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RESUME. En partant du modéle généralisé de Osman Khodr et Francine Diener [1], nous présentons un nouveau modéle
qui répond aux attentes de l'institution de microfinance (IMF) et celle des emprunteurs et qui incorpore toutes les caracté-
ristiqgues des populations pauvres, a savoir la tolérance en cas de défaut partiel et la possibilité d’avoir un prét progressif de
facon automatique. Ce modéle offrira aux institutions de microfinance un outil d'aide a la décision plus adapté a la réalité
de la microfinance. Notre chaine de Markov comprend plusieurs états associés a la situation économique de I'emprunteur
dont trois types de bénéficiaires By (état d'étre bénéficiaire au temps ¢ = 0), B2 (état d’étre bénéficiaire au temps ¢t = 1)
et I (état d'inclusion financiére: bénéficiaire permanent), un état de demandeur A' et AT—1( (T — 1) états d’exclus).
Nous avons modélisé le comportement d’'un emprunteur par un parameétre A qui dépend de la probabilité « de réussite de
I'emprunteur. A l'instant initial, A = % cette quantité change dés que I'emprunteur passe d’un état a un autre avec une
probabilité de réussite différente de a. La décision de I'agence d'accorder un crédit dépend entierement du paramétre A
qui est comparé aux valeurs-seuils subjectives fixées. La chance ~ d'avoir un prét (y: probabilité de demande de crédit
1

accordée) pour un emprunteur est fonction du parametre A, avec vy = 1 — <.

ABSTRACT. Starting from the generalized model of Osman Khodr and Francine Diener [1], we present a new model
that meets the expectations of the microfinance institution (MFI) and that of the borrowers and that incorporates all the
characteristics of the poor, namely tolerance in case of partial default and the possibility of having a progressive loan
automatically. This model will provide microfinance institutions with a decision support tool that is better adapted to the
reality of microfinance. Our Markov chain consists of several statements associated with the economic status of the
borrower including three types of recipients B; (state of being beneficiary at a time ¢ = 0), B» (state to be beneficiary at a
time ¢ = 1) and I (state of financial inclusion: permanent beneficiary), an applicant state A* and AT~ ((T — 1) excluded
states). We modeled a borrower’s behavior by a A parameter that depends on the borrower’s « probability of success. At
the initial time, A\ = }f—g this quantity changes as soon as the borrower moves from one state to another with a probability
of success different from «.. The agency’s decision to grant a credit depends entirely on the A parameter which is compared
to the set subjective threshold-values. The chance ~ to have a loan (: probability of credit request granted) for a borrower
depends on the parameter A\, withy =1 — %

MOTS-CLES : Microfinance, Décision d’octroi de crédit, chaine de Markov, Prét individuel, Incitation dynamique, Profit
espéré actualisé
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Profit




1. Introduction

The microfinance institution (MFI) is an important lever fille economic development of the poor.
Despite this, some populations are not yet served by themyahd others, already customers, are entering
a vicious circle of debt. Seen from this angle, is it not neagegthat it must question their model of granting
credit to achieve not only this ultimate goal but also itsaimsbility ? Inspired by the learn method studied
of study by the economist G.A. Tedeschi [7], Osman Khodr arahéine Diener [2] built an individual
loan model using the spirit of successive loans as a dynamentive. Indeed, in the model of Osman
Khodr and Francine Diener, the MFI is threatened with tweet/pf non-repayment : strategic defects or
defects resulting from an economic shock. According tonmislel, the loan agreement provides incentives
to discourage borrowers from following strategic flaws whilbnsidering an inevitable economic shock.
This model presents repayment incentives as the repeat¥ddtion between borrower and lender : each
repayment of the loan at maturity leads to a new loan contvhite excluding the defaulting borrower, for
some time, from the lending activity. Lansana Bangouratfgsses the importance of this to better manage
credit and to overcome the difficulties faced by the micrafe®institution (MFI). In this regard, he proposes
as a possible solution the monetary bonus for the efforteélt loan repayments.

