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Outline

« What is causal learning and modeling,
and why do we care about It?

e Our technical approach
* Initial Results

e Conclusions
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Our Project: Bottom Line Up Front

N i 2

Goal Actionable intelligence

« Demonstrate the benefit of causal « Enhance program control of
modeling to the software cost software cost throughout the
domain development and sustainment

« Identify and quantify a causal Iifecycles
network of factors that drive  Inform “could/should cost” analysis
software effort and schedule and price negotiations

* Improve contract incentives for
software intensive programs

* Increase competition using effective
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Why do we care about causal modeling?

Proactively controlling software costs requires
knowing which of our “independent factors” actually
cause outcomes to change in a predictable manner.

Just as correlation may be fooled by
spurious association, so can regression

We must move beyond correlation to
causation, if we want to make use of
cause and effect relationships

Today, we can garner evidence of
causation without the expense and
challenge of conducting a
controlled experiment

Establishing causation with observational data remains a vital need and

a key technical challenge, but is becoming more feasible and practical.
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Significant Progress Toward Practicality

Sewall Wright Path Models (1920’s)
Structural Equation Models (1930’s)
Social Science Path Models (1960's)
Bayesian Networks (1980’s)
Pearl’s Probabilistic Reasoning (1988)
Glymour & Spirtes et al 1st Edition Book on Causality (1988)

Pearl’s 18t Edition Book on Causality (2000)

-4 - o : : : : : | :
1930 1980 1985 1990 1995 2000 2005 2010
. A
TETRAD — An Open Source Tool for Causal Learning Glymour & Spirtes et al 2% Edition Baok

on Causality (2001)

Carnegie Mellon University Morgan Counterfactuals &

http://www.phil.cmu.edu/tetrad/ Causality (2007)
Pearl’s 2"d Edition Book on
University of Pittsburgh Causality (2009)

http://www.ccd.pitt.edu/

Morgan Counterfactuals
& Causality (2014)

) ) Morgan Handbook
For video tutorials from 2016 summer short course:

Social Science Causal
http://www.ccd.pitt.edu/training/presentation-videos/ Inference (2014)
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http://www.phil.cmu.edu/tetrad/
http://www.ccd.pitt.edu/
http://www.ccd.pitt.edu/training/presentation-videos/

Basic Technical Approach

Causal Discovery Causal Model (DAG)
using Tetrad, which

implements a variety of o o
algorithms o

N~ Estimated Model (SEM)
Formulate Hypotheses
using domain ®\+651

~— N
N~

Prior Knowledge

Observational Data

knowledge and prior

scholar publication p )t —(y
+1.02
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Integrating Models

Compressed
Schedule Experience )i

(COCOMO Data ‘@
5 - o ——— oo .
Vendor 1 Data Om_p are

:Vendor 2 Data Tetrad

:Vendor 3 Data Learnmg

Compressed
Schedule A4
‘@ Integrate

:SRDR Data

N

'TSP/PSP Data ~ 60 unique

cost factors

W

(CSIAC Data

Compressed
Strength
15+ cost | |

relationships

to evaluate

Actionable Causal Models

Module Effort = f(factorl, factor2, factor3)
Module Post-Development Quality = g(factorl, factor4, factorb)
High-Reliability Module Cost = h(factor4, factor6, factor7)
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Example: PSM Performance Analysis Model

A familiar example of a causal model Technical Development

Adequacy Performance
Hard to find data sources to actually

) . Growth and
estimate the entire model ‘ Stability I\
- Resources
Consequently harder to empirically and S
establish the causal relationships
Schedule and
- Progress

Causal modeling methods allow for ™

the integration of partial models ‘Customer I I Product I
Satisfaction Quality

Opportunity for empirical support and

refinement
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Initial SRDR—

Final SRDR

Explaining Final Effort and Duration (Initial Results)?
;81 pairs of matched initial-final SRDR reports reduced to 134 (complete Req...INT data).
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Explaining Final Effort and Duration?
Both this chart and previous analyzed with PC algorithm with Alpha set to .001.
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What Do These Initial Results Suggest?

Effort estimates for Req, Arch, Code, INT directly influence effort actuals.
* Not so for Duration
There are other cases where estimates of an attribute do not directly
iInfluence actuals for that attribute, suggesting challenges to estimation.
Total effort actual
* may be directly influenced by Req effort and Code effort actuals
 not directly influenced by Arch effort actual
o directly influences INT effort actual (after accounting for influence of
Initial INT effort estimate). Evidence of effort compression?
Cautions

* Double-headed edges suggest unmeasured confounders (factors that
are a common cause of factors connected by the edge).

* Undirected edges suggest insufficient data.
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Explaining Size and Defect Density — Need to Drill Deeper?

Data from 975 programmers during PSP training
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Conclusions

L\ N W 2 e 7 AR

Causal learning: Causal models:

» has come of age from both a  help separate true causes from
theoretical and practical tooling spuriously-correlated factors
standpoint « help identify when unknown

* may be performed on data causes may likely exist
whether it be derived from « lend themselves to actionable
experimentation or passive intelligence better than models
observation based on correlation

e T, VR QR R T R R T T T W

We welcome collaborators interested in using

these methods and tools.
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Contact Information

Points of Contact U.S. Malil

Software Engineering Institute
Robert Stoddard Customer Relations
sttt LA 4500 Fifth Avenue
Mike Konrad Pittsburgh, PA 15213-2612, USA
mdk@sei.cmu.edu

Web

Dave Zubrow _
dz@sei.cmu.edu www.sei.cmu.edu

www.sei.cmu.edu/contact.cfm

William Nichols
wrn@sei.cmu.edu

Customer Relations

David Danks Email: info@sei.cmu.edu

e Telephone: +1 412-268-5800
Kun Zhang SEIl Phone: +1 412-268-5800
kunzl@cmu.edu SEl Fax: +1 412-268-6257
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