
AGENT BASED SIMULATION
EXPLORING THOUGHT EXPERIMENTS

Vivek Balaraman

Summer School for Representation in 

AI, July 2017

Vivek.Balaraman [AT] tcs [DOT] com



2

Á Urban areas are rarely well mixed demography wise 

(ethnicity, race, religion, language, profession, é)

Á Many are ghettos where one grouping dominates

Á But why do ghettos form even in seemingly cosmopolitan 

societies?

Á Thomas Schelling hypothesized that people like to have a 

moderate %age T of neighbours to be like them

Á He wondered what would happen a family who found that 

the %age around them was less than T decided to move to 

another location where this condition would be satisfied.

Chinatown, Kolkata

Little India, Singapore

Why do ghettos form?
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Á Each agent here acts selfishly, acts locally ðshe likes it she stays, if not she moves

Á At a global level, ghettos form

Segregation model
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One simple rule

For each agent in population {

If the %age of neighbours who are like them is < T%

Then move

}

Simple rules can lead to complex emergent behaviour

Segregation rule(s)

Schelling won the Nobel Prize for 
Economics in 2005
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To appreciate the value of simulation as a research methodology, it pays 
to think of it as a new way of conducting scientific research. Simulation as 
a way of doing science can be contrasted with the two standard methods 
of induction and deduction. 
é..
Simulation is a third way of doing science. Like deduction, it starts with a
set of explicit assumptions. But unlike deduction, it does not prove
theorems. Instead, a simulation generates data that can be analyzed
inductively . Unlike typical induction, however, the simulated data comes
from a rigorously specified set of rules rather than direct measurement of
the real world .
é..
Simulation is a way of doing thought experiments

Robert Axelrod

Axelrod being awarded the 
National Science Medal by 
Barrack Obama
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Simulation

Real World System
Why does X happen?
What will happen if é?

Simulation System

A simulation system is built primarily to either understand the workings of a
complex system whose dynamics and state can be measured or observed only in
limited ways or to do thought experiments about a hypothetical system which either
does not exist or indeed cannot
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Å Peopleõs behaviour is complex and difficult to know the implications of 

individual action at the level of a population

Å ABS provides a realistic virtual theatres to generate micro dynamics 

leading to macro outcomes

Å Filled with ôrealisticõ correlates of people called Agents

Å Examples of agents

Å Employees , Customers, Investors, Car drivers, Manager, Borrowers, 

Å Agents have behaviour

Å can learn, evolve, reason,é

Å can make friends, purchase a product, pass on information to another agent, 

Å Can be used to understand as-is system, or hypothetical worlds

Å Goals of simulation are usually macro level metrics

Å Attrition, Productivity, Footfalls, Loan defaults, Traffic choke points, SLA, é.

Agent based simulation
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Å Agents have autonomy: capacity to take decisions, do actions without 

being ôcontrolledõ by a central authority

Å Agents have ôhuman likeõ behaviour: they can shop, drink, open an 

account, é

Å Agents communicate with other agents and the world: they can ôtalkõ to 

other agents, they can listen to A and not listen to B, they can modulate 

their communication depending upon who is being communicated to

Å Agents can learn / evolve / copy: their behaviour can change over time 

based on their ôexperiencesõ and interactions with other agents. An agent 

who sees another agent use a certain strategy may mimic that behaviour

Å Agents act locally leading to emergent behaviour at a macro level. A car-

driver -agent may double park in order to pick up groceries, leading to a 

traffic jam at the level of several junctions.

Agent based simulation ςProperties of agents
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Å The World

Å Form, topology: a room, an office, a road network, 

Å Physical / virtual: can be a correlate of a physical system or a virtual 

network of networks

Å Behaviour: the things that happen in the world. Traffic lights driven by 

a schedule, a fire may break out, the shop may open at 10:00 AM

Å Agents:

Å Type: Usually more than one type of agent in every simulation. 

Shopper / Shopper -friend / Salesman, Prey ðpredator, é

Å Behaviour for each type of entity

Å And outside the fish tank

Å The outcomes of interest: Footfalls in stores, mean time to destination, ..

Components of an agent world
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Since ABS are programmable environments, agents could of course be made to do 
anything but here are a few of the things agents do in their virtual worlds

Å Perceive the world

Å Status at oneõs location: If agent is on a food tile then collect food

Å Observe in oneõs neighbourhood: If X% of neighbours are not like you then move

Å Search in oneõs neighbourhood<X>: Look for a cab in field of vision upto a depth of <X>

Å Decide what to do

Å Agent Y is violating a norm, decide if agent is to be punished

Å Workload has increased, decide if coding-agents should be asked to work for more hours or if 
coding-agents on the bench should be used

