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Abgtract. In this paper, an environment friendly Economiod®iction Quantity (EPQ)
model of a single item is considered in which theibess in each cycle starts with shortage
and ends with the end of stock. The whole probEforimulated to maximize profit of the
manufacturer with random business period and thdamness is removed by chance
constrained method. This model involves sellingg@idependent demand and purchased
raw material dependent credit period which are rilesd by two sets of linguistic relations
under fuzzy logic. In addition, a new method of payt of due raw material cost (DRC)
(DRC is paid as soon as it can possible) is presdriwith supported lemma and a
comparative study has been done between the nelwothef payment and the old method
of payment (DRC is paid at the end of cycle). Thedetl is optimized by a real coded
genetic algorithm (GA) developed for this purposthvournament selection, arithmetic
crossover and polynomial mutation. The model isstiated with different sets of
numerical examples for different scenarios. A pcatt application has also been
demonstrated with real world data. Some sensitasitglysis are presented graphically.

Keywords: Fuzzy logic; genetic algorithm; construction afmmbership function; delay in
payment; chance constrained technique
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1. Introduction

The concept of EPQ model with production centersatd counter together is to determine
the optimum produced quantity against the custondermand so that total cost involved
in the system is minimum. In this process, normgdby production firm pays the supplier
for the raw materials as and when these are purdhdow-a-days, with the advent of
multi-national in the markets of developing cousgrilike India, Nepal, China, etc,
competition between the traders / suppliers is v&iff and they take up different
promotional ventures / tools to push the saleehl practice, a supplier provides forward
financing to the retailers i.e. offers credit pdrfor payment to attract more customers. In
this systems, relaxed period for payment is gieehé firm management if the outstanding
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dues are paid within a given credit period. Heeditrperiod is treated as a promotional
tool as it is one kind of price discount becausginga later circuitously reduces the
purchasing cost and maotivates the firms to incréaserdered quantity and to go for more
production.

Goyal [21] firstly explored an EPQ model untter conditions of permissible delay in
payment. Chung et al. [14] derived the optimal ipgcand ordering policy for an
integrated inventory model when trade credit ikdithto order quantity. Chen and Ouyang
[10] developed an integrated fuzzy inventory moalith permissible delay in payments.
These models are developed under the assumptibauppliers offers a credit period to
the wholesaler. This policy is named as singlellerexlit system where in two level credit
system, retailer gets a part of credit achievedthsy wholesaler. Chen & Kang [7]
developed an integrated inventory model considepegnssible delay in payment and
variant pricing strategy. Ho [6] presented integdainventory model with price and credit
linked demand under two level trade credit systienthe last two decades, the inventory
models with trade credit have been widely studigddveral researchers. Recently Das et
al. [1] developed an integrated production invepntmodel under interactive fuzzy trade
credit policy.

Deterioration of units is one of the most ¢alidactor in inventory problems for
deteriorating items. Over the years, there are sonestigations on inventory control /
supply chain of deteriorating items with permissitielay in payment. Aggarwal and Jaggi
[20] and Chu et al. [17] presented the orderindcms for deteriorating item with trade
credit. Jamal et al. [18] allowed shortages inrttoelel of Aggarwal and Jaggi. Chang and
Dye [16] allowed the partial backlogged shortageth iime dependent variation in
deterioration rate in Jamal et al. model. Maragati8al.akshmidevi [26] presents some
fuzzy inventory model for deteriorating items wjttice dependent demand. Ouyang et al.
[11] developed two inventory models for deteriorgtitems with permissible delay in
payment. Some notable research papers of deténigiitems incorporating various types
of assumptions are due to Bhunia et. al. [3], §&8haChang et. al. [15] etc. Most of the
above inventory models are developed with constatdrioration. Recently Sarkar et al.
[2] developed an integrated inventory model withiatsle lead time, defective items and
delay in payment.

In the existing literature, most of the invaytmodels are generally developed with
the assumption of infinite planning horizon. JagigKhanna [19] highlights on a Supply
chain model for deteriorating items with stock-degkent consumption rate and shortages
under inflation and permissible delay in paymentrr@ni [22] pointed out that an infinite
planning horizon is of rare occurrence because thigtpassage of time, the inventory cost
is likely to vary disproportionately, product sfestions may be changed, etc. Also there
are many real-life situations where the assumpifanfinite planning horizon is not valid,
i.e. the time periods of seasonal / fashionabléycts are normally finite and these are of
single period [25] only. Moreover, the demandsustomers change with time, production
process improves with the improvement of technolaggr time, etc.

