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NA nucleus accumbens
VTA ventral tegmental area
PFC prefrontal cortex
SNc substantia nigra pars compacta
fMRI functional magnetic resonance imaging
PET positron emission tomography
DDT delayed discounting task
CNS central nervous system
FR fixed-ratio schedule
PR progressive-ratio schedule
Us unconditioned stimulus
CR conditioned response
nAChR nicotine acetylcholine receptor
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* Overdose
3 Decision support system
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" Ethnographic models
* Dynamical epidemic models
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' Compulsive drug seeking and taking
* Elasticity
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' Value iteration
* Model-based
> Model-free
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' Gradient descent
* State-action pair
3 State-Action-Reward-State-Action (SARSA)
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3 Punishment
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' Classical conditioning

* Pavlovian conditioning

3 Instrumental conditioning

* Acquisition

> Unconditioned stimulus (US)
¢ Conditioned response (CR)
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' Extinction
* Blocking phenomenon
? Second-order conditioning
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' Neuromodulator
* Ventral tegmental area (VTA)
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' Substantia nigra pars compacta (SNc)
* Striatum

3 Nucleus accumbens

4 Prefrontal cortex

> Parkinson

® Schizophrenia,

7 Brain stimulation reward (BSR)

8 Natural rewards
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" Hedonic effect
* Pathway
3> Wanting
* Liking
\Nd



ol 90 el g (yuuls (b pl (S g5 (g SO

S Sy Py debes osalin ol 45 (o n SA WDle Bras sl ;5 Jg a5 e I L
S e 3l M) S o5 G By s et (sl Sl 055 S il e
ol & 55,5l ST e el b ol (a8 (b 59,5l e @ oy T 1y 58 390 e
9 23 o Glid 0g5 I OA 1Dle g WS g0 Brac )5 0 Brae WS a5 Jlie 4 gl ool
5 Omebgs a5 (508 pl (LS 8 Gheogs cpl el oaid slml S “mily g’ o plplo

3

OO s DA o Ll el 45T Ao e azel “iile Cawgd” &g ol 18 ¢ mules” e

baialeil 51 shegazme ;3 olSon 5 5ot (i (25w o oad Slo (585 99 8 Jlhe o
e gley ol 6ol 4 ebige i Jlasl sabais oS [¥4] Wi 5 wil)] (6,508 oS aus
2 Solisd Sogs 3l Sloses i a5 sl oad 5155 i S el slaales] 5o 05500
Mo ST as Lo )l aips oo lis gewly o ki pd g oais coyien (Slol SO 4 SNe g VTA
e g oo Jlad (ialygd Slogygyp g ool (ygane 4 (LB dile oo ogee O (5l
o 1y eanl 5o Glal S ad sols a7 S e G s saaline plSin isligd slagyg,g
T VIRU| FERPL SN L ST W Su g e ) Y PR SURSC IO | L JLeY [ PPN C Sy - T G iy
Sloisg,5 ollad Bb | aiesai fuly iasligs (slogys bl ol ] 0,50 kL

(V=Y JSD) 09l oo dgs jlxo (glakamd jobo ay wogid ools JUail 050 S yme a5 8y lygo
Sloiysys Colld gl wl)) (coeligs slays,s collad 050 0 (edsi a5 Sl Gl el o
Sl slacdls 4 cudls pl oyl ob Lyl Y&_il)‘l_é Codlad ol o)Ll T 4 YU jo a5 bigo
$lopgs TSy ol (llsd g5 cnl blaa 3 S e ol 5,m ¥l VL S 3 L
99 orl O led 51asS (o 0)Lal 35,0 8 Sgux (il 2 50 5 il (ol b plads o 4 (elyge

oS o0 oolatul (gam sl yidu o el g4

' Schultz
* Phasic activity
3 Tonic activity
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Understanding Addictive Behavior on the lowa Gambling Task
Using Reinforcement Learning Framework

Amir Dezfouli', Mohammad Mahdi Keramati*, Hamed Ekhtiari’>, Hooman Safaei’, Caro
Lucas'

