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Project Overview

Problem

“‘Government As The Integrator”
(GATI) is now preferred approach

Incentives among contractors may
not align with program objectives

Poor contractor cooperation causes
delays, overruns, poor performance

Government is still learning how to
‘play” the “game” of GATI acquisition

Research builds on prior work in:
1. Joint Program dynamic modelling

2. Signaling game cybersecurity
modelling

3. Acquisition Archetypes

Solution

Align contractor incentives using
customized incentive mechanisms

Combine different incentive
mechanisms to be more effective

Contractors acting in their interests
also serves program interests

A Game-Theoretic Approach to Optimizing Behaviors in Acquisition

Approach

Describe & analyze GATI contractor
incentives using game theory

Use agent-based modelling to
guantify the game outcomes

Simulate incentive mechanisms in
context of a full acquisition program

Select the most promising
combinations of mechanisms

2017 Work: Interview acquisition
program staff to gather empirical data

Future Work: Pilot most promising
mechanisms and measure results
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Research Approach

Program Success
: Develop

naI o

e NMaaciira

Develop

e )
Signal @
Contractor 2

g?al

evssssssssssss

o.b-.........

Assist Reject

CO“”aCtor o Assist *‘

Incentive Solution

Corporate Success

Corporzﬁqécnm

The outcomes of the piloted
efforts can be measured in
terms of: 1) compliance with
program’s “Giver/Receiver”
list schedule, 2) EVM
performance and schedule
variance, 3) defect counts
from testing of that interface,
and 4) the number of
waivers/deviation requests
submitted for interface
issues.
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Incentive Mechanisms in Combination

Distinct types of incentives affect contractors differently—and the combined impact can be
more effective in influencing a range of contractors sufficiently to change their behavior.
Business: Future Business Incentives (appeal to High-Level Management)

« Example: Reputation Tracking: Reputational impacts affect future business
opportunities in the absence of award or incentive fee.

Money: Direct Financial Incentives (appeal to Project Management)

« Example: Truth-Revealing Incentive Mechanism (TRIM): A sliding CPIF fee
based on schedule (e.g., sooner completion, larger fee incentivizes early delivery.

« Example: Shared Destiny: All teams only receive as much award fee as the
worst team gets, so all are incentivized to help the poorest performing team.

Social: Team Networking Incentives (appeal to Project Teams)

OQO% « Example: Co-Location: Teams with greatest potential for poor cooperation are
& co-located (and kept badge-less) to foster communication and trust.

‘ Combine multiple incentives to align the contractor organization with the PMO, maximizing improvement
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Truth-Revealing Incentive Mechanism (TRIM)

Example: PMO wants to keep contractors working on the program, and not i
diverting resources toward other profitable activities '
The TRIM! mechanism has a sliding incentive fee for CPIF? contracts based |
on completion date (e.g., sooner completion, larger fee, with rapidly

diminishing (non-linear) returns—incentivizing early delivery.

Proft (Fee)

)
)
1
)
]

Minimum Target  Maximum Con
Allowable Cost  Cost Allowable Cost

Schedule shifts due to TRIM

Using a hybrid agent-based/system dynamics model of TRIM, ran 200 simulations of
contractor actions with randomized values from input distributions to determine the
distribution of key performance measures.

i Result: For a simulated 56-month/4.5-year program:
« With TRIM: only 6 of 200 runs fall below on-schedule (97% on schedule)
« Without TRIM: no runs are on schedule, and half the runs go more than a year over

Corrghetion Date | Morthe)

Mecnanism 1Truth-Revealing Incentive Mechanism [Coughlan 2010 2Cost-Plus Incentive Fee
W one UM
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Context:

PMO Systems
Engineering is
resource constrained
for doing integration.

Segment integration
goals aren’t consistent
with program goals—
view it locally, not
globally.

Segments see PMO
Systems Engineering
as ineffective—
although it isn’t.

A Game-Theoretic Approach to Optimizing Behaviors in Acquisition

Carnezie Viellon Universin
- © 2017 Carnegie Mellon University

[DISTRIBUTION STATEMENT A] Approved for public release and unlimited distribution.