In decision making problems like inventory ttohsystems being connected with the
available data / possible values of the systemnpeters can not be always specified
exactly i.e. deterministically. There are severaasons for that like lack of input
information, multiple sources of data, fluctuatmgfure of parameter values, noise in data,
bad statistical analysis, etc. For example, it &l \wnown that demand of a commodity
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depends on its price. Now-a-days, in the volatitekat, the price changes very often and
thus it is almost impossible to give an exact madical relation between price and

demand. Similar is the case with order quantity emdlit period though it is a fact that

offered credit period varies with order amount. ,Biat the society, these imprecise

information / relations have been fairly communéchthrough human words such as high,
low, large, medium, small etc. Commonly these ietet are expressed as IF premise
(antecedent) THEN conclusion (Consequent). Thgeedffuzzy relations are handled by
fuzzy inference technique. The commonly used fumfgrence techniques are- Mamdani
type [23] and Takagi-Sugeno type [7, 24]. These taathods are differ in the way by

which the output is calculated. There are sevexstarch papers using fuzzy logic in
different areas of investigation. Ban et al. [9kalissed the stability of a simplest
Takagi-Sugeno fuzzy control system. Recently CHadaty et al. [4] used Mamdani fuzzy

inference technique to solved an inventory modelat€riorating seasonal products with
different price discounts.

Among the optimization techniques for the meddth fuzzy logic, the evolutionary
technigues are more useful. In the literature, @fage several evolutionary methods such
as Genetic Algorithm (GA), Particle Swarm Optimiaat (PSO), Ant Colony
Optimization (ACO), etc. Maiti and Maiti [12] usesimulated annealing (SA) and
contractive mapping GA to solve a production ineepimodel. Gupta et al. [8] used rank
based selection process in a real coded GA foiirgplan inventory model with interval
valued inventory cost. Recently Chakraborty ef#ldeveloped a real coded GA to solve
an inventory model of deteriorating multi-items lwjirice discount and variable demand
defined by fuzzy inference under resource congsain

To derive the relations between fuzzy paramsgisuch as demand and selling price)
and to get the membership function of their différéuzzy values it requires one’s
sufficient experience about the market. Normaltgse values are expressed verbally by
human languages and due to the complexity of hdargguage, it is difficult to derive the
image idea from the above market data. Again idbasit a fact vary from man to man.
Chang [13] presented a methodology of constructi@mbership function for group
opinion aggregation based on a gradation process.

In spite of the above developments, theresamee inventory control problems yet to
be investigated such as till now, none has develdpeentory models with trade credit
defined with the help of fuzzy inference which isnarealistic.

The present model defers from the others for inm@ging the following new ideas.

* Normally, in the inventory models of trade credimount of trade credit is given
deterministically through a numerical value. A tiln is presented by a mathematical
expression in crisp way. In practice, often thidatien is expressed by "words"
linguistically. Here, for the first time, linguistirelations between (price, demand) and
(ordered quantity, credit period) are considered.

* A new method of payment of dues of retailer tpier is presented and a lemma is
presented which assures the validity of the newhatetA comparative study has been
done with the conventional method.

» The business period of the seasonal productfirate and varies every year. Thus the
time period of these products are assumed as rahdwimg a probability distribution.

» The construction of membership function (MF) frtime market / business data is very
important for the model with fuzzy inferences. Heaemethodology is presented for the
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construction of MF from the marketing experts opirs.
» GA is very appropriate for the models with fudagic. Here a GA has been developed
for this purpose.