'Center of Excellence for Control and Intelligent Processing,
Department of Electrical and Computer Engineering, University of Tehran, Iran

*School of Management and Economic, Sharif University of Technology, Iran
*Cognitive Assessment Laboratory, Iranian National Center for Addiction Studies, Iran

Abstract- Neurocognitive decision-making disorders in lowa Gambling Task (IGT) can be
better understood in the light of computational modeling methods. In this study, we use
Reinforcement Learning (RL) framework to decompose subjects’ behavior into its underlying
factors. Both healthy subjects and Substance Dependent Individuals (SDIs) show poor
performance in the task, with significant decline in SDIs (net score = -2.3) compared with
control subjects (net score = 6.2). Fitting various models of RL family, the results show that
for both groups, frequency-based learning model coupled with softmax exploration strategy
for action selection is the best descriptor model for choices of subjects in the task (based on
Bayesian Information Criterion). So, being under the influence of reinforcer frequency instead
of its magnitude is the major factor behind poor performance of subjects. In addition,
sensitivity analysis shows that the performance of the best fitted model is sensitive to the
valence weight parameter in SDIs. The estimated value of the parameter reveals that higher
deviation of SDIs to harm-avoidance characteristic (in relation to healthy subjects) causes
performance difference between two groups. Neural and cultural discussions are also
presented to explain the results.
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A neurocomputational model for decreased harm avoidance in
addicts

Amir Dezfouli', Payam Piray’, Mohammad Mehdi Kramati’, Hamed Ekhtiari?, Caro Lucas’,
Azarakhsh Mokri*®

'Center of Excellence for Control and Intelligent Processing,
Department of Electrical and Computer Engineering, University of Tehran, Iran

*School of Management and Economic, Sharif University of Technology, Iran
*Cognitive Assessment Laboratory, Iranian National Center for Addiction Studies, Iran
“Department of Psychiatry, Tehran University of Medical Sciences
*Department of Clinical Sciences, Iranian National Center for addiction Studies

Abstract- Lack of harm avoidance is one of the most important decision making deficits in
addicts. In previous computational models of addiction, this property is explained by high
incentive value of drug of abuse which grows unbounded with consumption and compensates
punishment of harmful consequences. But this theory is not confirmed by some animal models of
drug self-administration which report unchanged incentive value of the drug before and after
subjects show compulsive drug seeking. In this study we are to propose a computational model
based on theoretical models of dopamine system and Bayesian Q-learning to shed light on the
basis of this phenomenon.

The agent learns values of actions in Bayesian fashion. Its action selection is guided by both
expected state-action values and expected gain from exploring an action. The later indicates that
the agent takes an action with low expected value if it predicts that the lost utility can be
compensated by future gains of obtained information after executing the action (in the form of
action selection policy improvement).

We modeled rewarding pattern of natural rewards and cocaine in the manner that they have the
same maximum reward value. Drug induced transient increase in dopamine was modeled by
impulse rewards those vanish as the expected value saturates at its maximum level. The agent was
simulated under situation where it should choose between avoiding harm(freezing) and pressing
seeking lever which causes receiving a punishment followed by reward delivery. The results show
in the case of natural reward, the agent chooses freezing, but in the case of drug, although
expected value of pressing seeking lever dose not differ form natural rewards, the agent chooses
drug seeking. Tracking agent's action selection policy revealed that such risk-taking behavior is
because of high predicted gain of policy improvement after experiencing cocaine intake. Roughly
speaking, the addicts chooses drug because it unrealistically predicts that after consumption,
estimated value of drug taking will be updated to the value higher than freezing. It means that it
hopes the punishment to be removed in the future. So, it keeps drug taking against harmful
consequences with the hope of gaining utility more than harm avoidance. Our model proposes a
biologically-inspired computational base for compulsive drug seeking and risky decision-making
in addicts.
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Computational modeling of cocaine addiction using reinforcement

learning framework

Amir Dezfouli', Payam Piray’, Mohammad Mehdi Kramati®, Hamed Ekhtiari?, Caro Lucas’,
Azarakhsh Mokri*®