The behavior of the borrower is unpredictable. This unmtadiility makes the reality more complex.
But a model is good if it makes this complexity simpler and enstndable. The generalized model of
Osman Khodr and Francine Diener does not take into accauhtahore advantageous techniques that can
be applied in the lending activity. Their model incorposat® flexibility in the decision : a zero-tolerance
model for the defaulting party (exclusion for a certain parof time), whether partial default or total default,
and a loan model of the same size for all future stages of tbisida for a successful borrower. It is therefore
a question of extending the existing model for broad coweraigd protection of participants. Thus, our
objective is to build an individual loan model that meetsakpectations of the MFI (dynamic incentive) and
those of the borrowers (secure their daily life through aiffliexoffer adapted to their capacity to counter the
permanent risk of falling into the state of indigence). Tinigdel will take into account all the characteristics
of the poor and stigmatize them. Through this model, we hopéfér institutions a tool for decision-making
more adapted to the reality of everyday life. We considee ltee non-monetary effort bonus presented in
Lansana Bangoura’'s work as an automatic increase in thergrmbuaredit and a fall in interest rate. Like
the Khodr and Diener model, we will use the Markov chain tigebat we will not present here to achieve
the desired result.

Hypotheses describing all the possible states at maturiyttze different procedures applied according
to the investment result, will be presented in the next sactdere we have taken up, among them, three
hypotheses of Khodr and Diener. We will present in the théctisn our model of individual loan. We will
finish our work by presenting the expected profit of the pguginots followed by a discussion.

2. Hypotheses

In addition to the assumptions made in the model of Khodr aed&, as for our model, other hypotheses
have been added :

— (H1) : The MFI finances only existing activities. Any credit restifor a new project is not admissible.

— (H2) : The expected gross wealihy, = (w1, wa, ..., ws) is @ random variable dependent on the states
of nature.

— (H3) : The interest rate, (0 < r < 1) may vary according to the state of nature (a low rate for a
borrower who enters the circle of the permanent beneficistatd 1)). Let's note-, the interest rate for a
state’s of nature.



— (H4)[2] : The borrower is successful if he pays back all of hislloeharged an interest raitg fixed at
the time of the contract and automatically receives a new faam an additional unit or from the same unit
for the next period.

— (H5)[2] : The borrower is in default if he has not repaid, therefde will not receive a new loan for
following T'(T' > 1) periods.

— (H6)[2] : After the exclusion, he applies for a new loan and hiardde depends on the number of
eligible applicants and the limit on the number of borrowiarthe loan portfolio. For the first period follo-
wing the exlusion let's note their application acceptanabability asy (0 < v < 1), while 1 — v is the
probability that his candidacy will be postponed for thetrperiod, and so on.

— (H7) : Itis only in the first contract that the IMF tolerates, atshal(1 < d < 3) partial defaults of
repayement for a lump sumas a penalty for each defect. If the borrower exceeds the awdrduthorized
defects, they will be excluded for a period of time. Otheryis renewal of a new loan of the same size will
be possible.

From these assumptions and from the fact that the borroveeliqis his future from his present state but
not from his past, we model the different states of a borrdwea Markov chain. The use of the Markovian
process allows us to evaluate the expected inter-tempofd pf the borrower.

3. The model

3.1. Related works

Many economists have worked on dynamic lending incentikesong them, we quote Hulme and Mos-
ley [9], Armendariz de Aghion and Morduch [8], and Ghosh araah Wassel [6] who, in their studies, built
exclusively two-period models . Lansana Bangoura [5] lsudd optimal loan contract model based on an
effort oriented bonus to mitigate the problem of moral hdzamd adverse selection. Tedeschi [7], for his
part, adapted the two-step dynamic of Green and Porter filBlild a model that takes into account all
future stages of the borrower. For their part, Nahla Dhilanéme Diener and Marc Diener [3] presented
a four-state model that mathematically models, with thekdarchain, the evaluation of the impact of mi-
crocredit to reach a large number of individuals with lowdnte. Convinced that some aspects of this will
advance research in the field of mathematical modeling imafilance, Osman Khodr and Francine Diener
[2] have generalized the Tedeschi [7] model and the fouestaidel of Nahla Dhib, Francine Diener and
Marc Diener [3] while automatically renewing the loan anépimg the same size, when the borrower does
not default and in the oppositi case nothing. Osman Khodrraadcine Diener put in their model the em-
phasis on determining the optimal contract between theol@nr and the lender. They assume that, in all
future stages, the contracting parties have an activityléisés for several periods.

