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Abstract

PLS contracts, Like Musharakah in participative finance, represent a practice of profit and loss

sharing contracts. It is claimed to be a fair economic mode of investment as

it entails the

sharing, by the participants, of profits and risks. This mode of financing, however, suffers from
asymmetric information in the form of adverse selection and moral hazards. In this Agent based
simulation we managed to apply a repeated game theoretical approach to PLS financing using an
agent based simulation tool called Net- logo. The purpose is to test whether PLS contracts are
representative of a prisoner’s dilemma game. We have identified different parameters which are
used to calculate the payoffs of the bank and the enterprise which seeks financing. Each agent in
this simu- lation has some strategies that he/she can use through the game. We have managed to
run the simulation1000 times for different model parameters under each combination of the
agent’s strategies. We have found evidence that PLS contracts are not represen- tatives of a a
prisoner dilemma game as mutual cooperation does not lead to a better payoff to the
corporation than mutual defection. Over a repeated process, however, we found simulation
evidence that the threat by the bank to apply an unforgiving strat- egy towards defection, leads
to a cooperative behavior by the corporation through the strategy Tit-for-Tats.

Keywords: PLS Contracts, Agent-Based-Simulation, Moral Hazards, Prisoner’s Dilemma, Social Value,

Adverse Selection, Nash Equilibrium, Netlogo
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1. INTRODUCTION

Profit and loss sharing contracts (PLS) generally
suffer from asymmetric informa- tion in two ways.
First, they suffer from adverse selection where the
financier, in our case the bank, has difficulty in
selecting an appropriate agent (in our case the
corpora- tion). Second, these contracts suffer from
moral hazards where the agent, after being selected,
has a tendency of misbehaving either through low
effort or misreporting the results.

To dilute the effects of asymmetric
information, many mechanisms have been pro-
posed.

For example, collateral is one such mechanism
applied by agents to signal their ef- ficient type. This
is in harmony with claims that collateral in debt
contracts can be wused to lower information
asymmetries [1]. This is also in harmony with the
proposition of Karim [2] with respect to submission
of collateral in PLS contracts. This practice is,
however, prohibited in Islamic PLS contracts but
permissible in a conventional PLS system. The
submission of a warranty by the financed
corporation is permissible only if there is proof of
negligence or non-respect of the contract terms from
its part®.

26 3Adoption of AAOIFI Shariah Standard No. 12 pertaining to Sharika
(Musharaka) and Modern Cor- porations. Clause 3/1/4/1: “All partners of

Another mechanism to reduce asymmetric
information is the willingness of a con- fident
manager to accept a low job protection. This is
consistent with previous research as in [3].Low job
protection, however, can be seen as unfair to the
entrepreneur since failure of the project can be due
to factors beyond the entrepreneur’s control [4]. De-
manding security by the bank, in the form of low job
protection, can be seen as making the entrepreneur
lose more than his contribution[4]. This, however,
contradicts the musharakah principle which calls for
a fair sharing of profits and losses as mentioned
earlier by Usmani [5].

A third mechanism proposed is Information
sharing. Borrowers are shown to exert high efforts
when their details are entered with credit bureaus
[6].This mechanism’s impact is strong when
borrowers’ mobility is higher [7] and if asymmetric
information problems are more important [8]. It is
problematic; however, that weaker banking
competition can result from information sharing. [9].

PLS contracts suffer from misreporting
project’s results by the financed agent. compared to
its conventional counterparts ,higher due diligence
is a mechanism pro- posed to reduce this problem in
Islamic PLS contracts [10].

Sharika shall be deemed to be trustees in respect of Sharika assets; however,
as trustees they shall be jointly and severally liable for misconduct,
negligence or breach of contract.”
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The unfair distribution of returns if the project
fails can be a source of asymmetric information [11].
Because of the project’ risks, the financial institution
may impose a higher profit sharing ratio. This
however may result in lower projects return due to
the financed agent lower motivation [11]. In our
paper, charging a higher sharing ratio is referred to
as defection from the bank. Defection also applies to
the agent when he/she misreport the results.