'Center of Excellence for Control and Intelligent Processing,
Department of Electrical and Computer Engineering, University of Tehran, Iran

*School of Management and Economic, Sharif University of Technology, Iran
*Cognitive Assessment Laboratory, Iranian National Center for Addiction Studies, Iran
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Abstact- Objective: under two assumptions, first, phasic activity of dopaminergic neurons in
ventral tegmental area (VTA) qualitatively corresponds to error signal employed in value learning
process and second, drug consumption leads to increase of dopamine in VTA, we propose a
neurocomputational model for drug addiction. Method: temporal difference reinforcement
learning (TDRL) framework was used. Drug induces changes was modeled by adding an
uncompensatable parameter to the error signal term in TDRL. Also, the level against which
rewards are compared was introduced into TDRL using an additional term. Results: simulations
show that the behavior of the model is satisfactorily compatible with the animal models of drug
self-administration, especially compulsive drug seeking. Some other aspects of addition such as
down-regulation of reward system are also addressed by the model. Conclusion: many decision-
making deficits of drug addiction can be explained based on the two mentioned assumptions
using computational modeling approach. Also, the model presents explicit behavioral predictions

which can be tested both on human and animals.
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A Neurocomputational Model for Cocaine Addiction
Amir Dezfouli', Payam Piray', Mohammad Mehdi Kramati*, Hamed Ekhtiari?, Caro Lucas’,

Azarakhsh Mokri*®

'Center of Excellence for Control and Intelligent Processing,
Department of Electrical and Computer Engineering, University of Tehran, Iran

*School of Management and Economic, Sharif University of Technology, Iran
*Cognitive Assessment Laboratory, Iranian National Center for Addiction Studies, Iran
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*Department of Clinical Sciences, Iranian National Center for addiction Studies

Abstract- Based on the dopamine hypotheses of cocaine addiction and the assumption of
decrement of brain reward system sensitivity after long-term drug exposure we propose a
computational model for cocaine addiction. Utilizing average reward temporal difference
reinforcement learning, we incorporate the elevation of basal reward threshold after long-term
drug exposure into the previous model of drug addiction proposed by Redish. Our model is
consistent with the animal models of drug seeking under punishment. In the case of non-drug
reward, the model explains increased impulsivity after long-term drug exposure. Furthermore, the

existence of blocking effect for cocaine is predicted by our model.
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Abstract

Addiction can be characterized with the compulsive drug seeking and taking
behavior. A theory of addiction provides the reductive links across addictive

behavior and structural evidence at neural or psychological level.

This thesis includes two sections. In the first section, based on the dopamine
hypotheses of cocaine addiction and the assumption of decrement of brain
reward system sensitivity after long-term drug exposure we propose a
computational model for cocaine addiction. Utilizing average reward temporal
difference reinforcement learning, we incorporate the elevation of basal reward
threshold after long-term drug exposure into the previous model of drug
addiction proposed by Redish. Our model is consistent with the animal models of
drug seeking under punishment. In the case of non-drug reward, the model
explains increased impulsivity after long-term drug exposure. Furthermore, the

existence of blocking effect for cocaine is predicted by our model.

In the second section, we investigated behavior of addicts in lowa Gambling
Task. We used Reinforcement Learning (RL) framework to decompose subjects'
behavior into its underlying factors. Both healthy subjects and Substance
Dependent Individuals (SDIs) show poor performance in the task, with
significant decline in SDIs (net score = -2.3) compared with control subjects (net
score = 6.2). Fitting various models of RL family, the results show that for both
groups, frequency-based learning model coupled with softmax exploration
strategy for action selection is the best descriptor model for choices of subjects in
the task (based on Bayesian Information Criterion). So, being under the influence
of reinforcer frequency instead of its magnitude is the major factor behind poor
performance of subjects. In addition, sensitivity analysis shows that the
performance of the best fitted model is sensitive to the valence weight parameter
in SDIs. The estimated value of the parameter reveals that higher deviation of
SDIs to harm-avoidance characteristic (in relation to healthy subjects) causes

performance difference between two groups.
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