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Causality Lab

» Causal Bandit

» Causal RL

> Causal Discovery

» Causal Identification

» Causal Estimation
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> Causal Machine Learning
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» Causal Fairness
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Causality

Causal Inference

[ Identification ] [ Estimation ) [ Discovery ]




Causality

@ given a true causal diagram

[ |dentification ]

Whether the causal effect P(y | do(x)) can be expressed
in terms of the observational distribution.



Causality

@ given a true causal diagram

[ Estimation )

Efficient estimation of causal effect P(y | do(x)) from
the observational distribution.



Causality

@ unknow causal diagram

[ Discovery ]

Discovery of a causal diagram from an observational datasets.



Causality

’@ given a true causal diagram

[ |dentification ]

Whether the causal effect P(y | do(x)) can be expressed
in terms of the observational distribution.
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Correlation vs Causation

Cholesterol (Y)

Exercise (X)
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Correlation vs Causation

Correlation

Cholesterol (Y)

Exercise (X)

More exercise = More Cholesterol?
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Correlation & Causation

Cholesterol (Y)

Exercise (X)

Correlation
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Correlation & Causation

Correlation

Cholesterol (Y)

age = 20s
>

Exercise (X)

More exercise = Lower Cholesterol (per age group)
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Correlation & Causation

Correlation

Cholesterol (Y)

age = 20s
>

Exercise (X)

This difference is called confounding bias.
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Correlation & Causation

Correlation

Cholesterol (Y)

age = 20s

Exercise (X)

Q. Is confounding bias removable?
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Covariate Adjustment

Exercise Cholesterol

Cholesterol (Y)

Exercise (X)
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Covariate Adjustment

Cholesterol (Y)

‘H‘,A@ \ @ -
Exercise Cholesterol < | per age group (Z)
m— >
Exercise (X)

We can compute the causal effect P(y | do(x)) by adjusting the confounder Z.
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Covariate Adjustment
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®
Cholesterol (Y)

(000!

Exercise Cholesterol - | J ~  per age group (Z)
>
Exercise (X)

We can compute the causal effect P(y | do(x)), adjusting the confounder Z.
Covariate Adjustment (CA): P(y | do(x)) = ZP(y | x ,2)P(z)
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Backdoor path




Backdoor path

Backdoor path (Confounding path)

)

Causal path

20,
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Backdoor path

Backdoor path (Confounding path)

D30

Causal path

Correlation = Causal effect + Counfounding bias
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Backdoor path

Block!
Backdoor path (Confounding path)

O30

Causal path

Correlation = Causal effect + Counfounding bias
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Backdoor path

Block!
Backdoor path (Confounding path)
X (7, »@

Causal path

P(y| do(x)) = ) P(y| x, 2)P(z))
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Related work



Backdoor adjustment criterion

given a graph

and a covariate set 7,

'

r

\_

Backdoor adjustment criterion

~\

.

}

whether  P(y | do(x)) = ZP(y | x ,2)P(z)
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Backdoor adjustment criterion

given a graph and a covariate set Z = {Zs,7,, Zs }

'

(" )
1. Z € Z is not a descendant of X.
k2. 7. blocks every backdoor path. )

28



Backdoor adjustment criterion

given a graph and a covariate set Z = {Zs,7,, Zs }

(" )
1. Z € Z is not a descendant of X.
k2. 7. blocks every backdoor path.

descendants
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Backdoor adjustment criterion

given a graph and a covariate set Z = {Zs,7,, Zs }

'

(| )
/7 € 7 is not a descendant of X.
k2. 7. blocks every backdoor path. )
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Backdoor adjustment criterion

given a graph and a covariate set Z = {Zs,7,, Zs }
(" )
/ ¥ 7 € 7 is not a descendant of X.
e k2. 7. blocks every backdoor path. )

(z)
220
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Backdoor adjustment criterion

given a graph and a covariate set Z = {Zs,7,, Zs }
(" )
/ ¥ 7 € 7 is not a descendant of X.
e C{Z blocks every backdoor path. )

(2, !

@ @ P(y| do(x)) = ZP O | %,23, 24, 25)P(23, 245 25)
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Backdoor adjustment criterion - sufficient but not necessary

Backdoor criterion is sufficient, but not necessary for Covariate Adjustment.
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Backdoor adjustment criterion - sufficient but not necessary

given a graph and a covariate set Z = {Z,,7,}

;
(" ¢ )

Backdoor adjustment criterion
N y

}

Return False.

