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·n experimental units (for measurement

· Unit i : covariates XiE A measured before treatment.

outcome Y: EYER measured after treatment.

* Treatment ZEE .
Often E=(Z , " , zn) ,

but not required.

· Exposure : Ai = Ailz) Et
. Usually A=E Cidentity mapping)

A = 50
, 13 (binary exposure).

· X=IX, :" , Xn) , same for A ,

Y

.
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· Bernoulli trial : F(zIX)= (xi)(
* "

(1-xi))" Zi

[simple/sampling w. replacement : it (i) = i]
· Sampling wo replacement : /x) = (()" , if=,

o, otherwise.

· Randomized complete block design :

K treatment levels : 0
, 1 ..... -1. in blocks.

z= (Zij)ietm]
. je [ k].

T1) = [Ck
!) , of Bij)jEE is

permutation of 10
,
1:, (1) for alli.

0 otherwise,























· Applying M-estimation to

3v= (A) ,
v= (1) ,

v = (*)
Let Ek = Y-Xp-BA-REX-AldIX) .

Im -9) N10 , Vic) , Vicki.
--

Verify in E .
S.

And Us = min9VI , Ve].

Prot Elev = 0 => ElEs) = ElAGs) =0

#(3X) = ElEsAX) =0 .

Ei = 23+ V5X + Ald,X)

[2 = Es+ (83- 02πX + A(X).

So for K=1 ,2

ESCA-FYE] - EYCA-T si]
= #)(A-T) ((83-U(iX+A(5X)J2 = 0

.
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Definitions
-

· A walk is m
* -connected given Lif all its colliders are in L
-

andmone of its non-colliders is in L

· We say ; andk are m-connected given L if there exists a
-

me connected walk like jan>x /L.

· We say ; andI are confounded given if there exists a

it connected walk like jam>xqu>k 1 L

· Unconfoundedness :

ju>#+n>k1L[f] >jen*>k/L[5]

= j= /7k[5] => 5 =
+ * 0

K ( (-> 0 A
Q : Why ?

E 15"(jk = 0 .

· m-separation : Recall =Ex = (l-3) *+(I-B)T
.

jm> * fu 12 [G]Ej4** [G*]~

=> ()jk = 0
· Completeness : For almost all linear SEM w

. r.t. G,

j msmk12 [b] <) (ljk=0









① meJ mykIL.

LN
So k +> m

,
KN=4kan>* fuNIL .

=> JUN 1** K 1L

(l) By
-> VJUNIm3 # UK /VL.

(Induction

hypothesis)
Further,

m tu>* En /JUNUL/m3
(2) By
= Vm # Vk / VL , VJUNI my lordered

Marker)

(1)

(2) => VJrN VkIVL (chain rule)

=> VJIV/V
.

② meK
. symmetric.
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Marker equivalence class :

Ex1 I I 74
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· Recursive substitution

- Basic potential outcomes : Vj(Vp)=fj(vpac , Ej) , jeU.

- Derived potential outcomes : VjIvz)=Vj(vpa)1I , Epagl(Ve))
·

This defines a "natural counterfactual" V: (VI) for itI.

· Example
-

v= -> V -> V3







=> Vk(v2)m>*f, NLIVI) , Vinchas (V21) /Vaicha (227
.

Ill

[Because VChij) (V2) has no

outgoing edges like Vchijs (1 ->*
See ES2Q9 . ]

=> Vi(VI) h** (VLIVE) , Vinchijs (Vs)) (Vmichajs (2)
.

=> VK(ve , vi) # (VLlVe , Vj) , Viechijs Ne . ) /Vinichips ( ).

=> Valve) # (Valves , Vanchys (ves) /Vaichs (VI)
.

IjEL . consistency · Lemma 2.]

&im2 Disjoint K , L ,MEV
, jDKUL

.

Then

VIIve) na* my Un (Vz) / VmIV2) = VII) #Valves /Vi(v2)
.

# If (kVLUM) 1 ch(j) = 0. Trivial .

Now suppose j-> KULUM.

Observation 1 VK(VI) m**m, Vilve) / Vi (2) , Vj(v)
.

-

Otherwise Valvz) au>**> Vj(VI) Ex *f Valve) /VIV) ,Vie
This leads to contradictions when j-KULUM.

0bservation 2 Either VK(V2) Lax** Vilves /Van (2)
or VL (v) mux** Vj(V) /Van (V2)

Otherwise Velve) du * fu, Vjlve) has *f VLIVE) / VmIv
This contradicts the assumption orObservation 1.































Thus
,
the dual problem is fitting a logistic regression with

a different loss function.

· Double robustness

A benefit of this is that when one we do the one-step

correction to =CHAilW : Yi
,

we get

-↑DR=w -Goi))+AiMo(i) - *Alwisi-
= Hi)wi+Al-Ai)wi
-
=O if t (i) is linear in Xi

.

=
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· Linear SEM : Assume all variables have mean 0
.

A = zTPza + XBXA + SA

Y = ABAY + XBxy + Ey .

EA , Sis may be correlated. (X
,z)1 (SA . [i]

.








