 PIE 47252 $130 Fl R ok
RIS N e T A 31312 APREIRANIRET TG A 4TS Y RM,

B0 AFIE R Y EM, o My ¢4 TS 2 LA R e
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% 301 T 7P A FlF B AITEE R

g i7d 4

As M, Mediator

As M; &M, Mediator

PIE 3 3way (Sjolander) (Fulcher, et al) (Duan) (Sjolander) (Fulcher, et al.) (Duan)
PlEcffect1 PIECMD]-E PIEZ)l};WZ
My

PIEffect2 NDIEM: | PIDEM: PIEIN;M NDIEMMz | pIpEMiMa s
PIE,ffects PIEM: PIEyy, 2.
PIEcsfecs PIEj

PlE ffects

PlEcffects

PlEctfect; | NIIEMi | PIIEM: | PIELL O S
PIE,;focs | NDIEM: | PIDEM1 | PIEM:, HE
PlE;ffecto

PlEcffect10

PlEffece1n | NIIEMr | PIIEMr | PIEN. | NIHEMM2 | pIIEMiM2 | pIg}iM
PlEcffect12

PlEcffect13

PlE¢tpecers | NDIEM | PIIEM: | PIE;,. | NIIEMiM2 | PIIEMiMz | plENM2
PlEcffect1s

PlEqfrectis | NDIEM: | PIDEMy | PIERS, | NHEM: | PIIEMiM: | pE)Me
PlEgtrect17

Plleecto |y | PHE™ PlEivrgs NDIEMMz | plIEMiMz | pElN:
PIEeffectl‘) PIDEMl PIEgIDlE "
PlEcffecta0

PlEeffeczy | NDIEMt | PIIEM1 | PIEp. | NDIEMiMz | PIIEMiMz2 | PIESAM2
PlEgtrect2z

PIE frectas

PIE frectaa

PlEyffectzs | NDIEM1 | PITEM: PIE,Afvleed NDIEMiMz | p[[EMiM, PIE,“fvlT“f;ed
PIE frectae

PlEcffectar

PlEefreczs | NDIEMt | PIDEMt | PIEj | NDIEMiMz | PIIEMiM: | PIESE
PIEctfect29

PIE.tfectzo | NIIEMr | PIDEM: | PIEMN., | NIIEMiM2 | pIDEMiM2 | pppiile
PIEcffectsn

PlEegreccs | NIEM™ | PIDEM | piggg, | || PIE
PIEqffectss PIE( gy
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30302 [F R AT B AR AR

e I

As M, Mediator

As M, &M, Mediator

PIE 33way (Sjolander) (Fulcher, et al) (Duan) (Sjélander) (Fulcher, et al.) (Duan)
PIEeffectl PIEg)lE P]Eg)lglz
M
PIEeffeth PIEINlTref
PIE pIEM:
frect3
=== NDIEM: | PIDEM: Pf_| NpIEMiMz | pIDEMMz |
1M;
PIEeffect4 PIEINTref
M
PIEeffects PIEINlTref
PIEeffectB
PlEopece; | NIIEM: | PIIEM: | prg™
PlEecs | NDIEM: | PIDEM | PIEM™.
PIEeffect9
PlEopfoctio | NIIEMv | PIIEM: | prgMs
PIEeffectll
PlEcsgecti PIDEM: | PIEj: | NIEMiM2 PIENM2
PIEeffect13
PIIEM: | PIE;
PIEeffectM
PIEeffectlS
PIDEM: | PIE;
PIEeffecth
PIE
ffect17
- PIIEM: | PIEp PIIEM:™2
PIEeffectlS
M My
PIEeffect19 PIDE 1 PIECDE
PIEeffectzo IVDIEM1
PIEeffect21
PIEM:. | PIEp:
PIEeffectzz
PlE,sfectzs NDIEMM2 PIEj2
M
PIEeffect24 PIDEM1 PIEINl'pref
PIEeffethS
PIIEM | PIEp,
PIEeffethG
PIE,
effect27 PIEII‘fvlTrEf
PIEeffethS
PIEeffect29
PIE PIDEM:
ffect30
_—— NIIEM: PIEXL, | NIIEMiM2 .
PIEeffectSl PIDEMle PIECElMZ
PIEeffectSZ
PlEeffectss NDIEM1M2
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R SRS
6.1 83 B¢ 4 F]3 PIE #5242
E[Y —Y(0,0,0)]

=E [y - v (0,M,(0), M,(0,M;(0)) ) + ¥ (0, M, (0), M;(0,M,(0)) ) = Y(0,0,0)]

= E [y = v (0,M,(0), M5(0, M, (0)) ) + ¥ (0, M, (0), M;(0, M, (0)) ) — ¥(0,0,0)]

+E [Y (A, M, (0), M,(0, M, (0))) —-Y (A, M;(0), M, (0, Ml(O)))]

= E |v (4, M;(0), M;(0,M1(0)) - ¥ (0, M,(0), M,(0, M, (0))) |
+E v = v (4,M30), M5(0, M, (0)) ) + ¥ (0, M3 (0), M, (0, M1 (0)))
- Y(0,0,0)] + E[¥(0, My, My (0, My)) — ¥ (0, My, My(0, M,))]

+ £ |1 (0,My(0),M5(0,M1(0))) — ¥ (0, M, (0), Ma(0, M, (0)) )]

= E[v (4,M,(0),M5(0,M,(0))) - ¥ (0, M,(0), M, (0,M,(0)))]
+E (0, My, M0, 1)) ~ ¥ (0.M30) My (0, (0)))]
+E[Y —v (4,M,(0),M,(0,M,(0)) ) + Y (0, M, (0), M, (0, M, (0)))
~Y(00,0)| ~ E[r (0, My, M50, M))]
+ B [ (0,M,(0), My(0,M,(0)) )]

+E [ (0,M,(0)M3(4,M,0)) ) — ¥ (0, M, (0), My(4,,0)) )]

+E v (0,M,(0), My (0, M, (0))) = ¥ (0, M, (0), M, (0, M, (0)) )|
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—F [y (A, M, (0), M, (0, M, (0))) —-Y (0, M, (0), M, (0, Ml(O)))]

+E :y(o, My, My(0,My)) — Y (0, M1(0), M,(0, Ml(O)))]