Another mechanism, to reduce information
asymimetries in a profit and loss contract, is to have
the agents contribute in the project’ capital [2]. In
line with this finding, [12] proposes a minimal
capital contribution by the financed agent and a
minimal profit sharing ratio.

One research proposed that moral hazards can
be solved under Mudaraba® but not

under musharakah (PLS) [13].This can be
criticized in a sense that under Mudaraba the bank
provides the whole capital and therefore assumes all
monetary risks. On the other hand wunder
musharakah the capital is shared and intuitively the
risk of losing capital is shared [4]. This is, also,
inconsistent with our findings and the findings of
Nabi [12] which proposes that moral hazards can be
solved subject to a contribution from the
entrepreneur. i.e moral hazard is more likely to be
solved under a musharakah contract than under a
Mudaraba contract. This is in line with the research
of Inness [14] arguing that sharing contract is not
feasible in case of total external financing of the
project.

Another finding, proposed the usage of two
profit sharing ratios instead of one to reflect the
effort of the entrepreneur compared to the bank
[15]. This model, however, does not treat the case of
asymmetric information.

An incentive scheme was proposed in a
preceding paper [16] to reduce asymmetric
information. We have a game theoretical evidence
that a higher social value and more flexibility in
negotiating the profit sharing ratio and the capital
contribution.

To evaluate PLS contracts in reducing moral
hazards, We proposed a new model called ROMCA
[17] and tried to assess it in relation to other forms
of financing like debt finance and ROSCA. we found
a simulation evidence that our model can dominate
the other forms under adverse random shocks with
low market conditions and prevailed in cases of
moral hazards [17].

In order to help financial institution in their
agent selection process, we have developed three
adverse selection indices in Mudaraba financing.
These indices should help financial institutions in
reducing adverse selection [18].

In another paper, we tried to test whether the
use of a two contract menu can re- duce asymmetric
information in an environment of incomplete
information. We found a game theoretical evidence
that Menu contracting is not to be always the
optimal option for assymetric information reduction
[19].

In the same line, we have proposed in another
paper the offering of an effort based Vs output
based contract. In the effort based contract the

27 4An Islamic term for a form of business in which the bank is the sole
provider of capital(Rab’al Mal) and the entrepreneur is the provider of work
and management (Mudarib)

remuneration of the agent is assessed ex-post based
on effort provided. the project financing can
continue, even if it fails in the first stage, if the
assessment of profit was positive. The second
contract reimburses the agent only based on the
project output regardless of the effort provided by
the agent. This means that the refinancing can only
occur if the ouput is satisfactory. We found a game
theoretical evidence that an effort based contract can
give higher compensation to the agent as this
contract offers a lower sharing ratio to the financier
[4]. This result emphasizes two important Islamic
concepts. First it emphasizes the sen- timent of
altruism which the financier shows by taking a
smaller profit sharing ratio. Second it emphasizes
the sentiment of positive reciprocity which the agent
exhibits by providing high effort [4].

The previous literature discussion treats how
to reduce asymmetric information to induce agents
to cooperate rather than defect in their relationship.
This qualifies PLS to be treated as candidates for a
prisoner dilemma case.

It is being argued that the most intuitive way to
support mutual cooperation in a repeated
Prisoner’s Dilemma game is through reciprocity: A
player will cooperate today expecting the other
player to cooperate tomorrow [20]

Reciprocal cooperation in Prisoner’s Dilemma
game were tested by [21] and [22]. In this test ‘tit-for-
tat’ strategy was first in ranking compared to the
other strategies in triggering a cooperative behavior.

For cooperation to happen in a repeated game
we must have a sufficiently high discount factor. In
game theory this is known as ‘Folk theorem’ [23]
Even if discount factors are low, the presence of
emotions and moral sentiments help individuals
balance short-term gains with long-term rewards, as
mentioned by [24]. [25] claims that players would
cooperate if they are confident that the other players
also cooperate, but defect otherwise.