In this paper an EPQ model is consideredhithvthe business starts with shortage.
The manufacturer purchases raw material from themeaterial supplier with delay in
payment. The trade credit offered by the raw maletipplier depends on the amount of
raw material purchased through some fuzzy ruleterAhe end of offered credit period,
the raw material supplier charges a high rate wgfr@st on the unpaid amount. So, at the
end of credit period, the cash in hand is paidheodupplier. Two methods are considered
for the payment of the dues. Conventionally, duesbkeared at the end of time period. The
proposed new one is clear the dues when the gassshecomes equal to the rest unpaid
amount with interest. The total raw material, regdiin a cycle and the produced
guantities both are stored upto a certain timetheid deteriorations are taken into account.
It is also assumed that it requirég> 1) amount of raw material to produce a single
finished unit. An environment protection cost islad with the production cost in order to
reduce the carbon emission during production. Adeene accessory costs due to
production like laborer cost, we@r tear cost are considered. The per unit item ggllin
price is fixed by imposing a mark-up on per urenitraw material cost and per unit time
demand depends on the selling price. Also the tiorizon is taken as random which
follows the random distribution with known mean atandard deviation. Randomness of
the cycle is removed using chance constraint tecteniThe whole problem is formulated
to maximize the profit of the manufacturer anda ceded GA developed for this purpose.
The model is illustrated numerically. For practigaplication, raw data for the model
parameters are collected from a manufacturing iirimdia and these are represented as
fuzzy numbers by constructing their membership fions. With these data, optimum
inventory policy is derived for maximum profit wifluzzy selling price, demand, trade
credit and ordering quantity. The difference betwd® conventional and new methods of
clearing dues in graphically presented. Some usefations between model parameters
are also graphically depicted. The rest of thisspapranged in the following manner.

In sections -2, -3 and -4 some discussion lmen made about fuzzy inference,
chance constraint technique and a method of canistruof fuzzy number respectively.
The notations and assumptions for this model isrgin section -5. The formulation of the
model and the effect of trade credit on it are @spnted in the sections -6, -7 and -8
respectively. The fuzzy relations used in the madelgiven in the section -9. Section -10
contain some discussion about GA process and thienap results with sensitivity
analysis are made in section -11. Some discussioat ahe model and the conclusion are
made in sections -12, -13 respectively.

2. Fuzzy inference methodology

The term "inference" refers to a process of ohtgimew information by using existing
knowledge and it is commonly referred to as IF-THENe-based form. It typically
expresses an inference such that if we know gffmetnise, hypothesis, antecedent), then
we can infer or derive another fact called a casiolu (consequent) i.e. "If xid Theny

is B ". Different steps of fuzzy inference process are-

Fuzzification of input value. When a value of premise is given as an inputust
correspond to some one or more linguistic fuzzg adth some membership values.
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Rule Strength Calculation: After the inputs are fuzzified, the degree to ahéach part

of the antecedent is satisfied for each rule issind'he degree of a rule is the rule strength
of the corresponding rule. If there are more thae antecedent then the rule strength is
calculated by the standard min operaof, = A{u®i;(x),uRiz(y),-}, where
pRiz(x),uRiz(y), - are the membership values of the inputg, --- to the antecedents
A, B of the ruleR;. Thus the output is a single truth value for et and this is the rule
strength of the corresponding rule lies betweendla

Fuzzy output: After calculation of rule strength for each rulee fuzzy output implied
by the rule is the area bounded by the line comeding to the rule strength calculated by
standard aggregation operawfu ;(x) , usz(y), - }-

Defuzzification: The defuzzification process consists of fuzzy atignd gives a crisp
value as an output. Here centroid formula, whit¢brres the center of area under the curve,
.. Jxux)
is given by, outpet )
3. Chance constraint
Chance constrained programming is one of the tedesi of stochastic programming
which deals with a situation where some or all peaiers of the problem are described by
random variables. In this discussion chance canstsataken as
Prob(IN.T —H| < B) = pr

where  is the random variable with meamp and standard deviatiomz; andNT is
the deterministic from off. This can be rewrite as

Prob(N.T -p < ﬁ) > pr and Prob(ﬁ —N.T< ,6’) > pr
From the first inequality

Prob(N'T_fﬁ_mﬁ < H;:ﬁ) > pr

Now :’7 represents the standard normal variate with néeamd variancel.
H
ie. Prob(NT-g<H) = 1 - F(-—L"8
H

where F(x) represents the continuous distribution function sibndard normal
t2

distribution. Lete be the standard normal value such thét) = pr = \/%f_gw e zdt.
Then the statemenProb(N.T — B < H) = pr is true if and only if

N.T-B-mg
#S—e:N.Tﬁmg+ﬁ—e.ag

H
Similarly from the 2nd inequality it can be reduded
mg—f —¢eog < N.T
Therefore the equatioRrob(|N.T — H| < B) = pr can be reduced to,
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mg—pf—cog < NT < mg+f—¢cop where,

1 & t2
pr = F(e) = \/Z_Hf e 2dt

is the cumulative probability[t < ¢] available in standard statistical table for diietr
values ofe.