+ E|v (0, M;(0), M, (4, M;(0)) ) — ¥ (0, My (0), M5 (0, M, (0)) )]

+E|v = v (4,M;0), M;(0, M, (0)) ) + ¥ (0,M(0), M, (0, M, (0)))
- Y(o,o,O)] — E[v(0, My, My(0,M,))]
+ E|v (0, M;(0), M(0,My(0) )| - E |v (0, M;.(0), M, (4, M,(0))) |

+ 5[ (01,00, 450,y 0)))]

+ E[Y (A;My, M, (0, M) =Y (4, M;, M, (0,M,))]
= £ [ (4, M,(0), M,(0, M, 0))) = ¥ (0, M;(0), 1, (0, M, (0)))]
+E :Y(O, My, M,(0,M;)) — Y (0, M, (0), M5(0, Ml(O)))]
+ E [y (0,1,00), M5 (4,14, (0)) ) = ¥ (0, M;.0), M, (0, 11, (0)) )]
+ E[Y(4, My, M50, M) — ¥ (4, M, (0), M, (0,4, (0)))]

— £ [¥(0, My, My(0,M,)) — ¥ (0,M,(0), M, (0, M,(0)))]

+E|Y = v(0,0,0) + Y (0,M,(0), My(0, M, (0)))
— v (0, M, (0), M, (4, M,(0)))|
+E v (0,M,(0), M5(0, M, (0))) = ¥ (4, My, M50, M)

+ E|v (4,M,(0), My(4,M1(0))) = ¥ (4, My (0), My (4, My(0)) )]

+E v (4,M1(0),My(0,M,(0)) ) — ¥ (4, M, (0), My (0, M, (0)) )|
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—F [y (A, M, (0), M, (0, M, (0))) —-Y (0, M, (0), M, (0, Ml(O)))]

+E

+E

+E

—-E

+E

—-E

+E

:Y(O, My, M,(0,M;)) — Y (0, M, (0), M, (0, Ml(o)))]
v (0,M,(0), M, (4, M;(0))) = v (0, M, (0), M (0, M, (0))) |
:Y(A, My, M,(0,My)) — Y (A, M, (0), M, (0, Ml(O)))]
:Y(O, My, M,(0,M;)) — Y (0, M, (0), M, (0, Ml(o)))]
v (4, M,0), M, (A, M,(0)) ) — ¥ (4, M,(0), My(0, M, (0))) |
v (0,M,(0), M, (4, M1 (0))) = ¥ (0, M, (0), M, (0, M, (0))) |

Y = ¥(0,0,0) + v (0, M50), M, (0, M, (0)) )

— Y4 My, M(0,M,))| — E [¥ (4, M, (0), M, (4, M,(0)) )]

+E [Y (A, M;(0), M, (0, Ml(o)))]

+ E[Y(O, Ml,Mz(A; Ml)) - Y(O: MlIMZ(A'Ml))]
+ E[Y(0, My, M;(0,My)) — Y(0, M, M, (0, M,))]

+ E [y (0,M,(0), My (4,M,(0)) ) = ¥ (0, My(0), M, (4, M, (0)) )|

+E [v (0, M,(0),M5(0,1,(0)) ) =¥ (0, M, (0), M, (0, M1 (0)) ) |

—E [Y (A, M, (0), M,(0, M, (o))) —y (0, M, (0), M,(0, Ml(O)))] (PSE,)

+E

+E

+E

v(0, My, M,(0,My)) — ¥ (0,M,(0), M;(0, M, (0)) )| (PSEY)

:Y (0, My(0), My (A, My(0))) — Y (0, M, (0), M, (0, Ml(O)))] (PSE,)

:Y(A, M, M, (0, My)) — Y (A; M, (0), M, (0, Ml(o)))]

— £ [¥(0, My, M5(0,M,)) — ¥ (0,M,(0), M, (0, M,(0)))]
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(INTpea(A — My))
+E Y (4, M1(0), My (4, My (0))) = ¥ (4, M1(0), My (0, M: (0)) )|
— £ |¥ (0,M,(0), My (4, M, (0))) = ¥ (0, M1 (0), M5(0, My (0)) )|

(INTpea(A — M)

+E[Y (0, My, My(4,My)) — Y (0, My, M,(0, M,))]

— E v (0, M;(0), M, (4, M;(0)) ) = ¥ (0, My (0), M5 (0, M,(0)) )]
(INTmed(Ml - MZ))
+{E[Y - v (4, My, My(0,My))]

_F [y (A, M;(0), My (A, Ml(O))) —Y (A, Ml(O),Mz(O,Ml(O)))]}

—{E[¥(0, My, My(A M) = ¥(0, My, My (0, M))]

— B (0,M5(0), My(4,M;(0))) — v (0, M,,(0), M;(0, M, (0))) ]}
(INTynea(A — My — My))

+E [Y (o, M, (0), M, (0, Ml(O))) L Y(0,0,0)] (CEM)
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PSE,

E ¥ (4 M:0), M5(0, M, (0))) = ¥ (0, M1 (0), M5 (0, My (0))) |

= E[Y(A' 0,0) - Y(0,0,0)] (PIEeffectl)
+E[Y(A, Ml (O), 0) - Y(O, Ml (O)r O)] - E[Y(Ar O!O) - Y(O'O'O)] (PIEeffeth)
+E[Y(4,0,M,(0,0)) — Y(0,0,M,(0,0))| — E[Y(4,0,0) — Y(0,0,0)](PIEcffeces)
+E[Y (4. M,(0), M,(0,0)) — Y (0, M,(0), M,(0,0))]

— E[Y(4,0,M,(0,0)) — Y(0,0,M,(0,0))]

+ E[Y(4,0,0) — Y(0,0,0)] (PIE¢frects)
+E | (4, M;(0), M, (0, M1(0))) — ¥ (0, M5.0), M (0, M, (0)) )|

— E[Y(4, M1(0), M5(0,0)) — Y (0, M;(0), M,(0,0))]

— E v (4,0,M,(0,M,(0)) = v (0,0,M,(0, M, (0))) |

+ E[Y(4,0,M5(0,0)) — Y(0,0, M,(0,0))|(PIE,f fects)

+E | (4,0,M(0,M5(0))) — ¥ (0,0, M, (0, M, (0)))]