As this is an extension of the model of Osman Khodr and Franbiener [2], our model stands out for
its ability to better explain, on the one hand, the behavierFI should have in its moves to offer credit or
loan and build a stable relation of trust with its customad,an the other hand, that of the business person
in order to be able to benefit from the possibility a progresaind continuous financing if their project.

3.2. Presentation of the model

In entrepreneurship, it is universally accepted that tleeafdorrowed funds (combined funds : equity
and borrowed funds) generates more profits than passed itg.&idws, to undertake an income-generating
activity, obtaining credit for financing is a prerequisite fuccess. On the other hand, to get a loan contract
is to take risks related to the project to be financed. Theks dre sometimes predictable and unpredictable
hazards (states of nature) that interfere with the crediisitsn and shape the behavior of borrowers to meet
their responsibility and commitment.



Let's noteS the number if nature states. For each nature stéteo cases can arise, either the borrower
repays his loan, or he fails. Our model provides a partidt falerance (Hypothesid7), but the total failure
costs it an exclusion for several periods and places it iraanfiff state. Thus, theé states of nature are as
follows :

S ={By,By, I,AT, AT-1 A%}

Where B; represents the profit state of the first lod#, that of the second loan of the same unit as the
previous one or more than one additional unit according ¢ortheds of the contracton(Bs2) > u(B;)
whereu(B;) denotes the unit loaned to the stdte (according to the HypothesH5). I is the state where
the borrower automatically enters the circle of the permabeneficiary. As forA” it is the state where
the contractor will be excluded faF periods as a result of exceeding the number of deféetsthorized
repayment andi! is the state of a loan applicant. Since the decision to gnattittdepends only on the
beneficiary’s recent past, the exclusive use of Markovigomy as a methodological tool has been of great
help. In this respect, we have assigned to each state oerapuobability called the Markov chain probabi-
lity describing all possible states of the beneficiary dgiime contract. Thus, the stochastic matfixf the
chain from one state to another is :

al ol 0 l—a; 0 O 0 0
0 0 Bs 1-5, 0 0 0 0
0 0 1-6; 05 0 0 0 0
0 0 0 0 10 0 0
p=|0 0 0 0 0 1 0 0
0 O 0 0 00 --- 1 0
0 O 0 0 00 --- 0 1
v 0 0 0 00 -+ 0 1—vy

And the following figure represents the Markov graph asgediith theP pass matrix

Figure 1. Markov graph with probabilities of transition from one stdb another

1—a,—Bs 11—~
*—%m 1 1 N
Bl —=DBy—— [ —— AT AT Al —— Ai-1 Al

The transition ma]trlx ?épresents the proportions of berafes and loan seekers in different states of
nature. We are also seeking to know how these proportiohgvdalve over time. Moreover, institutions that
provide business person with the means of financing theiratiosiness are seeking a system of balance
of credit. This system of balance allows the agency not totpotmuch emphasis on one parameter at
the expense of another (for example, for a given MFI, indreathe probabilityar can be summed up as
not granting only when it can secure a high chance of projgatess, but it will be at the expense of the
~ probability since more credit applications would then havée rejected). However, the rejection of a
greater proportion of demands is displacing MFIs from thationale : to promote access to finance for the
entire poor population. The income that a borrower will eamra unit invested is generally uncertain. The
model therefore offers the borrower the default policy prdion constraint and the continvity constraint.
This behavior is studied according to the states that ocdine sequenceX, X, - - - , X,,) of n transitions.
The "Beneficiary-Beneficiary" event is a transition fromimgva loan and staying there. L@t= BB be this
event and\ the parameter that models the behavior of a borrower, With 5 No whereNg is the number of
times to have a loan in the sequendg; = Zn>1 l{x,=p}y andNg is the number of times to be successful
in the sequenceYo = -, 1{x,-B x,,,—5} andl is an indicator function.



Let's setr = inf{n > 1 : X,, = B} and put the three states where the borrower has credit ifto a
state B = {B,, Bs, }). Let S’ denote the new states wiif = {B, AT, AT=D .. A'}. At the initial
time, the chain chooses a state according to the initiallamote B this state and stays there for a duration
of geometric law orlN* of parametey; (B, B). When this time has elapsed, the chain randomly chooses a
new state following the probability( B, .)/(1 — ¢(B, B)), with ¢(B, B) # 1.