Å Communicate

Å Send agent-23 a message

Å Ask agent-42 for information on status

Å Do / execute

Å Take left at the intersection

Å Code for 2 hours at a certain individual productivity

Å Buy 1 unit of milk at retail store

Sample things agents in agent based worlds can do



11

Å Multi -agents are focused on being intermediaries who will do things / take decisions 

with some measure of intelligence, individual, social, economic é

Å Agents in ABS particularly where agents are humans are generally focused not on 

tasks, this is a side effect but on how their behaviour in doing tasks is impacted by 

various factors

Å Multi -agents are Elves in a Potter universe, doing things which no Witch, Wizard or 

even Muggle wants to do or can do well

Å Agents in ABS are virtual rats in experiments

Differences between Multi-agents and ABS
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Å The process is at the heart of DES, the entities are mere fodder to the process

Å Entities get ôprocessedõ by various servers in a kind of Auschwitzian way

Å Entities in DES have no behaviour

Å Leave alone autonomy, learning, evolution etc

Å Generally used for classical capacity planning exercises such as

Å How many counters need to be open at the bank so queue length < 10

Å How many additional high end servers does the ecommerce vendor need to deal with the 

Black Friday demand surge?

Å The two, DES and ABS are in fact complementary and increasingly used in hybrid 

systems

Å E.g: How many counters at the bank where the people waiting in queue actually behave like 

persons, they may jump lines, quit, even make a scene J

Differences between Discrete Event Simulation and ABS
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Á Kiss Club, Santa Maria, Brazil

Á 20 meters x 32 meters space

Á Single exit ðjust 3 meters wide

Á At other end stage

Á 1300 people were crammed inside

Á Performers did pyrotechnics, place caught fire

Á Smoke added to the panic

Á False exit ðpeople tried to get out through bathroom

Á Panic led to stampede, exit area got blocked

Á Over 200 people died Narrow Entrance

Inside the Club, Just before fire

Crowd behaviour in an emergency
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Models of crowd behaviour

Á Well studied problem

Á Two approaches

Á Individual as physical particle in a flow 
(Helbing, Burstedde and others)

Very little individual initiative

Individuals have no ôbehaviourõ

Counter intuitive but correct result on pillar

Á Individual as decision making entity

Individual has initiative

Individual has behaviour

Affected by group

More suitable for emergency situations

See next slide for an ôemotionalõ model
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ABS simulation model ςlevels of fear and levels of behaviour
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Types of Agent Based Systems

Population Size
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Å Dominated by Social Scientists
Å Simple models to understand some social 

phenomenon or behaviour
ÅtǳǊŜ ΨǿƘŀǘ-ƛŦǎΩ
Å9ΦƎΥ !ȄŜƭǊƻŘΩǎ ƴƻǊƳ ŎƻƳǇƭƛŀƴŎŜ ƳƻŘŜƭΣ 
{ŎƘŜƭƭƛƴƎΩǎ ƳƻŘŜƭΣ 9ǇǎǘŜƛƴǎ ǘƘƻǳƎƘǘƭŜǎǎ ƳƻŘŜƭ

Å Dominated by computer / data scientists
Å Used for strategic / tactical decision making
Å Very large populations, real data 
Å Simple agent behaviour ςǘǳǊƴ ƭŜŦǘ ŀǘ ǎƛƎƴŀƭΣ Χ
Å E.g: Urban transport simulation, Pandemic 

spread in populations, Emergency evacuation

ÅMulti-disciplinary: behavioural + computational
ÅMultiple dimensions of behaviour: cognitive, 

psychological, physiological, social
Å Richer / deeper agent models
Å E.g: social capital of workgroups, information 

transmission in village soc n/ws

Very Large Scale ModelsMinimalist Models

Behavior Rich Models



17

Minimalist Systems
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Axelrod: The establishment of norms using an 
evolutionary approach
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Norms

Á Norms definitions:

òThe rules that a group uses for appropriate and inappropriate values, beliefs, attitudes and behaviours. These rules 
may be explicit or implicit. Failure to follow the rules can result in severe punishments, including exclusion from the 
group.ó

or

òThe policies, rules, explicitly stated or unwritten codes of conduct that has been agreed upon or been imposed on a 
society or community.ó
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Establishment of norms

Á A norm is a social contract

Á That may be agreed upon by a community or set by authority

Á Examples:

Á Exchange of pleasantries when two people pass one another or meet

Á Keep to your lane while driving

Á Donõt queue jump

Á é.

Á Once established, a norm may have great staying power (for ex: gender roles)

Á But how do norms get established in the first place?