— E[Y(4,0,M,(0,0)) — ¥(0,0,M,(0,0))|(PIE ¢ fects)
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PSE,
E [Y(o, My, My(0,M,)) — ¥ (o, M, (0), M,(0, Ml(O)))]
= E[Y(0,My,0) — Y (0,M,(0),0)] (PIEcffect7)

+E [Y(o, My, M,(0, M) — Y (0, M, (0), M, (0, Ml(O)))]
— E[Y(0, My, M5(0,0)) — Y(0, M;,(0), M,(0,0))]

— E|v(0,0,M,(0, My)) = ¥ (0,0, M;(0, M1 (0)) )| (PIEeeces)

+E [Y(0,0,M(0,My)) — Y (0,0, M (0, My(0)))] (PIEessecto)

+E[Y(0, M;, M,(0,0)) — Y(0, M,(0), M,(0,0))]
— E[Y(0,M;,0) =Y (0, M;(0),0)](PIEcsfecerr)

PSE,

E [¥ (0, M1(0), My (4, M; (0))) = ¥ (0, M1(0), M>(0, My (0)) )|

= E[r(0,0,M,(4,0)) = Y(0,0, M5 (0,0))|(PIEcssects)

+E[v (0,0, M5(4,M,(0))) — ¥ (0,0, M, (0, M, (0)))]

— E[Y(0,0,M,(4,0)) — Y (0,0, M,(0,0))](PIE,sfect12)

+E [v (0, My (0), M, (4, M,(0))) — ¥ (0, M1(0), My (0, M,(0)) )|
— E[Y(0,M,(0), M5(4,0)) — Y (0, M,(0), M;(0,0))]
—E [Y (0,0, M, (4, Ml(O))) —y (0,0, M, (0, Ml(O)))]
— E[Y(0,0,M,(4,0)) — Y (0,0, M5(0,0))] (PIEcfsece1s)
+E[Y (0, M,(0), M,(4,0)) — Y (0, M, (0), M;(0,0))]

—E[v(0,0,M,(4,0)) — Y(0,0,M,(0,0))] (PIEcffectrs)
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INT jeq(A — M4)
E v (4, My, M;(0,M,)) = ¥ (4, M3 (0), M, (0, M,(0)) )]
—E [Y(o, My, My(0,My)) — Y (0, M, (0), M, (0, Ml(o)))]
= E[Y(4,M,,0) = Y(0,My,0)] = E[Y (4, M,(0),0) = Y (0, M;(0), 0)] (PIEesseccs)
+E [¥(4,0,M(0,M,)) — Y (4,0,M,(0,M,(0)) )|
— Er(0,0,M,(0,My)) = ¥ (0,0, M, (0, M1 (0) )| (PIEepecezo)

+E[Y (4, My, M;(0,0)) — Y (4, M;(0), M,(0,0))]

— E[v(0, My, M5(0,0)) — Y (0, M;(0), M,(0,0))]

— E[Y(4,M,,0) —Y(0,M;,0)]

+ E[Y(4,M,(0),0) — Y(0,M,(0),0)J(PIE,ffect21)
+{E (4 My, M0, My)) = ¥ (A,,0), My (0,M,(0)) )]

— E[Y(4, My, M5(0,0)) — Y (4, M;(0), M5(0,0))]

—E [Y(A, 0, My(0,My)) = Y (A, 0, M (0, Ml(o)))]}

— (B [¥(0, My, M50, M,)) — ¥ (0, (0), My (0, M, (0)))]

— E[v(0, My, M,(0,0)) — Y(0,M;(0), M,(0,0))]

— E|r(0,0,M,(0,M;)) = ¥ (0,0, M, (0, My (0))) |} (PIEespecez)
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INTmed(A - MZ)
E| (4, M1(0), My (4, M1(0))) = ¥ (4 My (0), My (0, M, (0)))]
— £ |¥ (0,M1(0), (4, M,(0) ) = ¥ (0, M, (0), M5 (0, M, (0)) )|

= E[Y(A,0,M,(4,0)) — Y(4,0,M,(0,0))]
— E[Y(0,0,M,(4,0)) — Y (0,0, M5(0,0))|(PIE.sfect10)

+{E [ (4,0, M4, M,00)) - ¥ (4,0,M5(0, 4, 0)))]

— E[Y(4,0,M,(4,0)) — ¥(4,0,M,(0,0))]}

—{E [v (4, M,(0), My (4, M;(0))) — v (0,0, M,(0, M, (0)) )]
— E[Y(0,0,M,(4,0)) — ¥(0,0, M, (0,0))]} (PIEesfectzs)

+{E [v (4,M,0), M, (4, M;(0)) ) — ¥ (4, M, (0), M,(0, M (0)) )]

— E[Y (A, M;(0), M5(4,0)) — Y (4, M,(0), M,(0,0))]

— E|v(4,0,M,(4 M,(0))) — ¥ (4,0, M,(0, M;(0)) )|

+ E[Y(00,M,(4,0)) — ¥(0,0,M,(0,0)))]}

(B [¥ (0,1,(0), M,(4,4,(0)) ) - ¥ (0, M, 0), M,(0, M, (0)) )]

— E[Y(0,M,(0), M5(4,0)) — Y(0, M,(0), M;(0,0))]
—E [Y (0,0, M,(4,M,(0))) - ¥ (0,0, M, (0, M1(0)))]
+ E[Y(0,0,M5(4,0)) = Y (0,0, My (0,0))]} (PIEesfecear)

{E[Y (4, M1(0), M,(4,0)) — Y(0,M,(0), M;(4,0))]
— E[Y(A,0,M;(A,0)) — Y(4,0,M,(0,0))]}

—{E[Y (A, M,(0), M,(0,0)) — Y (0, M, (0), M,(0,0))]
— E[Y(0,0,M,(4,0)) — Y(0,0,M;(0,0))[}(PIE,ffectzs)
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INTmed(Ml - MZ)
E[Y(0, M, My(A,My)) — Y (0, My, My (0, My))]

— £ |¥ (0,M,(0), My (4, M, (0))) = ¥ (0, M1 (0), M5(0, M (0)) )|

= E[Y(0,0,M,(A4,M,)) — Y(0,0, M, (0, My))]