4. A method of construction of a fuzzy number

In this section, triangular fuzzy number corresppgdo a market parameter [such as
selling price, demand etc.] is constructed fronetao$ data collected from some market
experts following Chang [2004]. The membership fiorcof a triangular fuzzy number
A(m,a,b) is of the from.

xX—a
, fora < x <m
m-—-a
- — J b—x
wa(x) =422 for m<x < b
b-m
0, elsewhere

Let g1, 92+, gn are the assertions made by n different experts farticular parameter
[like low demand, high selling price etc]. In essition of the fuzzy numbers, the center
around which theg; gather is to be estimated by giving more imporeaiocheg;'s lying
closer to the center. In other words, the estimadibthis center is a weighted average of
the g;. To approximate the center, a distance matrix [d;;],, of the relative distances
betweeng;’s is calculated, wherel;; = |g; — g;| andd; =0, d;; =dj;. Then the
average relative distances corresponding;tés given byd; = io1 dij/(n—1). In
this method the degree of importance is determimegair-wise comparisons between
gi's which is based on the average distanceB.# [p;;],, be the pair -wise comparison
matrix thenp;; = d;/d;, p;; = 1, p;; = 1/p;;. Letw; be the true degree of importance
of g; and0 < w; < 1. As P is the matrix obtained from comparison of distandeis
perfectly consistent. Thereforg;; = w;/w; Vi,j. If w be the column vector af;, then
Pw = nw, which implies thatn is an eigenvalue o andw is the corresponding
eigenvector withyi; w; =1, w; = 1/¥L, p;;, j = 1,2..,n. The importance degree
w; serves as the weight associated vgith

Thus the mode of the fuzzy numbet,= Y. ; w;g;.

b
The mean deviation of the fuzzy numb&m, a, b) is defined asr = f“lxb_ml—'ﬂ;‘(x)dx
fa puz(x)dx
(m-a)?+(b—m)?
3(b—-a)
Let & be the ratio of left spread to right spread, thdt =
3(1+&)¢.0 3(1+¢&)o
—ng. b=m+ 1482 .

Now as the parametets ¢ are depends on, b thereforeg, ¢ are unknown before, b
known. Sog, ¢ are approximated from the collected data as falawis approximated
by the average deviation where the average dewmi&tioalculated from the collected data
by the formulac = Y-, w;|g; —m|. For the approximation of all g;’'s are
partitioned into two set such dst, A={1,2,...,n}, A={i; gi<m,i€A}, B=
{i; g = m,i €A}

Rewriting this equation we hawe =

Z:Z Using the expressions for

o and¢ we have,a =m
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Now calculate two valueg', g" defined asg! = Zi€A¥idi r _ LiepWidi
YieAW; YieB Wi

_al
Thus the ratio of the left spread to the righesgrapproximated a§, = %. Then the
lower end and the upper end of the fuzzy numbgn, a, b) are calculated.

5. Notations and assumptions

In the proposed model, the following notations asslumptions are used.

T is the length of each cycle.

e t; / t, / t3 is the time from beginning of the cycle when prtéhn starts / the shortage
is fully back-logged / production end.

» M is the length of credit period in each cycle.

* H is the random time horizon which follows normatdbution with mearmg and
the standard deviationy.

* K is per unit time rate of production.

e D is the per unit time demand.

* @y (o, Qp) is the total purchased amount of raw materialdogntity produced) in a
cycle.

* Q; (or, Q,) isthe total amount of shortage (or, total amafrgtock) in each cycle.

* q(t) inventory position at any time

* (1) or RC is the (per unit item) or total raw material civst cycle.

* 1, is laborer cost.

e 1, is wear and tear cost amd is a given real numbers with < o < 1.

* 13 IS environment protection cost.

* p3(or,SC) is per unit item (or, total) shortage cost.

* hey(or, HC) is per unit item per unit time (or, total) holdingst.

* S is the per unit item selling price.

» m, is the mark-up imposed upon the per unit item maaterial cost to fix up selling
price (S).

* N (= 1) is the number of cycles.

* i, (or, i) is percentage of interest earn (or, interest payed

* 0, (or, 6p) is the rate of deterioration of raw material {@oduced quantity).

* x is the time from the starting of a cycle whenftbtal due raw material cost(DRC) is

payed to the raw material supplier. It isuassd thatx > M.

* RE,,/RE,/RE; (or,IE,,/IE,/IE;) is the amount of revenue earned upto time
t<M/t<x/t<T (or,interestearned uptotinte< M /t<x /t<T)ina
cycle.

« IP, (or,1Py) is the interest have to pay on DRC at the time x (or,t = T).