Proposition 1. : Let (X,,,n > 1) a Markov chain with values i1§.

Lets putS’ = {AT, AT-1 A}, fork > 2, we have {r = k} = {X; € §",--- , X} €
S". Xy, = B).
]PB(T = k) :PB(Xl S SN7~ o, X1 € S//,Xk = B)
=(1-¢)F ¢
So

E(rp) =150 k(1— )"
=1 (B +1)(1—9)" g
:q(ZHZI k(]' - q)kil + anl(l - q)kil)

=q(z + )
_gid
q
From thisNg — q% whenn — oo.
Let EZ be thek™ entry time inB and letD? be the duration of théth residence time i3. D is the
integerNg which checks {Xps = B, , Xps,;_ = B, Xps,; # B}. Xps, ps is the place where

the chain jumps out oB3. With these ratings, we have :
Pp(Xpp = B, , Xppyi = B, Xpp i # B/EY <o0) =Pp(Dy =i+ 1/Ef < o0)
:qk(BaB)(l - q(B?B))
So
E(DkB) :Zn21 qu(BvB)(l_q(BaB))
=(1 = q)g Y5 k¢!
—(1—q)q
(1—q)®
_q_
1—q
HenceNg — 1%"(1 whenn — oo. The parametek thus prends its value by the data of the parameter
q. SO,\ = % By setting two thresholds,,,;,, and\,, .., she will make her decision as follows :

1) if A < A\nin, the borrower will be excluded from the lending activity forfollowing periods
(AssumptionH5 et H6).

2)if A > A\nae, the borrower will receive a new loan of a higher amount adicay to his needs
and/or benefit from a reduced rate (Hypothdd8st H4).

3) if A € [Amin, Amaz), the borrower will continue to benefit from the loan of the sammount and
the same interest rate (Hypothekig).

3.3. Constraints imposed on model variables

According to the study by Osman Khodr and Francine Dieneggtltypes of constraints are assigned to
their model, namely : the participation constraint, thestmaint of preventing the default strategy and the
continuity constraint. As for our model, no change has beadato these constraints.

3.3.1. The constraint of participation

One of the necessary and sufficient conditions for grantieditis the financial viability of the project.
A project is financially viable if the expected wealth wilkdgely cover the loan repayment. Thus, assuming
that the expected gross wealth in thstate of nature, of a unit invested Wig; (W, > 0) positive on success
and zero otherwise the participation constraint is as\glo



Wy 1 1
3 = N
Ws 1 rs
For the sake of simplification, we simply writé¥/; > 1 + r,.

3.3.2. The default policy prevention constraint

Given the high risk of non-repayment in microfinance, it seekprotect itself while creating a dynamic
incentive strategy : automatically benefit from a new loacdse of repayment and exclude foperiods in
case of default . For a rational borrower who is risk avetse réstraint constraint that is interpreted as an
opportunity cost is written :

Ws—(1+7r,+C)+6V(s/s—1=B)>W,+6V(s/s — 1= AT)

WhereC'is the incompressible consumptia@rthe discount ratd/ (s/s—1 = B) the expected net future
profit of a loan recipient, antl (s) /s — 1 = AT') is that of an excluded fdF periods.

The business person must choose after calculating the tpjityr cost of continuing to be a credit
recipient or falling into the applicant’s state where helwe may remain for a lifetime. The establishment of
the central credit risk allows to strengthen the defaudttetyy prevention.

3.3.3. The continuity constraint

As a financial intermediary, each credit grant of one unitstd®e agency, in astate of nature, a certain
sumz,. In order to ensure the continuity of the loan activity, tkpected reimbursement amount must cover
the cost of the loan. Thus, the continuity constraint result

1 1 1 Z1

(@0 - as) 1oy = o4
1 rg 1 zs

Where o represents the probability of success of the borrower'septan the s state of naturea; is
the probability that depends on the statand values the outcome of the contractor’s project. Thus, it
determined by the data of thé Wy, ) function of the net profit, from a unit loaneds) to a possible state

s invested in the project, before tax of the contractag = y(mss’)”s) = WS’(;;’)“ﬁC) [3] L.