— £ v (0.0,M;(4 M,0))) — ¥ (0,0, M5(0, M,(0)) )| (PIEepecesa)
+E[Y(0, My, M,(4,0)) — Y(0, M,(0), M,(4,0))]

— E[Y(0, M3, M;(0,0)) — Y (0, M1 (0), M(0,0))|(PIE¢fect14)
+{E[Y (0, My, My (4, My)) — Y (0, My, M (0, My))]

— E[Y(0, M, M(4,0)) = Y (0, M(0), M>(4,0))]

— E[v(0,0,M5(A, My)) — Y (0,0, M, (0, My))]}
—{E[r (0.M(0), My (4, M,(0))) = ¥ (0, M(0), M, (0, M, (0)) )]

— E[Y(0, My, M;(0,0)) ~ ¥(0, M,(0), M,(0,0))]

— E|v (0,0,M5(4, M,(0))) = ¥ (0,0, M(0, M, (0))) |} (PIEeffecerr)
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INT,.q(A— M, — M,)
{E [Y — Y(A. My, M, (O, Ml))]

— E[v (4,M,(0), M;(4,M,(0))) — ¥ (4,M,(0), M;(0, M, (®)) ) |}

— {E[Y(o, My, My (A, My)) — Y (0, My, My (0, My))]

— E v (0, M,(0), M, (4, M;(0)) ) — ¥ (0, M1 (0), M5 (0, M (0))) ]}

_ {E [Y(A, 0,My(A,My)) =Y (A» 0, M,(4, Ml(o)))]

- 100 o) - (10 (0. 0)]

—{E [r(0,0,M;(4, M) = ¥ (0,0, M, (4,M,(0)) ]
— E[¥(0,0,M,(0,My)) = ¥ (0,0,M5(0, My (0))) |} (P1Eespeczs)

+{E[Y (A, M;, M,(A,0)) — Y (A, M,(0), M,(4,0))]
— E[Y (A, My, M5(0,0)) — Y(A, M, (0), M,(0,0))]}
—{E[Y(0, My, M;(4,0)) — Y(0, M, (0), M, (4, 0))]
— E[y(0, My, M,(0,0)) — Y(0, M1(0), M5(0,0))|}(PIE,f fectas)
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+{E[v (A My, My(4,My)) - Y (4, My, My(0,My))]
— E[Y(A, My, M5(4,0)) — Y(4, My, M,(0,0))]
— E|v (4,M,(0), M, (4, M,(0))) — ¥ (A4, M1(0), M(0, M, (0))) |
+ E[Y (4, M1(0), My(4,0)) — Y(A, M1(0), M5(0,0))]

—E[Y(4,0,M,(4,My)) — ¥ (4,0,M,(4, M, (0)) )]
+E [Y(A, 0,Mp(0,My)) —Y (A' 0, M(0, Ml(o)))]}

— {E[Y(o, My, My (A, My)) — Y (0, My, My (0, My))]

— E[y(0, My, M, (4,0)) — Y(0, M, M,(0,0))]

— E|v (0, M,(0), M;(4,M,(0)) ) — ¥ (0, M, (0), M5 (0, M,(0)) )]
+ E[Y(0, M1(0), M,(4,0)) — Y(0, M;(0), M,(0,0))]

_E [y(o,o, My(A, M) =Y (0,0, M, (A, Ml(O)))]

+ E|v(0,0,M(0,My)) = ¥ (0,0, My(0, My (0)))|} (P Eespectzs)
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CEM
E v (0, M1(0), M, (0, M, (0))) - ¥ (0,0,0)]

= E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + Y(0,0,0)]M, (0)[M,(0,1)
- MZ (O;O)]}(PIEeffectm)

+E{[Y(0,1,1) — Y(0,1,0) — Y(0,0,1) + Y(0,0,0)] M, (0) M, (0,0)}(PIEeffectgo)
+E{[Y(0,0,1) — Y(0,0,0)]M;(0)[M;(0,1) — M5 (0,0)1}(PIEcffects1)
+E{[Y(0,1,0) — Y(0,0,0)]M1(0)}(PIE ¢ fectsz)

+E{[Y(0!0!1) - Y(OJOJO)]MZ(010)}(P1Eeffect33)
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6.2 F1% b

$1

E[Y(a,my,m;)]

= E[Y(a,my, my)|A = a, My = my, M; = my]

= E[YlA = a,Ml = ml,Mz ES mz]

¢,
E[Y(a, my, M, (e,, mi))]
= Zam,m,E|Y (a,my, My(e3,m)))|A = a, My = my, My(e,, m}) = m,|
P(M;(ez,my) = mylA = a,M; = my)P(M; = my|A = a)P(A = a)
= 2:a,ml,sz[Y(a' my,my)|A = a,M; = my,M,(e;,my) = my]
P(My(ep,my) = mylA = €3, M; = m;)P(M; = my|A =a)P(A=a)
= Zam,m,E[Y|A = a, My =my, M, = m,]
P(M; = my|A = e;, My = m)P(My = my|A = a)P(A = a)

= Zsz[YlA = aq, Ml = ml, MZ = mz]P(Mz = mzlA = 62, Ml = mll)
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¢3

E [Y (a, my, My (e, My (93)))]

= 54E |Y (a,my, My(e5, My(e3)) ) 14 = a| P(4 = @)
= Za,mlE[Y(a, mliMZ(eZ'ml))lA =a,M;(e3) = m1]P(M1(33) =m|A = a)P(A
= a)
= Za,ml,sz[Y(a' ml»Mz(ez'm1))|A = a,M,(e3) = my, My(e;,my) = mz]
P(M,(ey,my) = my|A = a, My(e3) = my)P(M;(e3) =my|A = a)P(A = a)
= 2:a,ml,sz[Y(a' my,my)|A = a, My = my, My(e;,my) = my]
P(M;(ez,my) = my|A = ey, My =my)P(M,(e3) =my|A = e3)P(A=a)
= Ea,ml,sz[YlA =a,M; = my,M, = my]P(M, =m,|A = e;, M; = m;)
P(M; =my|A =e;)P(A=a)