* In the proposed model it is considered that Daridepends on rate of production and
the length of credit period depends on tatabant of raw material purchased
following some fuzzy rules.

* 5 (> 1) is the rate of usefulness of raw material to poediinished goods.

* It is also considered in the model that the nfacturer does not gives any penalty for
shortage and the shortage amount is fully hegged.
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6. Moded illustration

In this model the business horizéhis considered as random which follows the normal
distribution with parameterémg,oy) and in deterministic form the whole planning
horizon is divided intaV cycles each of lengtii. Therefore, the chance constraint is

given by Prob(|N.T —H| < B) = pr (1)
And according to the chance constraint methodi(se®8) it can be reduced as
mg—f—¢cog < NT < mg+f—cop (2)

2

8]}

=0

Figure 1. Business planning
In this business plain every cycle starts withrsdge and ends with ending of stock. The
manufacturer starts production at time= t; from the starting of each cycle and at first
shortage is fully back-logged (in time= t,) so the corresponding differential equation
for each cycle is

dq(t) _ {K =D —0,q(t) fort,

<t <t
—D — 6,q(t) for,t3 <t <T (3)
0 for,t =t,
where, q(t) ={0Q, for,t =t3
0 for,t=T
Also the total raw materialQ¢) decreases due to deterioration (at a ajeand for
production (at a raté. K), so the corresponding differential equation is
O _ _g q(t)—6.K, t, < t < ts (4)

dt
Q. for,t=t
where, q(t) = {Or for,t = t;

Now every cycle contains the following time intaly

6.1. Shortageperiod [0 < t < 5]
As from the starting of each cycle the shortagetinaously increases up-to = t; at
demand rate and the production starts at t,, so the total amount of shortage,
Q1 = tlD
The shortage is fully back-logged with in the time- ¢, in a rate(K — D) so,
Q1

Q1 = (tz—tl)(K—D) and tz = tl + (K—D)
6.2. Time period from end of shortageto end of production [t;, < t < t3]

In this case the corresponding differential equmeiso

dq(t
U = K-D-0,.q.

dt
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Now using the conditions of equation (3), the imeey position in this time interval and
the total amount of stock are reduced as follows

a0 = £ 1 - i) ©
p
and QZ = @[1—eep(t3_t2)] Whe're, tZ <t < t3
1
1 K-D
therefore, ty = tz + g-logG =50

Solving the differential equation (4) and using torresponding boundary conditions, the
required amount of required raw material in a cysleeduced as

5K -

Q, = e—r[eer(% t1) — ]_]
Also the total produced amount@, = o (1 +Qr—9r)
6, g K

6.3. Time period from end of productiontoend of cycle[t; < t < T]
In this case the differential equationﬂ%(tﬂ = —D —6,.q(t), and from this differential

equation the following expressions for the invepfoosition for this time interval and the
length of the cycle are reduced using the conditmfrequation (3)

q(t) = Q2- eep(t—t3) _ 92 [1 _ eep(t—t3)] (6)
p
T = ty+-log(1 +22%)
p
The costs arises in the model are given by thevialg-

6.4. Holding cost
The manufacturer holds quantities fran=t, to t =T in every cycle. So using the
expressions given by (5) and (6) the equationdtal tholding cost in cycle is reduced as

follows HC = hc, [ff; q(t)dt + ftz q(t)dt]

= 2 = D)ty — £) — (1~ ettt
14
+(Qz +3){1 — e % T} — D(T — t3)] (7)
I
;

G-DT  §-1)T+t1 |
| G-tz G-1)T+3 iT
Q1‘ =— Time ——=
]
i

Figure2: j-th cycle

6.5. Costs dueto production

There are many accessories cost exists ratherdglmamaterial cost (RC) . Some of them
namely- laborer cost, wear and tear cost and emviemt protection cost are considered in
the proposed model under the name other cost (@B¢re per unit laborer cost is

inversely proportional to the rate of productioar pnit wear and tear cost proportional to
the rate of production and per unit item environtq@otection cost proportion to the rate
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of production up-to a certain degreewhere0 < a < 1. Thus the total raw material in

a cycle, RC = Q,.m (8)
wherer, is the per unit item raw material cost. The ottwst is
0C = (r.k™" + rp.k + 1r3.k%)Q, where 0 < a < 1 (9)

6.6. Shortage cost
As the total shortage amount@s andps is per unit item shortage cost therefore per
cycle shortage cost

SC = Q1.p3 (10)
6.7. Set-up cost
The set-up cost is considered in two part, 1sti®genstant and the 2nd one is proportion
to the total quantity produced with a deggeeThus per cycle set-up cost is

