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Abstract. Magbool Dada’s capital-constrained newsvendor mogblies that a
newsvendor does not need to pay off the loan fulign his revenue is not sufficient. This
requires the newsvendor to declare bankruptcy am ¢hse, which we call the possible
bankruptcy situation. Therefore, the situationhef Magbool Dada’s model applied is very
limited. We modify and improve the Magbool Dada'odal by assuming that the
newsvendor must fully pay off the loan in any insso that it can be applied widely; We
give two examples and show that even in the passishkruptcy situation, the increase of
the Magbool Dada model's expected profit for thevexwendor is very less and the
bankruptcy risk increases more compared with thised Magbool Dada’'model; And in
the condition of the social optimal order, the abefficiency of the revised model is better
than the Magbool Dada’s model.

Keywords:Capital constraintjewsvendor financing problem; expected profit; bankruptcy
risk.

1. Introduction
There have been a large number of literature oméfnesvendor problem, such as [1], but
until recently studies with capital-constrained siderations are scarce.

Several earlier studies started to focus on issekesed to the capital-constrained
newsvendor (CCNV) [2-4]. Vairaktarakis [2] develdpa series of minimax regret
formulations for the multi-product newsvendor perbl(MPNP) with a budget constraint
by describing certain uncertainties using interasadl discrete demand scenarios. Abdel-
Malek et al. [3] presented an exact solution foartel the MPNP with budget constraints
when the demand probability density function isfamn and a generic iterative method
(GIM). The formula yields a near optimum solutioor fgeneral continuous density
functions of the demand. Later Abdel-Malek and Nwmiatri [4] noted that when the budget
is tight, the methods used in the previous studig@Bld lead to negative optimum order
guantities. This is because they divided the smhugpace into three distinct regions by two
thresholds. But in the third regionthe tight budget is not enough to order all tredpcts.
Therefore they suggested an alternate approachhwietetes some products until the
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remaining ones can fit within the available budget.

More recently, work on capital-constrained nesvelors became increasingly popular
[5-9]. One work proposed an improved solution poare for the fuzzy EOQ model with
fuzzy budget and storage capacity constraints mguke max-min operator [5]. Another
developed a solution algorithm for the constraiW#INP, which was binary in nature and
applicable to general types of demand distribufianctions, both in discrete and in
continuous [6]. For the MPNP, Chen and Chen [7]sitered a reservation policy by
providing discount rate to those customers whondlizng to make a reservation. Ref. [8]
formulates the MPNP with both supplier quantitycdisnts and a budget constraint as a
mixed integer nonlinear programming model due togudiscounts. Zheng [9] investigated
a portfolio approach to the MPNP with budget casts, in which the procurement
strategy for each newsvendor product was desigaedpartfolio contract. It also gave an
efficient solution procedure and provided a sevisitianalysis to the model.

Magbool Dada [1] was the first one who developeéwa approach to CCNV that the
newsvendor could overcome the capital constrainbdoyowing money from a financial
institution. It also illustrated how the institutiadetermined the interest rate according to
the newsvendor’s financial situation.

However, we noted that the situation of the Maglidatla’s model applied is very
limited (we call it the possible bankruptcy siteal): The debtor (hnewsvendor) does not
have any other revenue sources, and does not Iraized assets that can be mortgaged,
too. Once the revenue the debtor gets from thegsold cannot pay off the loan principal
and interest fully, the debtor will declare bankayp We revise the model, broader its
applications; We give two examples and point out: Even in the possible bankruptcy
situation, the increase of the Magbool Dada modsdfgected profit for the newsvendor is
very less and the bankruptcy risk increases momepeced with the revised Magbool
Dada’s model; And in the condition of the social optimal order, the social efficiency of the
revised model is better than the Magbool Dada’'sehdthe mathematical symbols used
in this article are as table 1.

Table 1: The mathematical symbols used in this article

the EOQ for the cumulative
Q classical F() probability m | discounted income
° newsvendor function of of units of goods
problem customer demand
the quantity of good
probability density the newsvendor
Q Lheewli\(/)ean];(c)): () function of market| ¥ | needs sell to repay
demand loan principal and
interest
. the order price n( < cQ,) the funds of the 1, | the profit function
of unit goods °’| newsvendor owns for the newsvendor
p(p> | the price of B=cQ-n Lheewzzl/g(r:wlgcl)er the T, | the profit function
c) unit goods sold f for the bank
inance
the customer the bank rates fc the profit of the
D demand r the newsvendor | '° | newsvendor when no
finances loans
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Note: Subscript notation 1 is for the Magbool Dada’s elpdnd subscript notation 2 is
for the revised Magbool Dada’s model. Some symiablieh are not included in this
table will be described in the following text and would not repeat them again here.