4. The participants expected profit

4.1. Atthe level of the borrower

4.1.1. Enjoy a period

If we consider a project for which we are considerifigpossible states of nature (eg favorable and
neutral : possibility of repayment, unfavorable : defatdiltepayment), withw; the probability of success of
this project and — «, otherwise, the profit of a period, of a unit invested is :

as[Ws — (1+75) +C|

The approach consists of determining the different inteparal benefits expected for all future periods and
for each possible state of nature.

1. The authors evaluate the probability of success according to the investment result. We have adopted this formula by
modifying certain aspects



4.1.2. Total profit return

Définition 1. : Let (X;,¢ > 1) be a Markov chain. we assume that for any positive funcbonndedf and
for each trajectory &, X, 11, - . .) of the Markov chain, we define : L¢t: S « .S — R describe the profit
of an investment period, such as :

Ws—(1+rs+C+ (pxd)) if(s,s—1)=(By1,B1),d=1at3
W, — (147, +C) if(s,s —1) = ((By, By)and(I, By)) 1)
W, — (1+rg+0) if (s,5 — 1) = (I, 1)
if not

f(s=B/s—1=DBy) =

Wherer is the reduced interest rate of a beneficiary who can buildablstrelationship of trust with the
MFI (with 75 < r). This function represents the profit of passage betweerstates of the Markov chain.

Proposition 2. : Let (X;,t > 1) be a Markov chain. We assume that for any positive functionntdedf
and for each trajectory X, X,.+1, - . .) of the Markov chain, we define :

F(Xm7 Xm+17 o ) = thl 5t7m71f(Xt—la Xt)

Demonstration : We will evaluate this function by using the Markov propeatyd discounting the ex-
pected cash flow at the future of standard base period, witecauht ratej(0 < ¢ < 1), for this we note
that :

F(Xmy Xmt1,---)  =f( X, Xing1) + 0F (Xont1, Xomt2, - - )
:f(me X’m+1) + 5(f(X’m+17 X7n+2) + 5F(X'm+27 X’rn-i—?n .. ))
=f (X Xmt1) + 0f (Xnt1, Ximga) + 0% (f (X2, Xinga)+
0F (Xpt3, Xty --2))

=D i1 S f (X1, Xy)

Définition 2. : Let (X;,¢ > 1) a Markov chain with values in & state space compared to a filtration
(g¢;t > 1) transition matrixP, letm a time out compared to the same filtration, almost surelyHis the
total net profit expected at timedepending on the stateof nature,s € S, (X; = s) by V; : S — R, for
any functionf bounded is such that :

Vi(s) = E[F (X, Xit1,---, /Xt = 8)] = Vo(s)

Indeed, we will proceed to the evaluation of the conditiamglectation
E[F(Xm, Xm+1,---, Xm+t/gm)]. FOr any integet, {m < t} is a set ofg; or equivalently{m = t} is
a set ofg; and we suppose further thB{m < +oo) = 1. We note then thafm = k} is in g, and that
F(Xo, X1,...,X;) is an independent random variable frgin

Vi(s/s—=1) =E[F(Xm, Xmt1s---r Xmtt/Xm =5 —1)]

:Ekzo E(P(m = /{i)F(Xk,X;H_l, e an+t/Xk = S))
:f(Xm7 Xﬂl-‘rl) =+ 6f(Xm+17 X7n+2) + 62(f(Xm+27 X7n,+3)+
(Xm0 B(m = k) (E(F(Xo, X1,.... X¢/Xo = 8))
:Zt21 5t_’m_1f(Xt71,Xt)
=E[F((Xo, X1,...,X¢/Xo =5 —1))]
=Vo(s/s — 1)

This proves thatX,,,, X;n 41, - - . » Xm+t) has the same law 8%, X7, ..., X;) and we can deduce that

Vi(s/s — 1) = Vu(s/s — 1). So just determin&;(s/s — 1) for any states € S of nature.
According to the proposapy,

VE)(S/S — ].) = E((f(X(],Xl) + 5F(X1,X2, .. ))/X() =S5 — ].)