- -y,
~
~




Backdoor adjustment criterion - sufficient but not necessary

given a graph and a covariate set Z = {Z,,7,}

;
(" ¢ )

Backdoor adjustment criterion
N y

}

Return False.

- -y,
~
~

However P(y| do(x)) = ZP(y | x, 2,, 2)P(z,,2,) holds!
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Related work



Adjustment criterion

given a graph

and a covariate set 7

- -y,
~
~

@
fr
r N
Adjustment criterion
q y
I}
whether

P(y | do(x)) = ) P(y | x ;2)P(z)
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Adjustment criterion

given a graph and a covariate set Z = {Z,, Z, }

'

(. )
1. Z does not disturb all proper causal paths.

2. 7. blocks all paths in the subgraph. |
-
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Adjustment criterion

given a graph and a covariate set Z = {Z,, Z, }

'

1. Z does not disturb all proper causal paths.

2. 7. blocks all paths in the subgraph.

Proper causal path ®—>® and ®—>® .

(, )

\- WV,
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Adjustment criterion

given a graph and a covariate set Z = {Z,, Z, }

'

QZ does not disturb all proper causal paths.\

k2. 7 blocks all paths in the subgraph.
v,
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Adjustment criterion

given a graph and a covariate set Z = {Z,, Z, }

'

QZ does not disturb all proper causal paths.\

CZ./Z blocks all paths in the subgraph.
v,

a1



Adjustment criterion

given a graph and a covariate set Z = {Z,, Z, }

'

QZ does not disturb all proper causal paths.\
¥ 7 blocks all paths in the subgraph.

\- v,

!

PO/ do()) = Y PO | x, 2. )Pz, 2)
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Adjustment criterion

given a graph and a covariate set Z = {Z,, Z, }

il

( )
1. Z does not disturb all proper causal paths.

2. 7. blocks all paths in the subgraph. )
-

Completeness! \

PO/ do()) = Y PO | x, 2. )Pz, 2)
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Sequential Adjustment Criterion
Main Theory



Sequential covariate adjustment

Covariate Adjustment (CA)

P(y | do(x)) = ) P(z)P(y | x .z)
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Sequential covariate adjustment

Covariate Adjustment (CA)

P(y | do(x)) = ) P(z)P(y | x .z)

Sequential Covariate Adjustment (SCA)

HﬂMm=ZHHH%

z j=0

9Xj 9Z])P(Z])
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Sequential covariate adjustment

Covariate Adjustment (CA)

P(y | do(x)) = ) P(z)P(y | x .z)

Sequential Covariate Adjustment (SCA)

HﬂMm=ZHHH%

z j=0

e.g. P(r | do(a)) = ZP(sl)P(rl, S,| a; ,8))P(r,, ;]

9Xj 9Z])P(Z])

, az, S2)
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Sequential covariate adjustment

Covariate Adjustment (CA) CA is a special case of SCA where m = 1
SCA is generalized version ot CAl
P(y | do(x)) = ) P(z)P(y | x .z) °
Z

Sequential Covariate Adjustment (SCA)

P(y | do(x)) = ZHP( Z1 .Y | X; ,2)P(z)

z j=0

€.g. P(I' | dO(a)) — ZP(SI)P(rl’ Szl a ,SI)P(rz . S3| s Ay, S2) oo
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Sequential adjustment criterion

given a graph and a covariate set Z = ({

il
( )
Sequential adjustment criterion
(SAC)
\ V,
I}

whether P(y | do(x)) = ZHP( i1 ,y]

z j=0

Zao» Lo} VL Zg})

an aZ])P(Z])
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Sequential adjustment criterion

given a graph and a covariate set
Z — ({Zaa Zb}’ {an Zd})

(1. /1, =17, 7} does not disturp all
local proper causal paths.

2. 1., =1{7,7,} blocks all paths in
kthe subgraph.

~
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Sequential adjustment criterion

given a graph and a covariate set

@ 1 = ({Zaa Zb}’ {an Zd})

R 4

.' - v |
@ 1.2, =1{Z,7,} does not disturb all

®\ local proper causal paths.

R 2. 1., =1{7,7,} blocks all paths in
@ @25/’ kthe subgraph. y
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Sequential adjustment criterion

given a graph and a covariate set
Z — ({Zaa Zb}’ {an Zd})

v

~
(1. /1, =17, 7} does not disturp all

local proper causal paths.