2. Magbool dada model and its issues

2.1. Magbool Dada model

The newsvendor purchase goods before sellingntiti®nough for him to purchase goods
with his own funds, so he loans from the bank, #ueth he sells the goods. The customer
demand probability distribution function is random; the goods unsold cannot be refunded.
After the sales, the sales revenue for the newswanitl be repaid to the bank’s principal
and interest preferentially; the newsvendor optimizes his profit through the changes of the
order quantity. The classical newsvendor’s optiarder quantity, denoted ky, satisfies

F(Q,) =c/ p. Thus the newsvendor’s optimization objective tiorcin Magbool Dada’s
model is written a8!:

maxt, = ~[n+ B+ 1 )F (v)+ pJ) xdF (O)1+ [p]) xdF () + p[*xdF )+ pQF Q)] (1)
Wherey:sz, m=_P_ 2)
p m 1+r

n+B(L+r)F(y)+ p_[oy xdF (x) denotes the newsvendor’s cost and

pjoyxdF(x)+ pjfxdF(x)+ pQF(Q)is the revenue. We substitute formula (1) with
formula (2) obtaining":
m = -0+ pf " F(dx

The EOQ Q for the newsvendor in Magbool Dada model satisfies
mF(Q;) = cF (y) 3)(

2.2. The revision of the newsvendor problem
The reason to revise the Magbool Dada model wikkxgained in the following section,

we will not interpret it again here. First of alle change the formula (1) into:
5n>na/)é'r[a :—I’]—B(l+l’)+ pJ.OQXdF (X)+ pQF_(Q) (4)
wheren + B(1+r)denotes the costs coming from the newsvendor'salagmnd he should

fully pay off the Ioan,pj;2 xdF (x) + pQF (Q) denotes the revenues from the newsvendor
sales.

SinceB =cQ-n, formula (4) can be changed into

T, = -n - (cQ-n)(L+r)+ p[ xdF (x)+ PQF (Q) = -n - (cQ-n)@+r)+ p[* F (x)dx

The EOQ Q, for the newsvendor can be fully characterizedheyKarush—Kuhn—
Tucker situation:

FQ)==. (5)

m

Generally we note thatF(y)>0, so F(Q;) =—>—F(y,) =F(Q}),Q; <Q; . This
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means that the newsvendor can order more quamtittheé Magbool Dada model.
F(Q) =

>==F(Q), so Q <Q,, the order quantity of the revised model is slight

c._¢
m p

less than the classical newsvendor order quantity.lf ﬁ< F(y) then

IE(QI)=%FF(V)<

md+1) =F(Qo),Q; >Q,; on the contrary, turn over. In general, interest

r is a very small number, €9 > Q,, this means that the newsvendor order more gyantit
in the Magbool Dada model than in the classicalsv@ndor model.

2.3. Magbool Dada model’s issues
Formula (1) implies that the newsvendor can onlyy paff the loan for

pfoy xdF (X) = B(L+T)F (y) - pj'oyF (x)dx < B(1+r)F (y)when his sales is less thanlt means

that the newsvendor does not fully pay off the |aawd the remaining IoapjoyF(x)dx is

untreated. Sd-(y) is the probability of not repaying the loan fulby the newsvendor.

Here, the author of the Magbool Dada model mayearifjethe newsvendor’s realized
sales revenue falls short of the loan principle #redassociated interests, the newsvendor
declares bankruptcy, and the bank seizures the gadeeedings. By declaring bankruptcy,
the newsvendor walks way without having to repayghortfalls. This is the typical form
of bankruptcy for the limited liability company usrdwhich the debtor has limited liability.
And in reality, most of the company is the limitiéability company, the firm owners do
not have to pay off corporate loans by using peakproperty.

