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New York Times Article:  

“What you Really Need to Know”  

 

“In an earlier era, when many people were involved in surveying 

land, it made sense to require that almost every student entering 

a top college know something of trigonometry. 

  

Today, a basic grounding in probability, statistics, and  

decision analysis makes far more sense.” 
 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.nytimes.com/2014/01/22/education/edlife/the-21st-century-

education.html?_r=3&scp=1&sq=Larry%20Summers,%20education&st=cse 

Larry Summers 
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New York Times Article   

by Larry Summers   

“I got hooked” 

Larry Summers 



Using Decision Trees in Space 

Decisions  

46 Years Later …..  



 



 



 

Time 

Constraints  



NASA’s Mission Objectives? 

Stakeholders? 

Who are the stakeholders?  

Possible private  

investors ! 

Ability to deflect 

Asteroid for  

planetary 

protection 

Public Perception 

Money 

 

Advance Science 

Public Perception  

Work toward long term  

objectives 

Safety of crew 

Safety of planet 



Uncertainty?  

With sensitivity analysis, we showed that 

improving probability of capture will add 

significant value to the space mission.   

 

It will help with  

 

*Positive Public Perception/Awareness  

*Advance Science ( Return with rich Asteroid)    

*Funding Approval (Money) 

*Safety of Crew 

*Allow more time for observing/ C/C 

*Allow more time for deflection 

 

 

Generic Decision Tree for 1 Alternative  

February 2nd 2014 

Probability of Capture  

Worth more than $50 million radar.   



Email from my student 



http://www.nbcnews.com/science/space/nasa-wants-6-million-worth-ideas-grabbing-

asteroid-n58946 

March 21st  

2014 



Decisions with Multiple Objectives 



Control of Unmanned Aerial Systems 

(UAS) using Multiattribute Utility Theory 

37 Years Later …..  



Real-Time UAS Decision Making   

Control Dynamics for Agents 

 

 

 

Multiple Attributes  

• Surveillance 

• Collision avoidance  

• Tracking   

Valicka, C., D. Stipanovic, and A.E. Abbas, "Multiattribute Utility Functions for Multiobjective Control," Proceedings of the 2013 American Control Conference, 

Washington, District of Columbia, June 17-19, 2013. 

Valika C, Stipanovic D, and A.E.Abbas, 2015 "Control Strategies for Players in Pursuit-Evasion Games Based On Their Preferences," “International Game 

Theory Review” (Forthcoming) 

How do we derive real-time decision making algorithms for unmanned aerial systems  

(UAS) to meet these objectives?  

 

Control-theoretic algorithms require an appropriate Lyapunov function with  

certain properties. Can be hard to find and hard to solve, even when found.  



Real-Time UAS Decision Making   

Multiple Attributes  

• Surveillance 

• Collision avoidance  

• Tracking   
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Inspired by the additive and multiplicative forms 

Most general form of a mutliattribute utility function satisfying additive ordinal preferences  

Has a meaningful interpretation for its assessment 

Abbas, A. E. 2009. Multiattribute Utility Copulas. Operations Research, 57 (6), 1367-1383.. 

Abbas, A. E. and Z. Sun. 2015. Multiattribute Utility functions satisfying Mutual Preferential Independence. Operations Research, 63(2), 378 – 393.   



Real-Time UAS Decision Making   

Control Dynamics for Agents 

 

 

 

Multiple Attributes  

• Surveillance 

• Collision avoidance  

• Tracking   

Multiattribute Utility functions with mutual 

preferential independence can be used in 

Lyapunov-like functions for control of agents 

pursuing multiple objectives. 

 

The multiattribute utility function can be 

assessed in a meaningful way instead of having 

to search for the Lyapunov function.  

 

Closed form expression for the control laws 

makes the problem feasible for real-time 

decisions. 
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Tracking and Collision Avoidance  

Tracking Collision Avoidance  

A 
B 

Surveillance 

2 2 2ˆ( , ) max{0, } .p p p p p
ij i j i j ijv x x x x R  ‖ ‖

By this we mean that the vehicles’ sensors have 

footprints whose union is much smaller than the  

area to be covered. Thus they have to move  

around to survey the most amount of space in  

the given domain. 



A Great Success Story for  

Decision Analysis  

http://www.youtube.com/watch?v=JRCxZA6ay3M&lr=1&uid=75HjFw2U3ipbrDj3ara7bg  

http://www.youtube.com/watch?v=JRCxZA6ay3M&lr=1&uid=75HjFw2U3ipbrDj3ara7bg


The Raiffa-Howard Award  

http://www.youtube.com/watch?v=JRCxZA6ay3M&lr=1&uid=75HjFw2U3ipbrDj3ara7bg  

http://www.youtube.com/watch?v=JRCxZA6ay3M&lr=1&uid=75HjFw2U3ipbrDj3ara7bg


There is still work that needs to be done  

Decision analysts need to continue to work more closely with other fields! 