Á A norm requires that a set of people do things in a certain way, even if it carries a cost

Á Always a temptation to violate the norm and be ôfreeõ

Á If a sufficient number of people violate the norm, it can quickly collapse
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Axelrodõs evolutionary approach

Á Axelrodõs hypotheses on how norms exist: 

òA norm exists in a given social setting to the extent that individuals usually act in a certain way and are often 
punished when seen not to be acting in this way.ó

Á The Norms Game -

Á To cooperate? (comply with the norm) or defect? (violate the norm)

Á A pool of players who are visible to each other (note that this principle can be played with ðsee Mahmoud et al)

Á A player who cooperates may get a small positive payoff

Á A player who defects gets a larger payoff (which is why the player defected to begin with)

Á But if the defection is seen by others, they punish the defector and in turn attract a small cost

Á Each player has a strategy in terms of what is called Boldness (tendency to defect) and Vengefulness (to punish others)

Á A strategy that works for a player will tend to be used again

Á A player may copy or mimic the strategy of another player who seems to be doing well

Á Effective strategies will tend to survive in the population
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The Axelrod Model - 1

Á Population of N agents

Á Each agent has two variables Boldness and Vengefulness ð[0, 7] interval

Á Higher the boldness, higher the likelihood of norm violation

Á Higher the vengefulness, higher the likelihood of punishing others for a violation

Á Each run, each agent decides to comply or violate (based upon her Boldness score)

Á Each act of norm compliance or violation attracts rewards and penalties from others

Á A playerõs defection ôhurtsõ others some of whom (based upon Vengefulness) then punish the defector 

Á Each punishment attracts an enforcement cost

Á At the end of a run, each agent would have a score

Á Higher scoring agents would have more offspring in the next generation

Á Either 2 offspring (if score > mean + standard deviation) or 1 offspring (>= mean)

Á i.e. can be interpreted that other agents would copy strategies of successful agents
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The Axelrod Model - 2

ὛὭ =  ὃὭ+ (Ὄ× ὄὮ)  +  (ὖ× ὈὭ× ὅὮὭ

ὔ

Ὦ=1
ὮὭ

 

ὔ

Ὦ=1
ὐὭ

)  + (Ὁ× ὊὭὮ)

ὔ

Ὦ=1
ὮὭ

 

Where 

ὃὭ=  
Ὑ ὭὪ ὥὫὩὲὸ Ὥ Ὤὥί ὺὭέὰὥὸὩὨ ὸὬὩ ὲέὶά      
ὑ ὭὪ ὥὫὩὲὸ Ὥ Ὤὥί ὲέὸ ὺὭέὰὥὸὩὨ ὸὬὩ ὲέὶά

 

ὄὮ=  
1 ὭὪ ὥὫὩὲὸ Ὦ Ὤὥί ὺὭέὰὥὸὩὨ ὸὬὩ ὲέὶά       
0 ὭὪ ὥὫὩὲὸ Ὦ Ὤὥί ὲέὸ ὺὭέὰὥὸὩὨ ὸὬὩ ὲέὶά

 

ὈὭ=  
1 ὭὪ ὥὫὩὲὸ Ὥ ὬὥὨ ὺὭέὰὥὸὩὨ ὸὬὩ ὲέὶά       
0 ὭὪ ὥὫὩὲὸ Ὥ ὬὥὨ ὲέὸ ὺὭέὰὥὸὩὨ ὸὬὩ ὲέὶά

 

ὅὮὭ=  
1 ὭὪ ὥὫὩὲὸ Ὦ ίὥύ Ὥ ὺὭέὰὥὸὭὲὫ ὲέὶά ὥὲὨ ὴόὲὭίὬὩὨ
0 έὸὬὩὶύὭίὩ                                                                       

 

ὊὭὮ=  
1 ὭὪ ὥὫὩὲὸ Ὥ ίὥύ Ὦ ὺὭέὰὥὸὭὲὫ ὸὬὩ ὲέὶά ὥὲὨ ὴόὲὭίὬὩὨ
0 έὸὬὩὶύὭίὩ                                                                               

 

Hurt due 
others 
violation

Punishment 
due violation

Enforcement cost 
for punishing

Payoff for 
violation or 
conformity
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The Axelrod Model - 3

Á Model showed interesting dynamics

Á First population moved to a state of low boldness

Á Because heavy punishment for defection led to a low risk appetite

Á Then population moved to a state of low vengefulness

Á Because vengefulness carries enforcement cost

Á So agents who had high V had lower scores than those who didnõt

Á Which then led to a population with high boldness and low 
vengefulness

Á In other words total norm collapse
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The Axelrod Model ðThe Metanorm

Sanctions against Iran

Washington waged a lonely battle throughout the 1980s and 1990s to 
muster cooperation from even its closest allies to little availé.

In 1995, the United States Congress passed the IranðLibya Sanctions Act 
(ILSA). Under ILSA, all foreign companies that provide investments over 
$20 million for the development of petroleum resources in Iran will have 
imposed against them two out of seven possible penalties by the U.S.:

Á In other words, do not just punish the defectors

Á Also punish those who do not punish the defectors

Á Axelrod called this a Metanorm

Á Metanorm: A norm or policy about norms

Á With the Metanorm, the population moves to norm establishment, 
never collapse