However, we divide the loans into two cases byedifit debtors: Personal loans and
corporate loans. (i) When the loans are persoralsuendor needs to pay off the loan fully
with his other income or property in case his rexeeis not sufficient, so the newsvendor’s
cost igN+B(L+r), as the description of formula (4), so the formpdoes not apply. (ii)
When the loans are corporate, and the corporagnuevis not sufficient: i) the corporate
will pay off the loans with other sources of business income if the corporate has; otherwise
the corporate will pay off the loans with the fixedsets if it has. At this time, the
newsvendor’s cost ig +B(l+r) as the description of formula (4), so the formdlpdoes
not apply. ii) Therefore, formula (1) is suitablelyp under very strict preconditions: the
corporate has no resource of income from othemlegsiand no fixed assets which can be
mortgaged (otherwise, the corporate can auctiosethssets to pay off its loan), and once
the corporate revenue of this business is notcsefff to repay the bank, it will declare
bankruptcy (we call it possible bankruptcy situaj}io

As mentioned above in 2.2, the author of Magbodld@model may also argue the
optimization order quantity in formula (1) is moend maybe better. This is because the
newsvendor doesn’t pay off his loan fully in thes@aption of the formula (1) and this
decreases his costs, thus, he will order more gedttisinitiative. However, the formula
(1) is infeasible and the optimization order quigriti formula (1) is not the best in most
situations. Only under very strict condition (thmspible bankruptcy situation), this kind of
order quantity will be right. But in this situatiosome of these funds are not paid back, so
the risk is transferred to the bank.

Although the conditions are very restricted in fatan(1), there are some cases that
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may exist in reality (these cases require the gatpadeclare bankruptcy if this business
revenue is not sufficient to pay off its loan. Vil @ possible bankruptcy situation) where
formula (1) is suitable. We will use two numerieabmples to discuss this situation in the
following paragraphs. We will see that the optimpiadfit gotten from formula (1) is only a
little more than that gotten from formula (4), bloé risk in formula (1) increases sharply.
Thus, the order quantity gotten from formula (43liso a good choice.

2.4. The revision of the bank’s problem
Since the newsvendor repays the loan from the halykin any condition, the bank
determines or m to maximize its expected profit.. This leads:

maxT, = Br (6)
Using (2), formula (6) can be rewritten as
maxt, = (p—m)y N
The first-order conditioff> respect tom is:
o = —yx(m)+(p-m XL =0 (8)
m dm
where &¥* _ cFI(n+my/d -myfl(n+my/ d ~Hencec/p=F(Q,)<F(Q,)=c/m. This
dm m?f[(n+my)/c]

allows us to conclude that the bank will selectunhsthaty*(m) >0. As a consequence,

we can conclude immediately that at equilibri%%q:m>o, which ensures the
m

uniqueness of the equilibrium point since the besponse functiory*(m is strictly
monotone, These conclusions are summarized asviollo

Proposition 2.If F (-) is IFR, (a) the Stackelberg game played out between the bank and
the newsvendor has a unique equilibrium pgiftnt) , F*(c/n*) =Q, <Q, =F(c/ p)

*
and®” >0.
dm*

2.5. Some comparative statics
Having established that the equilibrium is uniqwe are in a position to perform
comparative statics about the revision of the newder and bank’s problem. This yields

the following comparative statics with respectto Pand¢ .

Proposition 3.(a) As " increasesy*, B* andr* decreasem* increases. (b) For a given
n, as p increasesy, B, Q r* andm* increase. And (c) for a givey) as ¢ increases;*
increases, bu®, m*, B* decrease.

Applying the Implicit Function Theorem to (5) yisid

dm _ mf[Q]
dn  cF(Q)-my* f(Q)
Since
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dy* _cF(Q -m*y* (Q _

dm* m*? £(Q)
At equilibrium® (Q —m*y* ((Q >0

daB*
dm*>O dy*<0 P <0

Therefore, dn Consequentlydn anddn A

pplying the Implicit Function Theorem (2) yields

CAE N L

5 =

>
dp  1+r dm* dp 1+r

Becausegl >0, B*=m*y , andcd=n+B*, the monotone property ¢t
m*

with respect to p is immediate.
For part (c) substitutingp/(1+r*) for M* and applying the Implicit Function
Theorem yields:

[1- 1 ]Md P Wy,
1+r* dm @+r%? dm

drr _rr@+r
dp p
can be proved in the same fashion as Magbool Daxein

Hence >0. The monotone properties of, Q, B*, n respect to ¢

3. The comparison of numerical examples
Because the formula (1) requires the corporateadedankruptcy if its revenue is not
sufficient to pay off its loang (y) (the probability for the newsvendor does not fyby

off the loan) is also the probability of bankruptdye usep:= F(y) to denote the risk
coefficient of the corporate declare bankruptcy.