Research Review 2017

Visualizing the Effects of Cooperation Incentives on Performance

Composite Program Performance!
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Visualizing the Effects of Cooperation Incentives on Performance

Composite Program Performance
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Acquisition Program Support Engagement Model

- Presentation Title . o
i :Etrl'“na]_rir. Welbom U niversiry A Game-Theoretic Approach to Optimizing Behaviors in Acquisition [DISTRIBUTION STATEMENTA dprsoyed for public release and unlimited distribution.
_ - © 2017 Carnegie Mellon University © 2017 Carnegie Mellon University 9
Software Engineering Institute nse. Distibion Satementtire]
&



Research Review 2017

m Evaluation of Model
Piloting Integrated Conformance and Acquisition Problem

Model with Mechanism Correctness of Pilot Mltlgatlon

Continuing Work
« Conduct interviews of acquisition program stakeholders, and collect feedback on game
theory-based model and candidate incentive mechanisms

Future Research

» Pilot incentive mechanisms on program to validate effect on contractor cooperation

Vision

« Develop a virtual acquisition modelling laboratory serving DoD acquisition programs to
help program managers make evidence-based decisions based on projected performance

Presentation Title
Carnersie Vellon Universin A Game-Theoretic Approach to Optimizing Behaviors in Acquisition [DISTRIBUTION STATEMENTa( d@rpoyed for public release and unlimited distribution.
¥ © 2017 Carnegie Mellon University © 2017 Carnegie Mellon University 10
(Insert Distribution Statement Here]



Research Review 2017

Contact Information

Presenter
William E. Novak
Senior Member of Technical Staff

Email: wen@sei.cmu.edu

Telephone: +1 412.268.5519

Contributors

Dr. William A. Casey
Julie B. Cohen
Andrew P. Moore

Dr. Bhubaneswar “Bud” Mishra
NYU Courant Institute

arnegie Viellon Universin

A Game-Theoretic Approach to Optimizing Behaviors in Acquisition [DISTRIBUTION STATEMENT A] Approved for public release and unlimited distribution.
© 2017 Carnegie Mellon University

11



Research Review 2017

Copyright 2017 Carnegie Mellon University. All Rights Reserved.

This material is based upon work funded and supported by the Department of Defense under Contract No. FA8702-15-D-0002 with Carnegie
Mellon University for the operation of the Software Engineering Institute, a federally funded research and development center.

The view, opinions, and/or findings contained in this material are those of the author(s) and should not be construed as an official
Government position, policy, or decision, unless designated by other documentation.

NO WARRANTY. THIS CARNEGIE MELLON UNIVERSITY AND SOFTWARE ENGINEERING INSTITUTE MATERIAL IS FURNISHED ON
AN "AS-IS" BASIS. CARNEGIE MELLON UNIVERSITY MAKES NO WARRANTIES OF ANY KIND, EITHER EXPRESSED OR IMPLIED, AS
TO ANY MATTER INCLUDING, BUT NOT LIMITED TO, WARRANTY OF FITNESS FOR PURPOSE OR MERCHANTABILITY,
EXCLUSIVITY, OR RESULTS OBTAINED FROM USE OF THE MATERIAL. CARNEGIE MELLON UNIVERSITY DOES NOT MAKE ANY
WARRANTY OF ANY KIND WITH RESPECT TO FREEDOM FROM PATENT, TRADEMARK, OR COPYRIGHT INFRINGEMENT.

[DISTRIBUTION STATEMENT A] This material has been approved for public release and unlimited distribution. Please see Copyright notice
for non-US Government use and distribution.

This material may be reproduced in its entirety, without modification, and freely distributed in written or electronic form without requesting
formal permission. Permission is required for any other use. Requests for permission should be directed to the Software Engineering
Institute at permission@sei.cmu.edu.

Carnegie Mellon® is registered in the U.S. Patent and Trademark Office by Carnegie Mellon University.

DM17-0778

{ arnecie Yiellon L niversin A Game-Theoretic Approach to Optimizing Behaviors in Acquisition [DISTRIBUTION STATEMENT A] Approved for public release and unlimited distribution.
t © 2017 Carnegie Mellon University

12



