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MODA Example Projects

• This presentation illustrates the usage of the Multiple-Objective Decision Analysis 
(MODA) process in two Unmanned Aerial Vehicle (UAV) Studies described in
• Cilli, M. (2016) Improving Defense Acquisition Outcomes Using an Integrated Systems 

Engineering Decision Management (ISEDM) Approach, https://www.researchgate.net/publication/XXX

• Small, C. (2018) Demonstrating Set-Based Design Techniques – A UAV Case study, 
https://www.researchgate.net/publication/XXX

• First, the two different UAV Studies are briefly summarized
• The two studies differ primarily in the Value Hierarchy developed for each study

• Which then, of course, affected the remainder of the analysis

• Then, a summary of the MODA process is presented

• Finally, example artifacts from the two studies are used as illustrations of the 
kinds of artifacts that might be generated in a typical MODA study

• The purpose is to give students an idea of
• The kinds of artifacts that are generated in a typical MODA study

• What kind of data is needed to generate the artifacts and support the study

• How data in the artifacts is arranged (how the artifacts look)

• How the artifacts fit into the MODA process
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Comparison of Qualitative Models
between the Two Studies
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Comparison of Value Hierarchies

www.jgartus.net© Copyright 2022 John G. Artus 4

Cilli Study

Small Study

The two studies employed 

different value hierarchies, 

even though the general 

system mission was similar
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Comparison of Value Measures

Cilli Study

ISR – Intelligence, Surveillance, and Reconnaissance

TTP – Targeting Task Performance

NV-IPM – Night Vision Integrated Performance Model

C2 – Command and Control

BLOS – Beyond Line of Sight

Small Study

Ce Transportable

Be Transportable

Maneuver to, Scan Across, and Dwell at Area of Interest

Be Survivable

Avoid Friendly Helicopter Airspace

Detect Enemy Activity

(lbs.)

(Mins.)

[0.0 – 1.0]

[0.0 – 1.0]

[0.0 – 1.0]

[0.0 – 1.0]

(Mtrs.)
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Dwell time (Mins.)

UAS – Unmanned Aerial System

SUAV - Small Unmanned Aerial Vehicles



Summary of the MODA Process
as described in Cilli Study
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Cilli Study MODA Process Overview

1. Develop Value (Objectives) 
Hierarchy

2. Develop Alternatives

3. Incorporate Value Hierarchy and 
Alternatives into Assessment 
Flow Diagram

4. Develop Measure Scorecard

5. Develop Value Functions 

6. Apply Value Functions to Measure 
Scorecard to produce Value 
Scorecard

7. Develop Weights

8. Apply Weights to Value Scorecard 
to produce Value Scatterplot
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Uncertainty is not covered in this lecture due to time constraints



Artifacts that Might be Generated
in a Typical MODA Study
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Develop Value (Objective) Hierarchy

• As seen in previous chart for Cilli Study…
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Cilli Study MODA Process Overview



Cilli Study MODA Process Overview

Develop Alternatives

• In the Cilli Study, the options considered for each system 
element were identified

• Here, for the Air Vehicle
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Develop Alternatives (continued)

• In the Cilli Study, the options considered for each system 
element were identified, here for the

• ISR Collecting Payload

• Communication Links

• Ground Elements
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Cilli Study MODA Process Overview



Develop Alternatives (continued)

The identification of system element options led to the 
development of the 12 study alternatives
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Cilli Study MODA Process Overview



Develop Alternatives (continued)

The identification of system element options led to the 
development of the 12 study alternatives
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Cilli Study MODA Process Overview



Develop Alternatives (continued)

The identification of system element options led to the 
development of the 12 study alternatives
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Cilli Study MODA Process Overview



Cilli Study MODA Process Overview
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Incorporate Value Hierarchy and Alternatives into 
Assessment Flow Diagram

Alternative Component Configurations

Value Hierarchy

The purpose here is to show how each 

system component contributes to the 

assessment of value measures

This Assessment Flow Diagram comes 

from the Small Study* Uncertainty is not covered in this lecture due to time constraints

*

Model-Based Systems 

Engineering (MBSE), 

Lab Testing, Field 

Testing, Operational 

Data, etc, are used 

to determine the 

performance of the 

system under each 

possible component 

configuration 



Cilli Study MODA Process Overview
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Develop Measure Scorecard

These are the value measures 

from the Cilli Study by which the 

alternatives will be measured



Cilli Study MODA Process Overview
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Develop Measure Scorecard

SMEs determine the 

value scores for each 

configuration for each 

value measure

Scores for all Alternatives vs all Value Measures

Value

Measures

Score for Alternative 10 

against value measure 

Life Cycle Cost



Cilli Study MODA Process Overview

www.jgartus.net© Copyright 2022 John G. Artus 18

Develop Value Functions

Values

(0-100)

Y-Axis of

Value Function

Used in all

Value 

Functions

Value Function for each Value Measure

Value Scores

X-Axis of

Value Function

Used in each Individual 

Value Measure

Value

Measures



Cilli Study MODA Process Overview
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Develop Value Functions (continued)

These are the resulting value 

functions from the Cilli Study

One for each value measure



Cilli Study MODA Process Overview
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Apply Value Functions to Measure Scorecard
to produce Value Scorecard

These are the resulting values

They are determined by using 

the value functions for each 

value measure to convert the 

value scores to values (0-100)

One value for each alternative 

for each value measure

Values for all Alternatives vs all Value Measures

Value

Measures

Value for Alternative 10 

against value measure 

Life Cycle Cost



Cilli Study MODA Process Overview
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Develop Weights

Swing Weight Matrix from Small Study
Weight Importance
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Raw Weights Normalized Weights

All normalized weights must sum to 1



Cilli Study MODA Process Overview
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Develop Weights (continued)

Normalized Weights from Cilli Study

All normalized weights must sum to 1



Cilli Study MODA Process Overview
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Apply Weights to Value Scorecard
to produce Value Scatterplot

Value Scatterplot from Cilli Study

* Uncertainty bars are not shown here since uncertainty is not covered in this lecture due to time constraints

This is the final product of the MODA Study

This is produced by using the Additive Value Function to come up 

with a final value for each alternative

The alternatives are plotted using their final values versus cost to 

determine which alternative has the best value for the least cost
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