Decisions in Medicine  



Decisions in Systems Engineering  

 

 

 

 

 

 

 
• Systems Engineering Community  

– Have many misconceptions about decision analysis  

– Would embrace the opportunity to learn and work with decision analysts.  

• Better understanding of value functions and structural models is needed.  



Approximate vs. Fundamentally Flawed  

Decision Making Method  



Example 1  

Automobile Design with Customer Feedback  

( Based on a True Story)  



Project Design Using Customer Feedback 

An automobile company was interested in  

designing its new automobile in the early  

2000s.  
 

It considered three design 

elements 

 

• Number of cylinders (4/6) 

• Size (small/medium) 

• Transmission type (manual/auto) 



 

They received feedback  

from three major  

categories of customers.  

The company conducted a survey 



Customer Feedback:  

Group A : Family Sedan Folk 
 

Size: Strongly prefers medium size car to small.  

They will not buy a small car.  

 

Transmission: Prefers automatic transmission to  manual  

(but might buy the manual). 

 

Engine: Prefers 6 cylinders to 4  

(but might buy 4).  



Customer Feedback:  

Group B: Sports Folk 

 
Size: Prefers small size to medium.  

( but might buy a medium car)  

 

Transmission: Strongly prefers  

manual to automatic transmission. 

(they will not buy automatic). 

 

Engine: They prefer 6 cylinders to 4  

(but might buy 4).  

 



Customer Feedback:  

Group C : Big City Folk 

 
Size: Prefers small size to medium.  

( but might buy a medium car)  

 

Transmission: Prefer  

automatic transmission to manual. 

(but might buy manual). 

 

Engine: Strongly prefer 4 cylinders to 6  

(they will not buy 6).  

 



Summary of Customer Feedback 

Small Car Medium 

Car 

Auto Manual  6 

Cylinders 

4 

Cylinder

s 

Results Group A will 

not buy it,  

 

Groups B,C  

prefer it 

Group B will 

not buy it, 

  

Groups A, C  

prefer it 

Group C will 

not buy it,  

 

Groups A, B  

prefer it 



Summary of Customer Feedback 

Final design:  

 

A small car.   

 

Automatic transmission.   

 

6 cylinder engine.   

Small Car Medium 

Car 

Auto Manual  6 

Cylinders 

4 

Cylinder

s 

Results Group A will 

not buy it,  

 

Groups B,C  

prefer it 

Group B will 

not buy it, 

  

Groups A, C  

prefer it 

Group C will 

not buy it,  

 

Groups A, B  

prefer it 



Project Design Using Customer Feedback 

Final design  

 

A small car.   

Automatic transmission.   

6 cylinder engine.   
 

 

Group A will not buy it because of its size.  

Group B will not buy it because of its transmission. 

Group C will not buy it because of the cylinders in the engine. 

 

The company designed a car that nobody 

would buy!!! 
 

 



And the list of methods goes on… 

Quality Functional Deployment  

Six Sigma  

Design by requirements  

.. 



There is still work that needs to be done  

Decision analysts need to reach out to senior leadership  

in enterprises and the government  to gain further support 



Obama Signs Executive Order  

• “Behavioral science insights— 

research insights about how 

people make decisions —not 

only identify aspects of 

programs that can act as 

barriers to engagement, but 

also provide policymakers with 

insight into how those barriers 

can be removed through 

commonsense steps, such as 

simplifying communications 

and making choices more 

clear.”  

• “When these insights are used 

to improve government, the 

returns can be significant.”  

 

https://www.whitehouse.gov/the-

press-office/2015/09/15/fact-sheet-

president-obama-signs-executive-

order-white-house-announces 

Barack Obama, September 15, 2015 



Getting Senior Leadership Involved 



Large Enterprises Adopting a Unity of 

Effort Approach 

• What does unity of effort 

mean for decision making?  
A Decision Analysis View of Unity of Effort:  

 

“Unity of Effort” does not mean that all 

components should do the same things. The 

nature of their work is different. It means, that 

when faced with the same decision 

alternatives, the different components should 

make the same decisions”. 
Conversation with Jeh Johnson, 

United States Secretary of Homeland Security   

Be clear about trade-offs  

Use a coherent decision-making method 

… 



The Very Near Future .. 



Decision Making and Artificial Intelligence  



The Ethics of Robotics  

With great powers.. 

Comes great responsibility! 



Decisions and Ethics  

 

New York Times, July 2015  



Decisions with Large Data Sets 



Decisions and Ethics :  

Data, Privacy, and Security  

With great powers comes great responsibility! 



While the field of decision analysis will be  

Manifested in a variety of different  

fields in the very near future, … 



The Foundations will Remain the Same!   



Thank You ! 