= 2:ml,sz[YVl = a,M; = my, M, = my|P(M; = my|A = e;, My = my)P(M,

=my|A =e3)
P4
E[Y (a, My (e,), m;)]
= Ea,ml,sz[Y(ar M;(e1), my)|A = a,My(ey) = my, M; = my]
P(M; = my|A = a,M;(e;) = my)P(My(e1) = my|A=a)P(A=a)
= Zgm,m,E[Y(a,my,my)|A = a,M; = my, M, = m,]
P(M, = my|A =a,M; = my)P(M; =my|A =e,)P(A=a)

= ZmlE[YlA =aq, M1 =m,, MZ = mz]P(Ml = mllA = 6’1)
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¢s
E[Y(a, M1(e1)»M2(32’m1))]
= Ea,ml,sz[Y(ar M1(e1)’M2(32’m1))|A =a,M,(e;) = my,My(e;,my) = mz]
P(M;(ez,my) = my|A = a,M;(e;) = my)P(M(e) =my|A=a)P(A=a)
= Zam,m,E[Y(a,my,my)|A = a,M; = my, M, = m,]
P(M; = my|A = e;,M; = m)P(M = m,|A =e;)P(A=a)
=Zm,m,E[YIA =a,M; =my, M, = my|P(M; = my|A = e;, My = my)
P(M =my|A =e)

b6
B [¥ (a. My (e Ma(ent (o)

= Ea,ml,sz[Y(a, M1(91):M2(92:m1))|14 = a,M;(e;) = my, My(ey,my) = mz]
P(M;(ez, my) = my|A = a,M,(e;) = my)P(M(ey) = m,|A =a)P(A=a)

= Zgm, m,E[Y(a,my,m;)|A = a, M; = my, M = m,]

P(M;(ez,my) = my|A = e;, My = my)P(M =my|A = e)P(A = a)

= Zm, m,E[Y|A =a,M; =my, My = my|P(M, = my|A = e;, M; = m,)

P(M = ‘m1|A = 61)
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¢

E[Y (A4, my, m3)]

=X,E[Y(a,m;,m;)|A =alP(A =a)
=X,E[Y(a,m;,my)|A =a,M; =mi},M, =m,|P(A = a)

=X,E[Y|A =a M; =m;,M, = m;|P(A = a)

¢s
E[Y(A,my, My(e5,m))]
= Ea,ml,sz[Y(Ar my, My (e5,my))|A = a, My = my, My(e}, m}) = mz]
P(M;(ez,my) = my|A = a,M; =my)P(M; = my|A = a)P(A=a)
= Zgm,m,E[Y(a,m3,my)|A = a,M; =mj,M, = m,]
P(M;(e3,mq) = my|A = €3, My = my)P(My = my|A =a)P(A=a)

= 2:a,sz[YVl = a,M; = mj,M, = my]P(M, = my|A = e3,M; = mj)P(A = a)

o)
E[y(a’,m}, My(4,m)))]
= 3.E[Y(a',m}, My(a,m}))|A = a|P(A = a)
= Ea,mllsz[Y(a’,mi,Mz(a, mi))|A =a,M; = my;,My(a,m;) = mz]

P(M;(a,m;) = my|A = a,M; = my)P(M; = my|A = a)P(A = a)
= Zgm,m,E[Y(a',mi,my)|A =a',M; = mj, M, = my]

P(Mz(a,my) = my|A = a,M; = m)P(M; = my|A = a)P(A = a)
= Zgm,m,EIYIA=a',M; =mj,M, = m,]

P(M, = my|A =a,M; =m))P(M; =my|A=a)P(A=a)

=Zom,E[Y|A = a',M; = mj, M, = my]P(My = my|A = a,M; = mj)P(A = a)
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P10
E[Y(4,m}, My(A,m)))]
= Ea,ml,sz[Y(a, m}, My(a,m}))|A = a,M; = my, My(a,m}) = m,]
P(M;(a,m;) = my|A =a,M; = m;)P(M; = my|A =a)P(A = a)
= Zgm,m,E[Y(a,mi,my)|A = a,M; = mj, M, = m,]
P(M, = my|A=a,M; =m;))P(M; = my|A =a)P(A = a)

=Zom,E[Y|A = a,M; = mj,M, = my]P(M, = my|A = a,M; = m))P(A = a)

P11
E[Y(a’,m}, My(e5, My))]
= Zam,m,E|Y(a,mi, My(e3,m)))|A = a, My =my, M, (e}, my) = m,]
P(M;(e3,my) = my|A = a,M; = my)P(M; = my|A = a)P(A = a)
= Zgm,m,E[Y(a’,;m;, my)|A=a',M; =mj, M, = m,]
P(M;(e3,my) = my|A = e3 My = my)P(My = my|A =a)P(A=a)
= Zgm,m,E[Y|A =a',M; = mj, M, = m,]

P(M, = my|A = ey M; = m;)P(M; = my|A = a)P(A = a)
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P12

E[Y(4,m}, My(e5, My))]

= Ea,ml,sz[Y(a, m'l,MZ(eé,ml))M =a,M; = my,My(e;,my) = mz]
P(M;(e3,my) = my|A =a,M; =m)P(M; =my|A = a)P(A =a)

= Zgm,m,E[Y(a,mi,my)|A = a,M; = mj, M, = m,]

P(MZ = mzlA = eé,Ml = ml)P(Ml == m1|A = a)P(A == a)

P13
E[y(a’,my, My(A, M,))]
= Zam,m,E|Y(a',mi, My(A, M)))|A = a,M; = my, My(A,My) = my,]
P(M;(A, My) = my|A = a,M; = my)P(M; =my|A = a)P(A = a)
= Ea,mllsz[Y(a’, mi, My(a, ml))|A =a,M, =m;,M,(a,m;) = mz]
P(M,(a,my) = my|A =a,M; = my)P(M; = my|A =a)P(A =a)
= Zgm,m,E[Y(a",my, my)|A=a',M; =mj, M, = m,]
P(M3(a,my) = my|A = a,My = m)P(M; = my|A = a)P(A = a)
= Zogm,m,E[Y|A =a',M; =mj, M, = m,]

