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Agent-Based Modeling
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- Comprised of 
Buyers and 
Sellers

- Only selling one 
good

- Complete 
memory and 
concrete logic

- Perfect 
communication 
and no loss

 

Agents
- Little “bots” that make decisions
- Behave using own logic and rules

- Internal logic network
- Assigned certain attributes

- Useful to analyze structures and 
optimization

 

Agent-Based Models
- Computer simulations 
- Study how individual agents 

interact with each other or the 
environment

- Models experiments that are 
impractical to test in the world

Common applications of ABMs include epidemiology (pandemic spread), social 
science (grand strategy), or autonomous systems (self-driving cars)



Applications of Agent-Based Modeling

Multi-Agent Hide and Seek
OpenAI 2020
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- Comprised of 
Buyers and 
Sellers

- Only selling one 
good

- Complete 
memory and 
concrete logic

- Perfect 
communication 
and no loss

Simulating alternate voting systems
Primer 2020



We’ll use Agent-Based Modeling
to simulate a simple economy:

Comprised of buyers and sellers

Only one good is being sold

Agents are rational and have a 
complete memory of transactions

Perfect communication & no loss
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Applications of Agent-Based Modeling

Quantity

Price

q

p
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     uestions

Can agents with internal Quantum circuitry reproduce 
empirical results given by observable economic phenomena?

How do Quantum agents compare with computational and 
Bayesian agent models?

How do the assumptions of the Quantum model presented in 
our methods compare with other agent models?

1. 

2. 

3. 



Methods
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Buyer Anatomy
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Seller Anatomy
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The Market

Buyers Sellers

1. The Pre-cycle Stage
- Resents Budget and Inventory
- Calculates Parameters

2. The Cycle Stage
- Buyers initiate trade with sellers
- Parameters adjusted to account
- Good circulate

3. The Post-cycle Stage
- All data recorded in memory
- Price evaluation via logic circuit
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Computational, Bayesian, and Quantum Agents

Buyer Seller
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Computational, Bayesian, and Quantum Agents

def postSaleUpdate(self):
    pointer = random.choice([0,1])
    if pointer == 1 and self.turn >2:
        self.postSaleUpdateBayes()
    else:
        self.postSaleUpdateComp()

Bayesian agents train off previous market data and current market data.
- They hold current price indicators and other market parameters in 

lower regard.

- Bonus Friend! Mixed Agent:
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Computational, Bayesian, and Quantum Agents

Dunjko et al. 2015: agents using quantum environments

Sriarunothai et al. 2019: ion-trap processors speed up decision making

Saggio et al. 2021: hybrid reinforcement learning reduces learning time

Sarkar et al. 2021: QPT algorithms create better cost function optimization

Elliott et al. 2022: quantum long-term adaptive learning improves the 
agent’s memory recall

Yun et al. 2023: few-shot training of QNNs creates faster convergence with 
higher reward utilities

In quantum reinforcement 
learning, a seminal paper by 
\citeauthor{dunjko_framewo
rk_2015} in 
\citeyear{dunjko_framework
_2015} established agents 
using quantum 
environments. Researchers 
have since proposed and 
trained various agents with 
various improvements or 
benefits compared to a 
conventional model. 
Various researchers have 
employed various forms of 
hybrid systems that 
improve an agent's runtime, 
utility function, and 
convergence speed:
\begin{itemize}
    \item 
\colorbox{green}{Sriarunoth
ai et al. in 2019} 
implemented an ion trap 
quantum processor to 
speed up the decision 
making of an agent in a 
simulation 
    \item 
\citeauthor{saggio_experim
ental_2021} in 
\citeyear{saggio_experimen
tal_2021} demonstrated that 
a hybrid approach to 
reinforcement learning with 
quantum communcation 
channels paired with 
classical communication 
channels is able to reduce 
the learning time of agents
    \item 
\citeauthor{sarkar_qksa_20
21} in 
\citeyear{sarkar_qksa_2021} 
improved Knowledge 
Seeking Agents (KSAs) by 
replacing classical search 
algorithms with quantum 
process tomography (QPT) 
algorithms that account for 
computational intensity and 
algorithmic complexity for 
better cost function 
optimization
    \item 
\citeauthor{elliott_quantum
_2022} in 
\citeyear{elliott_quantum_2
022} utilized quantum 
long-term adaptive learning 
techniques to expand the 
memory base of agents, 
improving agent's memory 
recall of learned information 
and data to improve 
decision-making
    \item 
\citeauthor{yun_quantum_2
023} in 
\citeyear{yun_quantum_202
3} demonstrated 
performance improvements 
training QNNs with few-shot 
training that splits 
parameters into training on 
the qubit output states and 
the output measurements to 
create faster convergence 
with higher reward utilities
\end{itemize} 
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Computational, Bayesian, and Quantum Agents

Quantum systems 
improve an agent’s 
runtime, utility function, 
and convergence speed

CNN and QCNN Structures
Gong et al. 2024



Results
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Question 1: 
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Can agents with internal 
Quantum circuitry 

reproduce empirical 
results given by 

observable economic 
phenomena?
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Computational, Bayesian, and Quantum Agents

Quantity

Price

q

p

Supply = 

Demand = 

Equilibrium Price  = $17.8
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Computational, Bayesian, and Quantum Agents

Equilibrium 
Price = $17.8

Takeaways 
About 

relationship 
between 
Market, 

Rationality, 
and 

Behavior 
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Computational, Bayesian, and Quantum Agents

Equilibrium 
Price = $17.8

Takeaways about the relationship between Market, Rationality, and 
Behavior 
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Computational, Bayesian, and Quantum Agents

Quantity

Price

q

p

Supply = 

Demand1 = 

Equilibrium Price  = $11.3

Demand2 = 
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Computational, Bayesian, and Quantum Agents

Equilibrium 
Price = $11.3

Average 
Price 

decreases!

Agents are 
following 
market 
trends
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Computational, Bayesian, and Quantum Agents

Equilibrium 
Price = $11.3

Average Price decreases!
 

Agents are following market trends



Question 2: 
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How do Quantum 
agents compare with 

computational and 
Bayesian agent models?
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Computational, Bayesian, and Quantum Agents

Equilibrium 
Price = $17.8

Takeaways 
About 

relationship 
between 
Market, 

Rationality, 
and 

Behavior 
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Computational, Bayesian, and Quantum Agents

Equilibrium 
Price = $17.8

Improved equilibrium from Bayes

Faster convergence to equilibrium; 23 rounds vs. 51, 43, 34  



Question 3: 
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How do the 
assumptions of the 

Quantum model 
presented in our 

methods compare with 
other agent models?
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