


Motivation – Quantum Cognition
Quantum-Like Models can be used to accommodate paradoxical 
findings and deal with high levels of uncertainty

So far, quantum-like models can only be validated in very 
simple and small decision scenarios (lacks high dimensional 
data)

It is an open research question whether quantum-like models 
can be applied in large scale decision scenarios.

In this work, we investigate the application of Quantum-Like 
Bayesian Networks in real financial data from a Dutch Bank 
where 70% of data is missing (high uncertainty)



What are Bayesian Networks?
Directed acyclic graph structure in which each node represents a 
random variable and each edge represents a direct influence from 
source node to the target node. 

Bayesian Networks can define:

- Observed Variables

- Unobserved Variables

B E

A

Pr( E = T ) = 0.002
Pr( E = F ) = 0.998

Pr( B = T ) = 0.001
Pr( B = F ) = 0.999

B E      Pr(A=T|B,E)     Pr(A=F|B,E)
T T      0.95 0.05
T F     0.94 0.06
F T      0.29 0.71
F F       0.01 0.99



Why Bayesian Networks?
It’s graphical structure enables a straightforward representation of
decision problems;

It’s probabilistic nature enables inferences that can be applied in
multidisciplinary problems: medical decision-making, finance,
engineering, etc.



Why Bayesian Networks?
One can make “questions” (probabilistic inferences) to the network. 
These inferences can be supported with observed pieces of 
information.



Why Bayesian Networks?
If one observes the random variable Stock Market to be good, then 
one can conclude almost with certainty that the Interest Rates of the 
market are low. 

Lower interest rates tend to

encourage investments, leading

to economic growth



Quantum-Like Bayesian Networks

A Quantum model based on Bayesian Networks can:

1. Offer the same capabilities of the classical model

2. Take advantage of quantum superposition between nodes

3. Generate quantum interference effects to accommodate 

irrational / paradoxical decisions.

.



Quantum-Like Bayesian 
Networks

× Under uncertainty, quantum-like Bayesian Networks can 
represent events in a quantum superposition. 

× This superposition generates quantum interference effects

× These quantum interference effects can model people’s 
irrational behaviors.

Moreira & Wichert (2014), Interference Effects in Quantum Belief Networks, Applied Soft Computing, 25, 64-85



Problem: Quantum Parameters
× The number of parameters grows exponentially large!

× The final probabilities can be ANYTHING in some range of 
probabilities!

Moreira & Wichert (2016), Quantum-Like Bayesian Networks for Modelling Decision Making,
Frontiers in Psychology: Cognition, 7, 1-20



Similarity Heuristic
× The interference term is given as a sum of pairs of random 

variables.

× Heuristic: parameters are calculated by computing different 
vector representations for each pair of random variables.

Moreira & Wichert (2016), Quantum-Like Bayesian Networks for Modelling Decision Making,
Frontiers in Psychology: Cognition, 7, 1-20



Similarity Heuristic

× Vectors that are very close to each other are separated by
setting their inner angle to π ( minimum cosine value ).

× When vectors are already separated, we just penalize a little
the angle that they share.

Moreira & Wichert (2016), Quantum-Like Bayesian Networks for Modelling Decision Making,
Frontiers in Psychology: Cognition, 7, 1-20



Prisoner’s Dilemma
There are two prisoners who are in separate solitary confinements with no 
means of speaking to or exchanging messages with each other. The police 
offer each prisoner a deal: they can either betray each other (defect) or 
remain silent (cooperate). 

Three conditions were tested:

1. Participants were informed that the other participant chose to defect

2. Participants were informed that the other participant chose to 
cooperate

3. Participants had no information about the other participant's decision



Quantum-Like Bayesian Networks

Player 1 unknown (classical)

Player 1 known to cooperate

Player 1 known to defect

Player 1 unknown (quantum)



Quantum-Like Bayesian Networks

Player 1 unknown (classical)

Player 1 known to cooperate

Player 1 known to defect

Player 1 unknown (quantum)

explains paradoxical results



QUANTUM-LIKE MODELS 
APPLIED TO BUSINESS 

PROCESS MANAGEMENT



Missing Data in Organizations…
× Data quality is a constant problem in organisations due to

× Manual data entry
× Data migration
× System upgrades
× etc

× It happens quite often that organizations lose their data (they 
need to have large databases with data backups)

× Missing data leads to high levels of uncertainty

× Can a Quantum-Like Model be applied in such scenarios?