In a multi-agent framework it is argued that
‘Everyone would prefer being a coop- erator in a
society of cooperators to being a defector in a
society of defectors’ [26]. To promote cooperative
behavior, therefore, honest agents should provide
the example of cooperative behavior to the rest of
the population[20]. Summary

If players meet each other randomly, then the
only evolutionary stable equilibrium is defection
[27]. Consequently, tit-for-tat does not become a
stable strategy in this environment[20]

The paper is organized as follows:

Section 2 describes the model. Section 3
presents the methodology. Section 4 presents the
methodology. Section 5 represents the results and
discussion. Section 6 concludes with summary and
possible extensions.

2. THE MODEL

The model strives to test for the existence of a
prisoner’s dilemma game in a PLS contract between
risk neutral bank and a corporation. The later is
willing to undertake a project which requires
funding F. The later has an initial fund fbut requires
an additional funding F-f. The project is estimated to
result in a verifiable output It which is subject to a
degree of misreporting © € [0 1]
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The opportunity cost of the corporation is
valued as a ratio ¢% of its contribution in the project.
The opportunity cost of the bank is p i.e. The
expected output generated by the project should at
least be equal to (1+ p ) B.F. The expected output
given a degree of misreporting 6, is then:

E(Tr[/el)= O = el(1+rl).F 1)

Where “r” at time “t” iis the expected return on
investment from the project.

The expected output is shared according to a
sharing ratio a. In case of loss, the maximum loss
each partner can lose is his /her contribution in the
project capital. For convenience we take B as the
ratio of capital that is financed by the bank.

The symmetric case
Under this case the bank and the corporation engage
in a cooperative agreement.
So, the instantaneous expected profit of the
bank is:
E(Tt®)= [o (141 )-(1+p)B IF (2)
While the profit of the corporation E(Ttm ) is:
()= [(1-a)(1+1)-(1+0)(1-B )| 3)
We turn now to the asymmetric case:
The asymmetric case
In this case neither the bank nor the corporation

knows the future strategy of each others. To be able
to discriminate the best strategy of each agent vis-a-

vis the other agent strategy we use a repeated game
theoretical approach supported by an agent based
simulation using Netlogo.

The following strategies are set for each agent:

e Cooperate: where each agent is set to
cooperate in each round. The bank is cooperating by
setting a low profit sharing ratio a while the
corporation is cooperating by not misreporting the
project output.

e Defect: where each agent is set to defect in
each round. The bank is defecting by setting a high
profit sharing ratio aht reflecting a misreporting risk
premium Rp such that o= o (1+R) while the
corporation is defecting by misreporting the project
output.

e Tit-for-tat: each agent responds by the
previous strategy of his/ her opponent. For example
if one agent cooperates initially, the other responds
by cooperating and vice versa.

e Tit-for-two-tats here the agent gives a two
chances before changing his /her strategies. For
example if the bank cooperate initially and the
corporation defect, the bank will cooperate again. If
in the second stage the corporation defects, the
financier will defect.

e Unforgiving: in this case the agent responds
by defecting for ever when the other agent defects
once regardless if the later cooperated before.

3. METHODOLOGY

To test for the existence of a prisoners dilemma in a
PLS contract. We construct a repeated game in
Netlogo using the different strategies of each agent.
The following figure shows how the interface of the
model looks like:

Figure 1. The Model interface in Netlogo
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We proceed by formalizing the payoffs,
cumulative payoffs, and average payoffs of each agent
under different combination of defection and
cooperation:

The Cooperation Cooperates and The Bank Defects

If the bank cooperates while the corporation defects,
then the payoff at each round to the bank is:
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E(ttbt)=[alt(1+rt)Ot-(1+p)pt]F (4)
Its cumulative profit is
E_(°)=2" [o,(1+1)0,-(1+p)B IF (5)

And its average profit in each round is

E (m°)=2" [o (1+r)0-(1+p)B [F (6)
L v
While the profit of the corporation is
E(mreo® )= [(1-a, )(1+1)O -(1+C)(1-B)]F (7)
its cumulative profit is
E_  (m®)=%"  [(1-0)(1+r)6-(1+c)(1-p)IF (8)
And its average profit is

E (m®)=3" [(1-a )(1+r)6 -(1+c)(1-B)IF
ave t =0 1t N T L (9)

The Bank Defects and the Corporation Cooperates

If the bank defects while the corporation cooperates,
then the payoff at each round to the bank is:

E(Tt*)= [a, (141 )-(1+p)B JF (10)
Its cumulative profit is
E__(m)=3_ [o_ (141)-(1+p)B.JF (11)
While its average profit at each round is
by_ yN _
E ()= LE,J%% (1+r)-(1+p)B IF 12)

While the instantaneous profit of the corporation

E(mt™ )= [(1-a,)(1+1)-(1+c)(1-B)IF (13)
Its cumulative profit is
E__(mo®)==N  [(1-a_)(1+1 )-(1+c)(1-B)IF (14)
While its average profit at each round is:
Ea\,e(ncorpt)=ﬁfzﬁ [(l-(lm)(1+I})-(1+C)(1-B\)]F (15)
1=0 N t v

Both the Bank and the Corporation Defect

In this case the instantaneous, cumulative and
average profit of the bank are given respectively as:

E(T)= [o,,(1+1)6, - (1+p)B,JF (16)
E_(m*)=3N o, (141)0, - (1+p)B JF 17)
E (M)=2" la (1+1)0 - (1+p)B[F (18)

N

While in this case the instantaneous, cumulative

and average profit of the corporation are given
respectively as:

Both the Bank and the Corporation Cooperate

In this case the instantaneous, cumulative and
average profit of the bank are given respectively as:

E(Tt°)= [0, (141)- (1+p)B IF (22)
E _(m*)=2_ [o,(141)- (1+p)BJF (23)
E (T)=2_ la ﬁi}lﬂ‘)e* - (1+p)B |F (24)

While in this case the instantaneous, cumulative and
average profit of the corporation are given
respectively as:

E(Teo® )= [(1-a, )(1+1) - (1+C)(1-B)|F (25)
E _(me?)=3N [g (141) - (1+C)B]F (26)
an(‘n’mml)= Z_I\ﬂ [(l-am)(lﬂ‘l) - (1+C)(1-BL)]F (2 7)

N
The following codes in Netlogo represents the setup
of the strategies of each agent:

Figure 2. setup of the strategies of each agent in
Netlogo

to set-action [strategyl;; Turtle Procedure;; call the strategy
based on the number passed through

if (strategy = "random") [ act-randomly ]

if (strategy = "cooperate") [ cooperate |

if (strategy = "defect") [ defect ]

if (strategy = "tit-for-tat") [ tit-for-tat |

if (strategy = "tit-for-two-tats") [ tit-for-two-tats]

if (strategy = "unforgiving") [ unforgiving |

if (strategy = "custom-strategy") [ custom-strategy]|

end

In the next code we identify how each strategy
works:

Figure 3. How the strategies of each agent work in
Netlogo

to act-randomly;; Turtle Procedure ifelse (random 2= 0)
[set defect-now? false]

[set defect-now? true]

end

to cooperate;; Turtle Procedure set defect-now? false

end

to defect;; Turtle Procedure set defect-now? true

end

to tit-for-tat;; Turtle Procedure ifelse partner -defected?

[ set defect-now? true |

[ set defect-now? false |

end

to tit-for-two-tats;; Turtle Procedure ifelse (partner-defected?
and partner-defected-past?)
[set defect-now? true]

[set defect-now? false]

end

to unforgiving;; Turtle Procedure
defect-now?)

[set defect-now? true]

[set defect-now? false]

end

ifelse (partner-defected? or

The final step in the coding identifies how each
agent payoff is calculated. This include the gross
payoff (in Netlogo this is called gross cost) and the
net payoff (called score) which takes away the
opportunity cost of each agent. Due to its length we
leave it to the appendix where we provide the setup
and run time procedure.
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4. RESULTS AND DISCUSSION

We run a Netlogo simulation using different values
of our decision parameters for 1000 runs. Since each
period is composed of two consecutive actions, this
represent 500 rounds. We take an initial case where:
0t = 30%; a=50%; Rp=20%; r = 30%; p = 10%; ¢ =10% ;
Bt =60%.