Applying the conditional expectation and the Markov prapere obtain :

Vols/s —=1) = 3 (5. 641,.e5)(f(s = 1,8) +6Vo(s/s = 1)) x Ps_1 s

WithP,_q s = P((X;41 = s/ X, = s — 1)) is the probability of transition, in a step, from state- 1 to
states. To determine the quantify;;(s/s — 1), three cases can occur :

— For{s — 1 = By}, two cases can occur :

- First case: if the borrower defaults either partially or completeletonly accessible states in the chain
from the B, state are3; andA” (i.e s = B; or AT), with the following transition probabilities :

_ al it A€ Mmins Amaz] = 5 = B1
Ps1s { 1—as iFA<Apin=s=AT 2)
with o the probability associated with the total repayment of thbtcénda!, that associated with the
partial refund, and check the relations = o/, + o anda” > ol.
So,
Vo(s/s =1=B1) = (f(B1,B1) +Vo(s = Bi/s —1 = B1))Pp, B, + (f(B1,A")
+6Vo((s = AT /s =1 = By))Par p,
=Wy —((1+75) +C+ (pxd) +6Vo(s = By/s — 1= By))
+(1 — as)(0Vo(s = AT /s — 1 = By))
- Second case the borrower repays in full his loan without default. Thdyoaccessible state from the
stateB; is By with a transition probabilitf, 5, = o if of coursel € [Anin; Amaz] = s = Ba.
So,
Vo(s/s —=1=DB1) = (f(B1,B2)+0Vo(s=Bz/s —1=DB1))Pp, p,
=" (W, — (1 +7,) +C)+6Vy(s = By/s — 1 = By))

— For{s — 1 = By}, the only accessible states of the chain from the sbatarel andA” (i.es = I or
AT), with following transition probabilities :

B Bs IfXNE [Nminy Amaz] = s=1
Ps1s = { 1= B, if A< Apin = 5 = AT (3)

Thus,
%(S/S —1= BQ) = (f(B27I) + 6V0(S = I/S —1= BQ))]P)I7B2 + (f(BQ,AT))
+5‘/0((5 = AT/S — 1 = BQ))PB27AT
=Bs(Ws — (14rs) +0Vo(s=1/s —1= By))
+(1—=B5)(6Vo(s = AT /s — 1 = By))
—For{s — 1 = I}, the only accessible states of the chain from the stateeI and A” (i.e s = I or
AT), with the transition probabilities following :

1= 0, 0fA> Apag =5 =1
Ps—l’s_{ B, if A< Amin = 5 = AT @

Thus,
Vo(s/s —1=1) = (f(I,1)+Vo(s=1/s —1=1))Pr,; + (f(I,AT)
+6Vo((s = AT Js =1 =1))P; ar
=(1—-0)(Ws— (1 +rs)+0Vo(s=1/s—1=1))
+0,(Vo(s = AT /s — 1 =1))

— For {s —1=A4"i=Tto 2}, the chain stays fol’ — 1 periods in its current state before the to
leave. Thus, the only accessible state from the sttes A°~!, with an almost sure probability worth

(]P)Ai,?Ai—l - 1)



- For{s —-1= Al}, according to the hypothesislg), we havey the transition probability from1! to
Bi(Pa: g, =) andl — v to stay inA! (P41 a1 = 1 — ). We will study for the Markov chaiiX;, ¢ > 1)
on a state spac§ the time spent in the staté' before leaving it. We suppose to fix the idelis = A'

almost surely and we write = {inf(t) > 1, X; # A'} the first moment to be a loan recipient after being
in the A state, them is a time out.

We have of course, far=1:

Pp(r=1)=Pu(X; #A) =1-pA,A) =1—~

And more generally, far> 2 :
]P)Al (T = t) = IPAl(Xl = AI,XQ = Al, .. .,Xt,1 == Al,Xt 75 Al)
:Zkzo ]E(IP(m = k)F(Xk,Xk+1, AN an+t/Xk = 5))
:PAl(Xl = Al,XQ = Al, . 7Xt—1 = Atl)
P (X; =AY Xy =AY X = AL X, = AY)
=((p(A', A))I1) — ((p(A}, A1)
=((p(A", AN)H (1 = p(AT, AY)) = (1 ="y
=Vo(s/s —1)
The law ofr is therefore a geometrical law. AB(X,, X1,...) = 6"F(X,, X;41,...) and after this
who is before :
]P)Al(’l':t) :E(F(Xo,Xl,)/X():Al):Al)
=E(E(0"F(Xr, Xr41,...)/Xo =AY, ..., X, 1 =AY X, =35)/Xo = A)
=E(E(5"F(Xr, Xr41,...)/ X, = 8)/Xo = AY)
E(0"Vo(s/s —1 = B)/ Xy, = A)
=E(6"Vy(s/s — 1 = B))
=((p(AY, AN)' (1 — (A, AY) = (1 - )Yy
= ()(S/S —1= B)E((ST)

