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Multiagent Systems

• Agents

• Autonomy

• Intelligence

• Cooperative/Competive (Communication)

• Framework: Agent-Based Modeling and Simulation (ABMS)

• Project: Urban Air Mobility
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Reaction-Diffusion
Cell-Level Agents
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https://www.youtube.com/watch?v=alH3yc6tX98

https://www.youtube.com/watch?v=alH3yc6tX98
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http://www.globalstewards.org/murmurations.htm

Flocking Agents

http://www.globalstewards.org/murmurations.htm


and, Hollywood!
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https://www.youtube.com/watch?v=FrqGY6sJpck

https://www.youtube.com/watch?v=FrqGY6sJpck


We’ll study: What is?

• An agent

• Autonomy

• Intelligence

• Communication

• Emergent Behavior

• Learning

• …
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CS 6380: Logistics

http://www.cs.utah.edu/~tch/CS6380S2020/
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http://www.cs.utah.edu/~tch/CS6380S2020/


CS 6380: Logistics
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Also, look at Canvas files:

Discussion of what an agent is

Discussion of what an agent is

AI Text; lots on agents

Turing’s reaction-diffusion paper

Discussion of flocking
ABMS sensitivity analysis, etc.

Discussion of confidence intervals



CS 6380 Expectations

• You should have studied the assigned material before we cover it

• You must be able to develop Matlab implementations

• You are part of a learning team and should add value to the effort

• We may produce publishable results (through the project work)

• If you need help:
• Ask questions in class

• Send email

• Arrange appointments
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CS6380 Strategy

• Learning is organized around assignments
• Start early

• Iterate

• You may send me solutions for review before the due date (this includes Lab 
Reports)

• Specifications may be loose; part of the evaluation is how well you make 
decisions on how to proceed – assumptions, what to measure and how, 
statistical framework, etc.

• One skill we aim to acquire is to convert mathematical or formal descriptions 
of processes into Matlab code that captures the semantics of the model
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CS6380 Lab Reports

• Lab Reports
• View lab report as a draft paper for submission for publication

http://www.cs.utah.edu/~tch/CS6380S2020/resources/lab-report-format

• Important grading criteria given here:

http://www.cs.utah.edu/~tch/CS6380S2020/resources/lab-criteria.pdf

• Latex source here

http://www.cs.utah.edu/~tch/CS6380S2020/resources/sample-lab-report/

• You may submit them early for feedback
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http://www.cs.utah.edu/~tch/CS6380S2020/resources/lab-report-format
http://www.cs.utah.edu/~tch/CS6380S2020/resources/lab-criteria.pdf
http://www.cs.utah.edu/~tch/CS6380S2020/resources/sample-lab-report/


Project Domain:
Urban Air Mobility

• The Utah Department of Transportation is looking to set up a way for 
thousands of Unmanned Aircraft Systems (UAS) to deliver packages, 
etc. over the Salt Lake Valley in the not too distant future.

• We are working on that with them.

• This involves a number of agents:
• UAS

• UAS Service Suppliers (USS)

• Flight Reservation Systems

• Flight Monitoring Systems

• Supplemental Data Service Providers
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Project Domain:
Urban Air Mobility
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The
Simulation

System

UAS
Monitoring

System



UAM: A Lane-Based Approach
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Lanes

UAS

UAM
System



UTM Components (Agents)
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Monitoring



Agents
(is-it-an-agent-Franklin.pdf)

Versions of agent characterization:
• Autonomous
• Domain oriented reasoning

• Perceives environment through sensors
• Acts on environment through effectors (actuators)

• Inhabit complex and dynamic world
• Autonomous
• Realizes set of goals or tasks
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Agents
(is-it-an-agent-Franklin.pdf)

• Persistent

• Autonomy

• Social ability (communicates)

• Reactivity

• Pro-activeness

• Acts in real-world
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Agents
(is-it-an-agent-Franklin.pdf)

Autonomous agent: 

situated within and part of an environment

senses the environment

acts on the environment (over time)

pursues own agenda through actions

affects what it senses in the future.
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Agents
(Wooldridge-chapter2.pdf)

Agent: 

computer system

situated in some environment

capable of autonomous action in the environment

to meet its design objectives.
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Agents
(Wooldridge-chapter2.pdf)
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Agents
(Wooldridge-chapter2.pdf)
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Agent Environment



Agents
(Wooldridge-chapter2.pdf)
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Intelligent Agent



Agents
(Wooldridge-chapter2.pdf)
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Multiagent Systems



Agents
(Wooldridge-chapter2.pdf)
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Abstract Architectures for Agents

𝑬 = {𝒆, 𝒆′, … }Environment States:

Actions: Ac = {𝜶, 𝜶′, … }

A run:



Agents
(Wooldridge-chapter2.pdf)
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Actions and Percepts for Agents

𝑨𝒈 ∶ 𝑬 → 𝑨𝒄

Percepts function: 𝒔𝒆𝒆 ∶ 𝑬 → 𝑷𝒆𝒓

Action function: 𝒂𝒄𝒕𝒊𝒐𝒏 ∶ 𝑷𝒆𝒓∗ → 𝑨𝒄

Next state function: 𝒏𝒆𝒙𝒕 ∶ 𝑰 × 𝑷𝒆𝒓 → 𝑰



Agents
(Wooldridge-chapter2.pdf)
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Agents: Matlab functions

function action = CS6380_UAS1(percept)

%      → usually put full header

% if percept is 1, path is clear then go (return 1); else stop (return 0)

if percept==1

action = 1;

else

action = 0;

end
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Agents: persistent state
function action = CS6380_UAS1(percept)

%      → usually put full header

% always go forward first time into function

% if percept is 1, path is clear then go (return 1); else stop (return 0)

persistent first

action = 0;

if isempty(first)

action = 1;

first = 0;

return

end

if percept==1

action = 1;

end
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Agent Based Modeling and Simulation
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The World

Formulate Question

Assemble Hypotheses

Choose Model
Structure

Implement Model

Analyze Model

patterns

patterns

Validation

Verification



ABMS
• What local variables should be monitored?