P(My = my|A=a,M; =m))P(M; =my|A =a)P(A=a)
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P14
E[Y(4,m}, My(A, M,))]
= Zamom,E[Y(A,m}, My(A, M)A = a, My = my, My(4, My) = my]
P(M,(A, M) = my|A =a,M; = m;)P(M; = my|A =a)P(A =a)
= Za,ml'sz[Y(a, mi, M,(a, ml))|A =a,M;, =my,M,(a,m,) = mz]
P(Mz(a,my) = my|A = a,M; = m)P(M; = my|A = a)P(A = a)
= Zgm,m,E[Y(a,mij,my)|A = a,M; = mj, M, = m,]
P(M, = my|A =a,M; =my)P(M; = my|A =a)P(A=a)
= Zgm, m,E[Y|A =a,M; = mj, My = m,]

P(MZ = mzlA = a,M1 = ml)P(Ml == m1|A = a)P(A = a)

P15

E[Y(4,m}, My(e5, M(e))]

= Ea,ml,sz[Y(Ar my, M, (eé,M(e{)))|A =a,M(e;) = my, M,(e;, M(ep)) = mz]
P(M;(ez, M(eq)) = my|A = a,M(ey) = m)P(M(e;) =m,|A =a)P(A=a)

= Za,ml,sz[Y(A' my, M, (eé»m1))|A =a,M(e;) = my, My(e3,my) = mz]

P(M;(e3, my) = my|A =a,M(e;) =m)P(M(e1) =my|A=a)P(A=a)
= Ea,ml,sz[Y(a’ my, my)|A = a,M(e;) = my, My(ez,my) = my]
P(M;(e3,my) = my|A = e;, My = my)P(M(ey) = my|A =e)P(A=a)

= Ea,ml,sz[YlA = a,M; = mj, My, = my|P(My = my|A = ey, My = my)

P(M; = my|A =e;)P(A=a)
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¢16
E [y (a’, mi, M, (A, M, (e{)))]

= Zomym, E[Y (a',m1, My (4, M(e1))) 1A = a, M(e]) = my, My(A, M(e)) = my]

P(M3(A,M(e1)) = my|A = a,M(e;) = my)P(M(e;) =my|A = a)P(4 =a)
= Zam,m,E|Y(a',mi, My(4,M(e)))|A = a,M(ey) = my, My(a,my) = m,|

P(M;(a, M(ey)) = my|A = a,M(e;) =m)P(M(e) = my|A=a)P(A=a)
= Za,mllsz[Y(a’,mi,Mz(a, ml))|A =a,M(e;) = my,My(a,my) = mz]

P(My(a,my) = my|A = a,M(e;) = my)P(M(e;) = my|A =a)P(A=a)
= Ea,mllsz[Y(a’,mi,mz)lA = a,M(e;) = my, My(a,my) = m,]
P(Mz(a,my) =m,|A=a M, =my)P(M(e) =my|A =e)P(A =a)
= Zam,m,E[Y(a’,mi,m;)|A = a',M; = mj, M = m,]
P(My = my|A=a,M; =my)P(My = my|A = e))P(A=a)

= Zgm, m,EIYIA =a',M; = mj,M, = my]P(M, = my|A =a,M; =m,)

P(M; = my|A = e;)P(A=a)
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b17
E [Y (A, my, My (A, M, (e{)))]

= Zgmym, E[Y (4,m1, Mz (4, M(e1)|A = a, M(e1) = my, My (4, M(e])) = m,]
P(M3(A,M(e1)) = my|A = a,M(e;) = my)P(M(e;) =my|A = a)P(4 =a)
= Za,ml'sz[Y(a, mi, M,(a, ml))|A =a,M(e;) =my,My(a,my) = mz]
P(My(a,my) = my|A =a,M(e;) =my)P(M(e1) = my|A=a)P(A=a)
= 2:a,ml,sz[Y(a' mj,my)|A = a,M(e;) = my, My(a,my) = m,]
P(My(a,my) = my|A = a,M(e;) = my)P(M(e;) = my|A =a)P(A=a)
= Zgm,m,E[Y(a,mj,my)|A = a,M; = mj, M, = m,]
P(M; =my| A =a,M; = my)P(M; = my|A = e)P(A = a)
= Zam,m,E[Y|A = a,M; =mj, M, = m,]

P(My = my|A=a,M; = my)P(M; = my|A = e;)P(A=a)

P18
E[Y (A, My, m3)]
= Zgm,m,E[Y(A, My, my)|A = a, My =my, M, = m,]
P(M, = my|A =a,M; =my)P(M; = my|A=a)P(A=a)
= Zgm,m,E[Y(a,m,m;)|A = a,M; = my, M, = m,]
P(M; = my|A = a,M; = m)P(M; = my|A = e )P(A=a)

=Zgm,E[Y|A=a,M; =my,M, = my]P(M; = my|A = a)P(A=a)
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P19
E[Y(a', My, m3)]
= Zgm,m,EY(a',M;,my)|A = a,M; = my,M, = m,]

P(M, = my|A =a,M; =my)P(M; = my|A=a)P(A=a)
= Zgm,m, E[Y(a',my, m3)|A = a, My = my, My = m,]

P(M, = my|A =a,M; =m;)P(M; = my|A=a)P(A=a)
= Zam,m,E[Y(a’,my,my)|A =a',M; =my, M, = my]

P(M, = my|A =a,M; =my)P(M; = my|A =a)P(A=a)

= Ea,mlE[YlA = a’, Ml = ml, M2 = mé]P(Ml - mllA = a)P(A = a)

P20
E[Y (A, M;(e1), m3)]
= 2:a,ml,sz[Y(I‘L M;(e1),m3)|A = a,M;(e1) = m;, M; = m,]
P(M; = my|A = a, M;(e;) = my)P(M;(e1) = my|A =a)P(A=a)
= Zgm,m,E[Y(a,my, my)|A = a,M; = my, M, = m,]
P(M; = my|A=a,M; = m)P(M; = my|A =e)P(A=a)

- “am,
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21
E[Y(a’, My, My (e}, m)))]
= Ea,ml,sz[Y(a’, Ml,Mz(eé,m’l))| A=aM, =my,M,(e;,my) = mz]
P(M;(e3, my) = my|A =a M, =m)P(M; =my|A = a)P(A =a)
= Za,ml'sz[Y(a’,ml,Mz(eé,m’l)N A=a M, =my,M,(e;;my) = mz]
P(M;(e3,my) = my|A = e3, My = my))P(M; = my|A = a)P(A = a)
= Zam,m,E[Y(a',my,my)| A =a,M; =my, M, = m,]
P(M;(ez,my) = mylA = ey, My = my))P(My = my|A =a)P(A=a)
=Zam,m,E[Y|A=a',M; =my,M, =m,]