Business Process Management
Process mining is a technique that performs an automatic analysis 
of business processes from a log of events with the promise of 
understanding how processes are executed in an organisation in 
order to optimize them.

Many times, Log information is missing or untrustworthy due to 
error (human or machine)

Process MiningLogging Events



Application of Quantum-Like Models to a 
Dutch Financial Institute

The event log is taken from a Dutch Financial Institute. It 
represents a loan application in which a customer requests a certain 
amount of money.

There is a webpage that enables the submission of loan applications. A 

customer selects a certain amount of money and then submits his request. 

The application performs some automatic tasks and checks if an 

application is eligible. If it is eligible, then an offer is made. If accepted, a 

final evaluation is done to the application and it is approved. 



Application of Quantum-Like Models to a 
Dutch Financial Institute

1. Processing Logs 2. Process Identification 3. Conversion to Bayesian 
Network

5. Performing Quantum-Like 
vs Classical Inferences

4. Learning Conditional 
Probability Tables



Step 1: Processing Log Files
Summary:

× There were 13 087 loan applications

× Each loan application contained 262 200 sequence of tasks

× There were 24 different tasks



Step 1: Processing Log Files

Part of the log file



Step 2: Discovering the 
Business Process

We extracted a network structure out of the dataset in order to 

discover what was the sequence of tasks being conducted in the 

institution.



Step 3: Conversion to a 
Bayesian Network

We discarded edges with a transition probability bellow 0.05.



Step 3: Conversion to a 
Bayesian Network

A_START_
APPLICATION

During the analysis, we found redundant tasks. These tasks were 
eliminated and reduced to a single task. 

A_CREDIT_
APPROVED



Step 3: Conversion to a 
Bayesian Network

And we managed to have an understanding of the company's 
Business Process.



Step 4: Learning from Data
After having a network structure, we needed to learn the conditional 
probability tables from the data that we processed.

For a complete dataset and a known network structure, the learning 
consists in counting how many times a variable occurred given another.

Pr( A_ACCEPTED = pres | A_PREACCEPTED = pres ) = 3/8 = 0.375

Pr( A_ACCEPTED = pres | A_PREACCEPTED = abs) = 0 = 0

Pr( A_ACCEPTED = abs| A_PREACCEPTED = pres ) = 3/8 = 0.375

Pr( A_ACCEPTED = abs| A_PREACCEPTED = ab s) = 2/8 = 0.25

Example of Training Data



Step 4: Learning from Data
And we were finally ready to use a Bayesian Network to perform 
probabilistic inferences (either classical or quantum).



Step 5: Inference
The usage of Bayesian Networks enabled a graphical and unique 
analysis of the institution’s Business Process. 



Research Question

Let’s imagine the company lost 70% of 

its data (generating uncertainty). Can 

we still find the business process? 



Quantum-Like Models in Real 
World Scenarios

Results indicate that the Quantum-Like Bayesian Network was able 
to reproduce the probabilities of the original dataset.



Quantum-Like Models in Real 
World Scenarios

Results indicate that the Quantum-Like Bayesian Network was able 
to reproduce the probabilities of the original dataset

Considering a network with only Automatic (A) and Manual (W_) tasks

Note that an inference with 21 nodes will generate a full joint distribution of:  

2"#×6 = 6	291	456 entries and quantum parameters to fit!



Quantum-Like Models in Real 
World Scenarios

This preliminary study suggests that 
when data is corrupted or missing, 
Quantum-Like Bayesian Networks 

could be used for data analysis… But 
further studies are required...



Summary
Quantum cognition goes to the idea of superpositions and the world 

can be described by unitary evolution.

So you can always define a full joint probability distribution by 

default and model decision scenarios in a compact graphical 

network structure – Quantum-Like Bayesian Networks.

We investigated the effectiveness of Quantum-Like Bayesian 

Networks in a complex real world financial scenario. Experiments 

show promising results when data is missing or corrupted.