One Stage Game

In this case, since the bank starts first, its available
strategies are only two: Co- operate or Defect. The
corporation on the other hand has four strategies:
Cooperate; Defect, Tit-for-tat and unforgiving. the
strategies of the corporation are in fact either
cooperate or defect depending on the previous
action of the bank. the following table shows the
result for our game:

Table 1. Payoffs to bank and corporation in a one stage game

As we can see clearly a Nash equilibrium exists
under (Defect; Defect). However for the game to be a
prisoner’s dilemma, both players have to do better if
they coop- erate.ie mutual cooperation should yield
a better payoff than mutual defection. The problem
we have is that the bank is the only one to be doing
better if both cooperated. in our case the bank
moves from 400 to 10000. If the corporation
cooperated and the bank cooperated too , the
corporation payoffs moves from 19600 to 10000.
This means that, the corporation is getting worse off
while the bank is better off when mutually
cooperating. Since, only one agent can be better off
by cooperating, the PLS in our case of one stage
game is not a prisoners dilemma case.

Corporation
Cooperate Defect Tit-for-tat Unforgiving
Bank Cooperate 10000;10000 -500;20500 10000;10000 10000;10000
Defect 13000;7000 400;19600 400;19600 400;19600
NE ﬂ

Repeated game

We then randomize all parameters simultaneously
for 1000 runs in the following way:

Table 2. Parameters randomization intervals

Parameter Randomization Interval
P [0 0,3]

o [0 0,3]

B [01]

A [0 0,8]

Rp [0 0,5]

R [0 0,6]

C [0 0,2]

We have the following results:

Table 3. Netlogo results of the corporation and bank payoffs

Corporation

Random Cooperate Defect Tit-for-tat Tlt-g)gtwo Unforgiving

Random 72;18149 5720;12236 | -4818;20036 553;18315 145;16585 -5259;22168

Bank | Cooperate -534;18589 | 4395;12484 | -5930;21764 | 3109;12328 4344;13433 | 4526;12830
Defect 822;1563 6575;10554 | -5472;22964 | -5531;22029 | -5349;21956 | -4917;22764
Tit-for-tat 243;17642 | 4688;12474 | 5511;22524 5081;12359 4087;12670 | 3879;12921
Tit-for-two tat | 1222;15273 | 5505;13423 | -4886;22576 | 3853;12638 3794;12862 | 5283;12754
Unforgiving 7537;5175 | 4671;13017 | 6967;5411 5139;14101 6114;12565 | 4781;13273

Given the above results, the best response of the
corporation for every bank strat- egy is to defect
except when the bank performs an unforgiving
strategy. In such case the best responses of the
corporation is Tit for-tat. Since in our model, the
unforgiving behavior implies a cooperative behavior
at the start of the game, this means that: Tit for-tat
implies a cooperative behavior too.
Performing a Tit-for-tat behavior by the corporation
implies that the best strategy of the bank is to
perform an unforgiving strategy. This implies that
the strategies:”Unforgiving” for the bank and”Tit-for-
tat” for the corporation represents Nash equilibrium.
The findings suggest that no party has an
incentive to deviate from their strategies. Any
deviation results in a lower (if not negative) profit to
one party and a higher income to the opponent. The

NEﬂ

fact that the bank has developed an unforgiving
strategy suggests that the corporation will consider
the negative outcomes of deviation and therefore
cooperates by the strategy: Tit-for-tats.

5. CONCLUSION

In this research we have tried to reduce the moral
hazard problem which results from the corporation
defection by misreporting its project results. To do
so we have applied a repeated game theoretical
approach using Netlogo as multi-agent based mod-
eling interface. In a one stage game we found a
simulation evidence that the PLS is not a prisoner’s
dilemma case as the two agent are not mutually
better off when they cooperate. In a repeated
framework, we found simulation evidence that Nash
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equilibrium occurs when the bank develops an
unforgiving strategy towards defection. Taking that
into consideration, the corporation’s best response
is found to be: Tit-for-tat. Since the bank is assumed
to start with a cooperative behavior under the
unforgiving strategy then Tit-for-tat, in this case,

implies also a cooperative behavior.

A future

extension of this work is to convert the current form
of our PLS contract into a declining balance PLS
where the ownership of the project moves gradually
from the bank to the corpo- ration. To illicit
cooperation of the corporation we propose the
transfer of the project’s ownership to be possible via
the application of real options.
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