R 2. 1., =1{7,7,} blocks all paths in
@ @25/’ kthe subgraph. y

@ Proper causal path ®—>® .
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Sequential adjustment criterion

given a graph and a covariate set
' Z — ({Zaa Zb}’ {an Zd})

@ @ QZI = {Z,,7,} does not disturb all

local proper causal paths.

~

R 2. 1., =1{7,7,} blocks all paths in
@ @25/’ kthe subgraph. y
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Sequential adjustment criterion

given a graph and a covariate set
Z — ({Zaa Zb}’ {an Zd})

(1. Zz,=1{Z.,Z,} does not disturb all
local proper causal paths.

2.1, = {Z.,7,} blocks all paths in
kthe subgraph.

~
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Sequential adjustment criterion

given a graph and a covariate set
Z — ({Zaa Zb}’ {an Zd})

(1. /1, =1{Z.,7Z,} does notdisturb all
local proper causal paths.

2.1, =1{7.,7,} blocks all paths in
kthe subgraph.

~
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Sequential adjustment criterion

given a graph and a covariate set

@ Z — ({Zaa Zb}’ {an Zd})
i' +
(1. /1, =1{Z.,7Z,} does notdisturb all A

local proper causal paths.

*@;\‘ 2.1, =1{7.,7,} blocks all paths in

th bgraph.

e subgrap y
\@ Proper causal path @—»@ .




Sequential adjustment criterion

given a graph and a covariate set
Z — ({Zaa Zb}’ {an Zd})

v

QZZ = {Z.,7,} does not disturb all
local proper causal paths.

v /7, =1{Z.,7,} blocks all paths in
kthe subgraph.

~
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Sequential adjustment criterion

N
\.

given a graph and a covariate set
Z — ({Zaa Zb}’ {an Zd})

~
q. Z.; does not disturb all local proper

causal paths.

2. Z; blocks all paths in the subgraph.

\_ W,

\

P(y.,y, | do(x), x,)) =

ZP (2o 2PV 200 24l X1 5200 )P (5 | Zes 24)
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Sequential adjustment criterion

given a graph and a covariate set

' Z — ({Zaa Zb}’ {an Zd})
: (. i )
1. Z, does not disturb all local proper

causal paths.

‘@;\‘ 2. Z; blocks all paths in the subgraph.
\- ),

Y

. Completeness!
P(yy, y, | do(x), x,)) =

ZP (2o 2PV 200 24l X1 5200 )P (5 | Zes 24)
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minSCA
Main Theory



Constuctive SCA algorithm

AN and Z=(Z,.7))
5

0

whether P(y | do(x)) = SCA?
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Constuctive SCA algorithm

whether P(y | do(x)) = SCA?

MinSCA

}

7 =711,
possibly satisfying
P(y | do(x)) = SCA
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Sequential adjustment criterion

given a graph and a covartiate set
Z — ({Zaa Zb}’ {an Zd})

v

2.1, =1{7.,7,} blocks all paths in
kthe subgraph.
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Sequential adjustment criterion

given a graph and a covartiate set
Z — ({Zaa Zb}’ {an Zd})

v

2.1, =1{7.,7,} blocks all paths in

kthe subgraph. y

7, = @ also satisfies the second condition!
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Sequential adjustment criterion

(- )
- WV,
\
minimum size Z. = (Zl, -7, possibly satisfying SCA
P(y | do(x)) = ZHP( 1Y | X ,2)P(z))

z j=0



Sequential adjustment criterion

1 = ({Za’ Zb}9 @)

P(y.,y, | do(x,, x,)) =
ZP(ZCI’ Zb)P(yll A1 5<go Zb)P(yZ |
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Sequential adjustment criterion

1 = ({Za’ Zb}9 ®)

P(y.,y, | do(x,, x,)) =
ZP(ZCI’ Zb)P(yll A1 5<go Zb)P(yZ |
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Conclusion



Conclusion

Sequential Adjustment Criterion (SAC), a sound and complete
criterion for sequential covariate adjustment.

An algorithm minSCA for identifying a minimal sequential covariate
adjustment set ensuring that no unnecessary vertices are included.
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Thank you



Contributions

whether P(y | do(x)) = SCA?

MinSCA

1%

1= (1,71,
satisfying P(y | do(x)) = SCA
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