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Definition (Instrumental Variable (p. 248 [8])) Vaz - 27"{ (=
> Do the regression of X on Z:
Avariable Z is an IV for A, from X to Y if X-azte — a-o
> Zis d-separated from Y in the subgraph G;_, ‘5\'7—2 9&3% . 2-5 (2. s ooyt
> Zis not d-separated from X in G, . \ N

[ n b= e
— Gobonal V- given wy | Aok 2 724 el -

Definition (Conditional IV [3])

Avariable Z qualifies as a conditional IV given a set W for structural coefficient
Ay from X to ¥ if

» W contains only non-descendants of ¥
> W d-separates Z from ¥ in the subgraph G, ,
> W does not d-separate Z from X in Gy, .

Oy = Aex, fori, j € {1,2}
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Causal Effect Partial-ldentifiability

The causal effect of X on Y is said to be partially-identifiable given a
causal diagram g, if

» P(V) determines a bound P(y | do(x)) € [a,b];

» the bound [a,b] is a proper subset of [0,1].

» P(y|do(x)) is identifiable => P(y | do(x)) is partially identifiable.
> P(y|do(x)) is partially identifiable #= P(y | do(x)) is identifiable.

7g. Nasgal — Bunds

Theorem

Given the observational distribution P(x,y), the causal
effect P(y | do(x)) is bounded in [a(y;x),b(y;x)] where A—> dolz)

ay;3) = P(3), ~M Y A b ok
b(y;x) = P(y,x) + 1 —P(x). _ b % o] &7t NPT
= FT—(%\,T\‘V\{ES

Theorem

For binary X,Y € {0,1}, given any distribution P(x,y), there
exist SCMs M), M® such that

PO (x,y) = PO (x,y) = P(x,y)

while PO)(y | do(x)) = a(y:x), PO (y] dox)) = b(y:x).

7 uswedd lownde  ave WS "\'?%(ﬁ 7 Y (eg 2V bl w/ g)
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Theorem
Given the observational distribution P(X,Y | Z), the causal effect
P(y | do(x)) is bounded in [a(y:x),b(y:x)] where

alyis) = mexPly.x] 2 Yo i annl bond b 22 U Y 1

b(y;x) = minP(y,x | z)+1—P(x| z).

\C{' \\‘Q Applying natural bounds to M,

P(y|do(x.2)) < P(y,x | do(z)) +1 - P(x | do(z))

However, natural bounds are not tight in IV models.
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- Z(;\ - P C Re ;61 RY: k:) ) Ry =3 {ue Xy | fx(Z=0u)=1, fx(Z=1u) =1} (always-taker)
.
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Definition

Consider an SCM M’ with X,Y,Z € {0,1} and U = {Rx,Ry,Rz} where
Rx,Ry €{0,1,2,3}, Rz € {0,1}.

Kzl 0 ifry =0 never-taker
ifry =1 complier

Felwm)=1{]_

z ifry =2 defier
1 ifry =3 always-taker
X « fx(zrx) 0 ifry =0 never-recover
M =Y « fy(xry) _)x ifry=1 helped
Zrz fr(ory) = 1-x ifry=2 hurt

ifry =3 always-recover

=) BO\AV\L %7\’%

- \’(\(sﬂok\ e\mb&mﬂ z %3,\< 4 \wewr fosz A
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ajp = mqi" qo2+q12+ 02+ @32+ 4903+ q13+923+ 933 p1oo

bw=mqaxz/o:+!n:+qz:+q3.:+qo3+<{x 3+a23+4q33 P(Y =1]|do(X =0)) > max piol

C‘US‘({"PUW” P100+P11.0— P0o.1 — P11.1
sol:

such that 23 o X3 4k = L ¥jxe(0.1.23)9jx > 0, and PoLo+ P10.0 — Po0.1 — PoL1

P00.0 = 400+401+4q10+41,1, Poo.1 =400+ 401 +q20+q2.1, E 1= pooo
Po10=q20+q22+q30+432, por1=q10+q12+g30+ 432, P(Y = 1| do(X = 0)) < min 1= poo
P100=4902+903+q12+4q13, P11 =4q02+q03+q22+q23, P10.0+ P11.0+ Por1 + Proa
Pro=4q21+q23+q31+433, P =qui+q3+g31+433. Po10+ P10.0+ Proa+pina

b t(elz)= fee