3.1. The demand is a uniform distribution
Supposing=1,p=2a=0p=1, and assuming the demamd is a uniform distribution
which is defined in regiop, 1], then,

F(x) = 1,x0[0,1]; ) 0,x<0;
- otherwiseandF(X) =4%,x0[0,1].
1,x>1

3.1.1. The comparison of @ and Q" in possible bankruptcy situation
Using formula (3), we can gef+ = cm+nc-m* =0.5416.

c2 - m?
SubstitutingQ, * into formula (1), the optimal expected profit dfet newsvendor
T (Q*) =0.2523can be obtained.
Then, substituting, * into formula (2), we get the newsvendor’s riskftioent

B(Q,*) = F(y,) =0.126833.
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Furthermore, using formula (5), we obtQirf = % =0.4750,

Substitutinng* into formula (1), we get the newsvendor’s optimsgperted profit
T (Q,*) =0.2491,

And substituting Q,*into formula (2), the newsvendor's risk coeffidien
B(Q,*) = F(y,) =0.091875can be gotten.

In the means ofi, the newsvendor's profit increases by 1.29% unberorder
quantityQ * comparing witl,*, but at the same time, the risk coefficient inse=aby
38.05%. This tells us that although the profit @ages slightly iR *, the risk associated

with it increases more. So we can conclude Bdtis better thaf, * with taking the risk
into consideration.

3.1.2. The comparison of) * andQ, * in the situation of social optimal order quantity
When the newsvendor has enough funds, his ordetitgu@, = l-% = 0.5js also the social
optimal order.

The social optimal profit objective function is:

M, = —cQ + ijQ F (x)dx ©)

SubstitutingQO,Ql* , Q" into formula (9), we can obtain
M, (Q,*) =0.24827<m, Q,*)= 0.249375< 1M, Q, = 0.2¢

respectively. Obviously, the order quanﬁ?f 's social efficiency is better than thatdf .

3.2. The demand is a negative exponential distribign
Let's suppose=1p=2a= 0b= Jand the demang) is a negative exponential distribution

which is defined in the regiolf.~land the mean value is 1, theh(x) =e™™,
F(X)=1-e*,F(x)=¢e™.

3.2.1. The comparison o7 and Q5 in possible bankruptcy situation

m
min—-n

Q*:—C
1

m-cC
expected profitnl(Ql*) -0.34927:Can be yielded from the formula (1) aRd .and

_1 0249¢Can be derived from the formula (3). The newsvesdaptimal

substitutingb « into formula (2) yields the newsvendor’s risk casént
1

B(Q,*) = F(y, =0.380605,

Using formula (5), we can get* = % =0.644357. In this case, we can get

T (Q,*) =0.319226,B(Q,*) = F(y,) =0.180787

when we substitutg, * into formula (1) and (2).
In the means df,, the newsvendor’s profit increases by 9.41% ®jthcomparing
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with Q,* , and the risk coefficient increases by 110.53%4is obvious that the risk
associated witR, * increases much more than the increase of profits e can conclude
that Q, * is better thaf, * with taking the risk into consideration.

3.2.2. The comparison o7 and Q5 in the situation of social optimal order quantity
When the newsvendor’s fund is sufficient, his orgleantity

Q, = -In(%) = 0.693147
p

is the social optimal order quantity.
Substitutindd,, Q *, Q,*into formula (9), we can get
m,(Q*) =0.257418<m, Q, *)= 0.305643% 11, @, ¥ 0.3068:,

respectively.. It is clear that the social effidgrassociated witR, * is better than that of
Q*.

4. Conclusion

In this paper, we revise the Magbool dada modéhabit can be applied to personal loan
and most of the company loans. Comparing with évésed model, The Magbool model

plays a quite limited role on increasing profit eve the possible bankruptcy conditions
which is extremely strict, meanwhile, the risk @hliruptcy is sharply increased. As a
result, our revised model is very useful and itsiaoefficiency is better than Magbool

model as the numerical examples show.
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