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1. Causal Inference in a Nutshell ﬂ Hasso

_ Plattner
Recap: Summary Institut

Traditional statistics, machine learning, etc.
A About associations

A Model the distribution of the data
A Predict given observations

Causal Inference
A About causation

Ve

A Model the mechanism that generates the data

< ) . ) Causal Inference
A Predict results of interventions Theory and Applications

in Enterprise Computing

Uflacker, Huegle,
Schmidt

Slide 4



1. Causal Inference in a Nutshell Hasso
. Plattner
Recap: Concept Institut
Traditional Statistical Paradigm of Structural
Inference Paradigm Causal Models
Inference Inference Causal Inference
Theory and Applications
in Enterprise Computing
E.g., what is the sailBrgo, pwhotabiis ittlye osapidogrss pr
recovery when we see a treatment with recovery if we do treat them with
lemons? lemons? Slide 5
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1. Causal Inference ina Nutshell Hasso
] Plattner
Recap: Inference Procedure Institut
Causal Structure: AHow is | un
AWhat are the . 9
. L related to smoking
relationships in the .
. and genetic
system?o0
Association: ~ ;
~ . AHow | i kel
AiwWhat is a cert .
probability if we find the Sm?k'ﬂgnpe"p'i %etn c ol
system how it i _ .  _ 9
\ ) =—p — —
Observational o Intervention:
Data iWwhat is a cert Aiwhat if we
A O probability if we cigarettes?
- : mani pul ate the systemrsuo
1
o Counterfactuals: AWhat if 1 h
Awhat if the sy been smoking
Background have been diffe ¢ past 2 vy
Knowledge
Data Causal Structure Learning Opportunities Examples
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2. Causal Inference in Application




2. Causal Inference in Application IF-,IIasso
Causal Relationships (I/1l) Institut

AWhat are the princi
contr ol programs of

Causal Relationships

O y-O

7 TCGA -FHCA: Immunoglobulin - Cluster

Probabilistic Inference

4
Causal Inference
e TCGA -GBM: TP53 proto  -oncogenes Causal Inference
P(X;| do(X, = do(X, = x,)) Theory and Applications
P(X,| do(X, = x,)) p in Enterprise Computing
Uflacker, Huegle,
Functional Systems Schmidt
_ y Slide 8




2. Causal Inference in Application IF;Ilansso
Causal Relationships (11/1) acner

nWhat are causes or effects of erro

automotive production process?o0

B Produktionsmonitor Fr. 22.01.16 - 07:27:00 W 5 =]
|
= - = i
=
&=
= &=
E=
Ld:r:::f:::;:::ﬁu! ek ngine Panar Roof  Left-Hand Dri ive oaf Railing Bamping Satellite Rad
Probabilistic Inference = body2  Bodysemtlyl SooyAssemblyz  Body Asamthy3  Anschmes an
P(X3| X, = x1,X; = x3)
P(X,| Xz =x2) 7 b B
.
Causal Inference Causal Inference
P(X3| do(X; = x41),do(X; = x3)) e . " T = . Theory and Applications
P(X,| do(X> = x3)) 7 m— m— - in Enterprise Computing
F— i A— ; Uflacker, Huegle,
Functional Systems e — i Schmidt
e e  — —
f1le,xz2) =™ + Bx; +y e T AP o
o s o i Do .
fo(x3,x0) = 7 S"de 9




2. Causal Inference in Application
Probabillistic Inference (I/11)
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AGi ven current error

process, what effect

B Produktionsmonitor Fr. 22.01.16 - 07:27:00 w 5 =]
= ]
) = f
= = &=
Causal Relationships &=
&)
O\.O(O =
o Order PIN: 3020161031438 Standard Engine Pancramic Faof Lef-Hand Drive Root R Alarm Probability v
Variant ID: 10000017
Fin InlineMeasurement 29%
pres [T ——
= I =t B @ Discharge after Attachments 18%
- @ Att7081Base Position Not 6%
0% A 0318 Posiin Hot o
[ n.ny Okay
P —— =
Causal Inference i R — " i, Att3 Schranktemperatur 3% Causal Inference
P(X5| do(X; = x,),do(X; = x;)) o g * M T B qvovementactive 1% Theory and Applications
P(Xy]| do(X; = x3)) I 4 r2aam 25am P Previous | 1 | 2 Next in Enterprise Computing
P22 amwory
[— —— Uflacker, Huegle,
- —— X
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2. Causal Inference in Application Hasso
e Plattner
Probabilistic Inference (lI/11) Institut
AHow to | everage knowledge about |
i n the current production situation
»U2A1_[inline]_MLSLI1098 [x] ] ]
36 % / ,»U2A1_[inline] MLSTW4@58 [21"|4-*
Causal Relationships /
& ‘/O - | »MABT2_BF_217040R01 BestFitVisu »MABT1_SR_127020SRISSRIN2 [ _
O Qualitatsmessung fehlerhaft® Freigabe NIO weiter® TTT e
»
\\ | ,,U2A11_SPNS Wartungsbedarf
AN HW-Konfig beachten® M S
Causal Inference \ if s15¢! smlETTEI A+m-,3,) sdeydmml 852 . , 2, % Al A s 5yCausal lnferepcer+m- | 3,
P(X3] do(X; = xy),do(X; = x3)) then 1 -! " 4fdm" &mif s¥ dzicz2 dztsm™ AOOKEOGEOO 1 OAI Hideenpand ApdicatiphsC  AA E |
P(X,] do(Xy = x,)) p in Enterprise Computing
if 1-1"4tm32misf W dzf z32t53325. §f &OAECAAA )/ xAEOAO2
then 1-! " 4fm" &mf 5% dzhd2 zsm” AOOKEOSEOD 10A1 akacken Wupgle ¢ £Ae|
Functional Systems Schmidt
FaCr,xa) = e + Bx, +7 if 154! ssm30. 3 7A00&KogOARAAEGABA[ R
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2. Causal Inference in Application
Causal Inference