GOldE(0™) =3, o, F (1 =)y =873, (01 =)t = % by crossing to the limit.
To achieve the desired result, the quantity must then beleaédVy(s/s — 1 = By).
Vo(s/s —1=DB1) =a(Ws—((1+rs)+C+ (pxd))+Vo(s=Bi/s—1=By))
+(1 — ay)(0Vo(s = AT /s — 1 = By))
=a,(Ws = (1 +75) + C+ (p*d))) + al0Vo(s/s — 1 = Bi)
+(1 — a)6TVo(s/s — 1 = By )E(57)
Vo(s/s —1=DBy) :als(Ws - ((11 +rs) +C +l (p*d))) (1_a155)_(11_a‘5)5T]E(57)

o (Ws = (L +75) + O+ (pxd)))
1—ald—(1 as)t; iy ¢ p—
T Al (-5 —7(-ag)sTF] A, (W = (L +75) + C + (p+d)))
12507

=amaraamst-m-ri=anerr @ (We = (1L +7:) + C+ (p+ d))
And

Vo(s/s—1=DB1)= a"(Wy—((1+7rs)+C)+6Vo(s= Ba/s—1=By))
= (W — (14 7,) +C)
By doing the same fov;(s/s — 1 = By) andVy(s/s — 1 =I), we get :
Vo(s/s —1=DBs) = 1 5(1,7),355(1:28:7/3)+7(1,55)5T+1 Bs(Ws — (1 +7s+C))

Vo(s/s —1=1) = (175(17@)(i:(;((ﬁ:gl))fwsaﬂl (1= 05)(Ws = (1 +75) + C))
Where, finally :

Théoréeme 1.:



In the individual loan model defined by the Markov ch@kfy, ¢ > 1) with values in a state spacs the
total expected profit of a borrower who is in thatate at the time is given by :

if (s,s—1)=(B1,B1),d=1at3 :
51—
e a0 Ws = (L+7) + C 4 (p+.d)))

if (s, s - 1) = (B2, B1)
e (We = (147) + O))
if (s,s—1)=(I,B2) :

Vi(s/s —1=DB) = 1-5(1—7)
s Aaa s —per s (Ws = (L4 7 + C))

if (s,s—1)=(I,1I)
1-6(1— _
s s s —gaarer (L= 0 (Wa = (1 +75) + 0))
if (s,s—1)=(4%1),i=T,1 :

5 _
aosaoassaay e (L= 0)(Ws — (1 +75) + C))

®)

Since the transition probabilities do not depend on time,tttal expected profit is a random variable
function dependent on the possible states of nature (Hgg®H?2) and the interest rate,.

4.2. Atthe level of the MFI

Through the dynamic incentive, for a borrower who repaysahdime its loan, the credits are granted in
a repetitive and progressive way, for amounts adapted teegh&cities of its management. On the other hand,
the MFI stops lending to the one who exceeds the number ofetialefaults. By nature, microfinance has
to cover its costs with the proceeds of their activities. @biave this, among the criteria for granting loans,
the MFI focuses on the expected future profit of a loan apptitaguard against the risk of non-repayment.
By granting credit only to the so-called good borrowers tttal expected profit of an MFI is determined as
the result of their intertemporal investments.

Corollaire 1. : In the individual loan model defined by the Markov chéiy, ¢ > 1) with values in a state
spacesS, the expected total profit of the MFI that is in the statat timet is given by :

if (s,s—1)=(B1,B1),d=1at3 :

1-5(1—7)
Tt s ) e (@s(L+75) = (14 2))
if (878 — ].) = (BQ,Bl) .