• What global variables (patterns) should be monitored?

• How sensitive are global patterns to parameters?

• What role does uncertainty play in the input/output parameters?

• What structure is important to emergent pattern robustness?

➔Sensitivity Analysis: explores how small changes to input parameters 
impact emergent patterns
➔Needs full version of model
➔ reference parameter set
➔ one or two key outputs indicating behavior
➔ controlled simulation

➔Uncertainty Analysis: how uncertainty (variance) in output related to 
uncertainty in input

➔Robustness Analysis: How output patterns change with structural changes
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Assignment A1: RD

http://www.cs.utah.edu/%7Etch/CS6380S2020/problems/A1/A1.pdf
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http://www.cs.utah.edu/~tch/CS6380S2020/problems/A1/A1.pdf


Turing Reaction-Diffusion Patterns

Formula:
diffusion

reaction



Simple Scenario
(from Turing’s 1952 paper)

A set of neighboring cells, each cell runs reaction 
and diffuses to neighbors

…

Diffusion

Reaction

In Cell



Consider Circular Layout

Cell

Diffuses to

neighbors

If layout is regular

and topology correct,

then pattern forms

as desired
If not …



No error in placement



Reaction-Diffusion Code:
Initialize
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Reaction-Diffusion Code:
Run Process
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𝜕𝑎

𝜕𝑡
= 0.0625 16 − 𝑎𝑖 ∗ 𝑏𝑖 + 0.25(𝑎𝑖−1+𝑎𝑖+1 − 2𝑎𝑖)

𝜕𝑏

𝜕𝑡
= 0.0625 𝑎𝑖 ∗ 𝑏𝑖 − 𝑏𝑖 − 𝛽𝑖 + 0.0625(𝑏𝑖−1+𝑏𝑖+1 − 2𝑏𝑖)

}



RD Process (60 cells)

CS6380 MAS 39



CS6380 MAS 40

# stripes: 10

# stripes: 10

# stripes: 10



Topology vs. Metrology

• RD patterns form:
• at the cell level

• NOT wrt a fixed coordinate 
frame

• Do not compute the actual 
Laplacian: there’s no 
continuous function

Coordinate

Frames



Topological Issues

• Network connectivity impacted by 
communication properties
• RD computation based on neighbors

• Do not use location or distance

• Pattern impacted by neighborhood relations
• Will pattern form? (Frequency?)

• Rate of convergence?

• Etc.



Turing R-D for 2D Spots 







RD Sensor MoteTesting Layout



Zhu and Mumford
R-D Camouflage

Tree branches

are removed by

simulating texture

of background using

reaction-diffusion

process.



Sensitivity, Uncertainty & Robustness
Analysis

• Are observed patterns produced robustly?
• How sensitive to model parameters and structure?

• How uncertain are the results?
• Given the same parameters, how much variation is there in the observed

result?

• Usually the result of random variation in the process
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Sensitivity, Uncertainty & Robustness
Analysis (cont’d)

• Sensitivity Analysis: sensitivity to model parameters
• Consider model:

𝑓 𝑥 = 𝑎

• How does small parameter change impact model:

𝑓 𝑥 = 𝑎 + 𝑠𝑎 𝑤ℎ𝑒𝑟𝑒 𝑠 𝑖𝑠 𝑠𝑚𝑎𝑙𝑙

𝛿𝑓

𝛿𝑎
= 1 + 𝑠 (𝑙𝑖𝑛𝑒𝑎𝑟 𝑖𝑛 𝑐ℎ𝑎𝑛𝑔𝑒)
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Sensitivity, Uncertainty & Robustness
Analysis (cont’d)

• Uncertainty Analysis: sensitivity to uncertainty in the variables
• Consider model:

𝑓 𝑥 = 𝑥

• How does uncertainty (assume Gaussian) in variable impact model:
𝑥~𝑁 0, 𝜎2 → 𝑓 𝑥 ~𝑁 0, 𝜎2

• But more complicated models make analysis difficult
• E.g., when determining a line from 2 points, both with Gaussian noise, what is the 

uncertainty in the recovered line normal?
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Sampled Endpoints

Normal Directions

𝜽 𝑯𝒊𝒔𝒕𝒐𝒈𝒓𝒂𝒎



Flocking
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Flocking
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Initial State Step 50 Step 100

Issues: 
delta (0.05)
number of neighbors (3)

Otherwise:

different results!



Flocking Example
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Agents: Russell & Norvig
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Agents: Russell & Norvig
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Agents: Russell & Norvig
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Agents: Russell & Norvig
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Agents: Russell & Norvig
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Agents: Russell & Norvig
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Agents: Russell & Norvig
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