P(M; = my|A = ey, M; = mi)P(M; = my|A=a)P(A = a)

P22

E[Y (A My, My(ej,m)))]

= Zamom,E[Y (A My, My (e, m))| A = a, My = my, M,(e5, m}) = my]
P(M;(ez,my) = my|A = a,M; = my)P(M; =my|A = a)P(A = a)

= Ea,ml,sz[Y(ar my, my)| A = a,M; = my, M,(ez,mi) = my]
P(M;(e3,my) = my|A = e;, My = mi)P(M; = my|A =a)P(A=a)

=Zgm,mEYI|A=a,M; =my,M, = m,]

P(M, = my|A = e;,M; = my)P(M; = my|A = a)P(A =a)
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$23
E[Y(a’, My, My(A,m)))]
= Zamom,E[Y(a', My, My(4,m)))| A = a, My = my, My(A,m}) = m,]
P(M,(A,m;) =my|A = a,M; =my)P(M; = my|A = a)P(A = a)
= Zam.m,E|Y(a', My, My(a,m)))| A = a,M; = my, My(a,m}) = my]
P(Mz(a,my) = my|A = a,M; = m)P(M; = my|A = a)P(A = a)
= Za,ml,sz[Y(a’,ml,Mz(a, mi))| A=a,M;, =my,M,(a,my) = mz]
P(M;(a,m}) = my|A = a,M; = my)P(M; = my|A = a)P(A = a)
= Zgm,mEY(a',my,my)| A =a',M; =my, M, = m,]
P(Mz(a,my) = my|A = a,M; =my)P(M; = my|A = a)P(A = a)
=Zgm,m,E[Y|A=a',M; =my;,M, = m,]
P(M, = my|A =a,M; = my))P(M; =my|A =a)P(A =a)
P24
E[Y (A M, My(A,my))]
= Zam,m,E|Y (4, My, My(A,m)))| A = a, My = my, My(A,m}) = m,]
P(M;(A,my) = mylA = a,M; = my)P(My = my|A = a)P(A=a)
= Ea,mllsz[Y(a, M;, M,(a, mi))| A=a,M;, =my,My(a,m;) = mz]
P(M,(a,m;) = my|A =a,M; = m;)P(M; = my|A =a)P(A =a)
= Ea,ml,sz[Y(ar my,my)| A = a,M; = my, My(a,mj) = m,]
P(My(a,my) = my|A = a,M; = m)P(M; = my|A = a)P(A = a)
= Zam,m,E[Y(a,my,my)| A= a,M; =my,M, = m,]
P(M,(a,m;) = my|A =a,M; = my))P(M; = my|A =a)P(A =a)
= Samm,E[Y| A= a M =my, My = my]P(M; = my|A = a,M; = m})

P(M; =my|A=a)P(A=a)

131



¢2s
E[Y (A, My(e1), My (e, m1))]
= Ea,ml,sz[Y(Ar M1(3D,M2(eé’m1))| A =a,M;(e1) = my, My(e;,my) = mz]
P(M;(e3,my) = my|A = a,M,(e1) = m)P(My(e;) = my|A = a)P(A = a)
= Ea,ml,sz[Y(ar my,my)| A = a,M;y(e;) = my, My(e;, my) = my]
P(Mz(e3,my) = my|A = a,M; = m)P(M;(e1) = my|A = e;)P(A = a)
= Ea,ml,sz[Yl A =a,M; =my, M, = my]P(M(e3,my) = my|A = ez, My = mj)
P(My =my|A=e))P(A=a)
= Zam,mEIY| A= a,M; =my, M, = my]P(My = my|A = e;, M} = mj)
P(M; =my|A=e;))P(A=a)
P26
E[y(a’, M,(e}), Ma(A,my))]
= Ea,ml,sz[Y(a,' M, (e1), M, (A,mi))| A=a,M(e) = my,My(A,m}) = mz]
P(M5(A,m1) = m,|A = a,My(e;) = my)P(M,(e;) = my|A = a)P(A = a)
= Ea,ml,sz[Y(a"mpmzN A = a,My(e;) = my,M,(a,my) = m,]
P(M;(a,my) = my|A = a,M,(e;) =my)P(M(e1) = my|A = a)P(A=a)
= Zgm,m,EY(a',my,my)|A=a’,M; =my, M, = m,]
P(M, = my|A = a,M; = my)P(My(e;) = my|A =e)P(A=a)
=Zam,mEIYI|A=a',M; =m;,M, = my]P(M, = my|A = a,M; = mj)

P(My =my|A=e)P(A=aqa)
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$27
E[Y(4 My(ep), My(A,m)))]
= Ea,ml,sz[Y(Ar M1(3D,M2(A’m1))| A=a,M;(e;) =my,M(A,m)) = mz]
P(M;(A,m;) = my|A = a,My(e;) = my)P(M,(e;) = my|A = a)P(A =a)
= Za,ml'sz[Y(a, mq, M,(a, mi))| A=a,M;(e;) =my,My(a,my) = mz]
P(M3(a,m;) = my|A = a,M;(e;) = my)P(My(e) = my|A =a)P(A=a)
= Ea,ml,sz[Y(ar my,my)| A = a,M;(e;) = my, My(a,my) = m,]
P(My(a,m;) = my|A = a,M(e;) = my)P(My(e;) =mq|A =e)P(A=a)
= Zam, mEY(a,my,my)| A= a,M; = my, M, = m,]
P(M; = my|A = a,M; = m))P(M; = my|A =e))P(A=a)
= Zam,m,E[Y| A =a,M; =m;,M, =m,|P(My = my|A = a,M; =mj})
P(M; =m|A =e)P(A=a)
P28
E[Y(A My, My(e), My))]
= Zam,m,E|Y (A, My, My(e5, My))| A = a, My = my, M, (e}, M,) = m,]
P(M;(ez M;) = my|A = a,M; = my)P(My = my|A = a)P(A = a)
= Ea,mllsz[Y(a, ml,MZ(eé,ml))| A=a, M, =my,M,(e;,my) = mz]
P(M;(e3,my) = my|A =a,M; =m)P(M; =my|A = a)P(A =a)
= Ea,ml,sz[Y(ar my,my)| A= a,M; = my, My(e;,my) = my]
P(M;(ez,my) = my|A = a,M; = m)P(M; = my|A =a)P(A=a)
= Zam,m,E[Y(a,my,my)| A= a,M; =my,M, = m,]
P(M;(e3,my) = my|A = e;, My = my)P(M; = my|A =a)P(A=a)
=Zam,mEIY|A=a,M; =my,M, = my]P(M, = my|A = e;, M} = m,)