AWhat i s the causal effect behind
structures in a production process ?(

Causal Relationships

Ony-O

4

Causal Node: Print_Number_Spced. Changes Effec

\CPI_0.ApbARDriveManager Dol SL Blower TubeCenter._fast

Probabilistic Inference - ot

P(X3| X, = x1,X; = x3) s M
P(X, X =2x;) 7 - -

5 | Causal Inference
Causal Nage: Print Number Speed Changes Etfect Node: Print Net2.CPT 0.ADbAIrDriveManager.DeL SL.BlowerTubeCenter fast Theory and Applications
oo \ntervention (oty categorical data) in Enterprise Computing

Uflacker, Huegle,

Functional Systems o Schmidt
fl (XIIIZ) B gaXI + ’sz + }, - . N .
foles,x,) = ~ . \ ) B . " a \ : H .
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2. Causal Inference in Application Hasso
. Plattner
Functional Systems Institut
AWhat are the time | ags within clim
generate | ocal air pressures ?0
Causal Relationships Tmax
OO X =2 ()X« +&
=1
4 with ®;(t) # 0 only for Xi , — X!
Probabilistic Inference
P3| Xy = 2, X, = x,) -4 3-8 =2 ¥4 ¥
P(X4l X =x3) 7 T E /Ts;a:; ; Lags‘i:'\weeﬁs
Sl DA/ No. 1 L i
Causal Inference ‘\ Causal Inference
P(X;3| do(Xy = x1),do(X; = x3)) ‘ No. 0 . Theory and Applications
P(X,] do(X, = x,)) p . % & ,20'—.w P e N ¢ in Enterprise Computing
O WRroteon  Pesost ke No. 33 L. Uflacker, Huegle,
—— — —— — Schmidt
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Runge et. al. (2015). Identifying causal gateways and mediators in complex spatio -temporal systems .


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4633716/
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Lecture Example Institut

Scope
A Mathematical concepts determine a conceptual causal inference procedure
A A simple example accompanies our lecture
o will be extended when needed
0 you are invited to work in a personal notebook

Scenario: The causal relationships in a cooling house

Content
1. Introductionto R
2. Use Case Causal Inference
3. Causal Graphical Models ;hgﬁgr’;pig ;\gg”nggjggs
4. Conditional Independence Testing Uflacker, Huegle,
5. Constraint -based Causal Structure Learning Schmidt
6. Causal Inference on Causal Graphs Slide 14
7. Further Opportunities of Causal Structures



2. Causal Inference in Application
Jupyter Notebook

Causal Inference - Theory and Applications

In our lecture Causal Inference - Theory and Applications, we look at the mathematical concepts that build the basis of causal inference.

Causal Inference in Application

We now look how these concepts are applied on observational data to derive causal relationships and how to use the do-operator to receive an
estimation of the causal effect. In order to give you an overview on therelated procedure, this notebook gives a step by step approach in the context
of a simple cooling house example.

Table of Contents

1. Introduction to R
A. Getting Started
B. Some Examples
2. Use Case
A. Description
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Causal Inference
Theory and Applications
in Enterprise Computing

Uflacker, Huegle,
Schmidt
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2. Causal Inference in Application
Access Information

System

Procedure

1.
2.
3.

Login via LDAP (standard HPI credentials)
Send emailto christopher.schmidt@hpi.de

We copy you the Master Notebook into
your user space for you to work with

Adapt and work in your own notebooks

Let us know if you require new packages
or if anything does not work, as intended

File Edit View Run Kernel Tabs Settings Help

] + * c

© # > Causal Inference - Theory and Applications in Enterprise Computing S$S 2019
Name - Last Modified

£ [ Pictures 14 days ago

§ Y S T Y

Commands

Cell Tools

Tabs
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