Oéh h
(el (1) — (14 20)

if (s,s—1)=(I,Bs) :

Vi(s/s—1=B) = 1-§(1—7)

== =A== =gy (Bs(L 1) = (14 20))
if (s,s—1)=(,1) :

A (L= 0) (14 7%) = (L4 2))
if (s,s—1)=(A"1),i=T,1 :

&5 _
asa—a—sa—a)—eerr (L= 0:)(1+75) = (14 2))

(6)

The proof of this corollary is the same as the preceding #raor

4.3. Algorithmic illustration
Let W2, C,r, andus input values.
1) Calculatex
2) Calculatex and test the threshold value.



3) Funding Decision (Granted or Not Granted).
4) Refund test :
a) If d > 4 then the borrower is excluded ;
b) If d € [1, 3] then calculatd/ (s, s — 1) and go to step 5a;
c) If d = 0 then calculaté/(s’, s — 1) and go to step 5b.
5) New funding request :
AW! =Wt +V(s,s—1)
by Wi =Wt +V(s' s—1)
6) Go back to step 1 and so on.

5. Discussions

At the initial moment, the borrower submits his financinguest to the institution of his free choice.
The institution in turn undertakes to scrutinize the eligipof the application. At this point, the parameter
A modeling the future behavior of the borrower allows you toase between the stafg;, or A' where
the borrower will land. The probability of applying for cieédranted depends op, withy = 1 — % (the
existence condition ol was given in the previous section) . The higher thparameter, the greater the
chance of the borrower having a loan. The value bfs hitherto been estimated from historical data by the
institution. As for us, we assign a value to this parametsetan the future success of the borrower. Our
model therefore leaves no guesswork as to the values taenits parameters. By estimating the expected
gross wealthV; in ¢ + 1, our model is similar to a decision tree that analyzes itsegfinning with the end
and going back in time.

We found thafl (A, I) <<< V (B, B1) < V(Bs, By) < V(I, By) < V(I,I) in both camps. Results
supported by those of Osman Khodr and Francine Diener (2f215Dn the other hand, our results are
opposed to those found by Nahla Dhib, Francine Diener ancc \Déener (2013) [3] who in their four
states model affirm that, whatever the factor of actuabimgtifor a micro business person with diminishing
returns, his flow in the initial state is always profitablejlelne realizes & value in the weak and sometimes
negativel state ".

Our model thus constructed satisfies all the hypotheseemiegbin this article. Our results show that the
Microfinance institution is in symbiosis with its customeFsierefore, in order to maintain this relationship
in perpetuity, microfinance is always looking for a stabledit granting system. The stability of the system
means that the initial probability law towards which theteys evolves remains unchanged over time. The
Markov chain watched from the initial moment has the samedawhe Markov chain watched from any
instantt. We have therefore constructed a model tending towardsiarsday distribution whatever the initial
distribution of the beneficiaries, a result which is confichiy those of Osman Khodr (2011) [4].

Every model is not free of limits. Our model does not claim iy avay to remove the uncertainty
associated with the valuation of future gross wealth thpait of the risk inherent in the granting of credit. In
this respect, we have assumed that the expected gross veealthndom variable without paying particular
attention to its determination. In addition, the thresha@tiies of the parameterare subjective values. The
fate of the borrower costs a lot : a large range of threshdlaevaenalizes the borrower (iJg,,... high). Itis
clear that, whatever the threshold value, this parametsrtpa decision maker neither in a pessimistic state
nor in an optimistic state. The specificity of the probabititstribution of thelV/, random variable deserves
to be underlined W! = W!=! + Vi(s/s — 1) + €, with ¢, — N(0, o). The expected gross wealth of
the yeatt is equal to the gross wealth of the year 1 plus the expected net profit of the ye¢and a random
variation with a distribution of zero mean ang¢l; standard deviation.



6. Conclusion

This article is a proposal for a decision-making model teajetting closer and closer to the reality of
microfinance. The profit patterns that can be achieved, vwehétbm the borrower or lender point of view,
depend on the set of possible states of nature. For this perfiige profits are possible to determine as the
borrower moves from one state to another.

The introduction of the paramet&rin this model avoids risk aversion (underestimation or eakeration
of the borrower). For the case of group loan, it will be thejsabof another article later.
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