P(M; =my|A=a)P(A=a)
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$29
E[Y(a’, My, My (e}, M,))]
= Zamom,E[Y(a', My, My (e3, My))| A = a,M; = my, M,y (3, My) = m,]
P(M;(e3, My) = my|A = a,M; = m;)P(My = my|A =a)P(A = a)
= Za,ml,sz[Y(a';mpMz (eé'm1))| A=a M =my,My(e;,my) = mz]
P(M;(e3,my) = my|A = a,M; = m)P(M; = my|A = a)P(A=a)
= Ea,ml,sz[Y(a,: my,my)| A =a,M; = my, My(e;,my) = my]
P(M;(e3,my) = mylA = a,M; = my)P(M; = my|A =a)P(A=a)
= Zgm,mEY(a',my,my)| A =a',M; =my, M, = m,]
P(M;(ez,my) = my|A = e3, My = my)P(M; = my|A = a)P(A = a)
=Zam,m,E[Y| A =a',My =my,M; =my]P(My = my|A = e3,M; = my)
P(M; =my|A=a)P(A=a)
P30
E[v(a’, My, My (A, My))]
= Zam.m,E|Y(a', My, My(A,M)))| A = a, My = my, My (A, M;) = m,]
P(M3(A,My) = my|A = a,M; = m)P(My = my|A = a)P(A = a)
= Ea,mllsz[Y(a’, M, M, (a, ml))| A=a,M;, =m;,M,(a,m,) = mz]
P(M,(a,my) = my|A =a,M; = m;)P(M; = my|A =a)P(A =a)
= Za,ml,sz[Y(a’:mpmzN A =a,M; =my,M(a,my) = my]
P(M3(a,my) = my|A =a,M; = m)P(M; = my|A = a)P(A = a)
= Zam,m, E[Y| A =a',M; =my, My(a,my) = my]
P(M,(a,my) = my|A =a,M; =m;)P(M; = my|A =a)P(A =a)
=Zam,mEIY|A=a',M; =m;,M, = my]P(M, = my|A = a,M; =m,)

P(M; =my|A=a)P(A=a)
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¢31

B [1 (4, M:CeD. M (e, M eD))]

= Sqmym,E [Y (A, My (e]), My (e, My (e]) ) | A = a, My (e}) = my, My (e}, My (e}))
= mz] P(Mz(eé,Ml(eD) =my|A =a,M;(e;) = ml)

P(M,(e;) = my|A =a)P(A = a)
= 2:a,ml,sz[Y(“l' m1;M2(eé;m1))| A =a,M;(e;) = my, My(e;,my) = mz]
P(M;(e3,my) = my|A = a,M,(e1) = m)P(M(e;) = my|A = a)P(A=a)

= 2:a,ml,sz[Y(a' my, my)| A =a,M;(e;) = my, My(e3,my) = my]

P(M;(e3,my) = my|lA = a,M; = my)P(M;(e;) =my|A = a)P(A=a)
= Zam,m,E[Y(a,my, mp)| A=a,M; = my,M, = m,]

P(M;(e3,my) = my|A = e;, My = my)P(My(e) =my|A = e))P(A = a)
= Zam,mEIY| A= a,My = my,M; = my]P(M, = m,|A = e;, M; = m,)

P(M; =my|A =e;)P(A=a)
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¢32

A CRACACHAEN)|

= Sqmym,E [Y (@ My(eD), My (A, My(eD) )| 4 = @, My(e]) = my, My (A, My (e}))
= my| P(Mo(A, My(e]) = m,|A = a, My (e]) = m,)

P(M,(e;) = my|A =a)P(A = a)
= Zam,m,E|Y(a',my, My(a,my))| A = a, M, (e]) = my, My(a,my) = m,]
P(M;(ez,my) = my|A = a, My(e1) = my)
P(M;(e1) = mi|A = a)P(A=a)
= Za,ml,sz[Y(a';mpmzN A =a',M,(ey) = my,My(a,my) = m,]
P(M;(a,my) = my|A = a,My(e;) = my)P(My(e;) = my|A = a)P(A=a)
= Zgm,m,E[Y(a",my,my)| A =a',M; =my, M, = m,]
P(M3(a,my) = my|A = a, My = my)P(M,(e;) = my|A = e])P(A = a)
=Zam,mEIYIA=a',M; = m;,M; = my|P(M, = my|A = a,M; = m,)

P(M; = my|A = e;)P(A =a)
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¢33

B [1 (a4 CeD. M (4,1, (e1)

= Sqmym,E [V (A4 My (e]), M (4, My (e])) ) | A = a, My (e]) = my, My(4, My (e]))
= mz] P(M,(A,M,(e})) = my|A = a,My(e}) = m,)
P(M,(e}) = my|A = a)P(A = a)
= Sqmym, E [Y (& My(eD), My (a, My (e]))) | A = a, My (e]) = my, My(a, My (e]))
= my| P(My(a, My(e})) = my|A = a, My (e]) = m,)

P(M(e;) = m|A = a)P(A = a)
= Za,mllsz[Y(a, my, M, (a, ml))| A =a,M,(e;) = my,My(a,my) = mz]
P(M;(a,my) = my|A = a,M;(e;) = my)P(M;(e;) = mi|A=a)P(A=a)
= Ea,ml,sz[Y(a' my, my)| A = a,M;(e;) = my, My(a,m;) = my]
P(M; = my|A = a, My = my)P(M;(e1) = my|A = e)P(A = a)
=Zam,mEYI|A=a,M;, =my, M, = m,]

P(M, = my|A=a,M; = my)P(M; = my|A = e{)P(A =a)
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