SUC = suqy + su,.QY where, 0 <y <1 (12)

6.8. Selling price
A mark-up is imposed upon the per unit item rawemat cost to fix the selling price.
Therefore the selling price

S = mgr1y (12)

7.Credit period (Casel:ty < M <T)
The raw material supplier takes interest on dueneay in a rate,,% from the producer
after given some time gap of length (credit period) from purchase and the producer
earns some interest on earned revenue at afteSo, in any cycle the revenue earned by
the producer in between=t, tot =M iSRE,;, = S.K(t,—t;) + S.D(M —t;)
and the earned interest &%,
t, M
IE,, = ie.sf K(t, —t)dt + ie.Sf D(M —t)dt
) ty ty
lp-

[K(t; —t)* + D(M — t5)?]
Therefore, after end credit period the due rawentcost(DRC) is
DRC = RC — (RE,, + IE,)

ie- (tZ - tl)}

= p.K.(t3—t;) — [S.K.(t, — t;) {1 + >

+5.D.(M — t;){1 + L=ty (13)
7.1. A new strategy of due payment
As the raw material supplier offers a strategyafment by which the buyer can pay DRC
[given by (13)] at instant when earn is equal to@Rlerex is the time from the starting
of a cycle when Producer pays total DRC therefeaened revenugg, ), earned interest
(IE,) and interest have to paifX) in between the time range= M to t = x are

w2
RE, = S.D(x—M), 1Ex = i..5.D Y= IP, = i, DRC.(x — M)
Now according to the strategy of payme#, + [E, = DRC + IP,
From this relation the following quadratic equatismeduced.
A(x—-MZ? +B.(x—M)+C =0 (14)
e>? B =(S.D—i,.DRC), C=—DRC. (15)
Before finding the roots of the above quadratigatipn a lemma relating to the problem

where, A=
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circumstances with the problem variables is prdweldw.

7.11. Lemma
If i,,ip, DRC,S and D all are positive withi, > i, then the positive root of the
guadratic equation

) i..S.D )
A.x“ 4+ B.x + C = 0 where, A= > B=(S.D—lp.DRC), C = —-DRC
] —B + VB2 —4AC
is x= 52

i¢.S.D

Poof: Now VB? —4AC = (S.D - i,.DRC)* — 4.=.(=DRC)

= {S.D — (i, — ie)(DRC)}* + (DRC)?(2i, — ig)ic
As i, > i, > 0 therefore,B* — 4AC > 0.
Also it is given thatDRC > 0 thereforeC < 0. Again sincei,,S,D > 0 therefore
A > 0. HenceVB? —4AC > |B| and for any value oB (positive or negative}-B —
VB%? —4AC <0 and—B + VB? —4AC > 0. Hence the lemma.

As x > M, using the expressions (15) and the above lemmadtution of the equation

(14)is  x=M + 2RI (16)

7.1.2. After full payment of DRC[x < t < T]
After payment of dRC earned revenRE&f) and earned interestKy) on it are given by

RE; = S.D.(T — x) (17)
IEr = ip.S.D [, (T - t)dt
i0.5.D.(T—x)?

=T (18)
where,x is given by equation (16).

7.1.3. Objectivefunction

The whole time horizon is divided int¥ cycles of equal length, so the total profit(TP) is
given by TP = N.(REy + IE; — HC — 0C — SC — SUC) (19)
where RE;,IE;, HC,0C,SC and SUC are given by the equations (17), (18), (7), (9),
(10) and (11) respectively.

7.2. Old strategy of due payment
In this case payment of due raw material cost id paathe end of cycle. Therefore, the
interest have to pay®;) on DRC for the time range M to T is given by

IPr = i,.DRC(T — M), (20)
where, DRC is given by equation (13).
Since the producer doesn’t pay any amount of caghglthe time gap t=M to t=T, so he
gets some interest on the earned revenue. Thustgiearn in the time gap M to RE7)
and interest earnedH) in this time gap is given by,

RE; = s.D(T — M) (21)

a2
and  IE; = i,.s.0{ =0 (22)
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7.2.1. Objectivefunction
Thus the profit function in this case is given by
TP = N.(RE; + IE; — DRC — [P, — HC — 0C — SC - SUC) (23)
where RE;,IE;, DRC,IP;,HC,0C,SC and SUC are given by the equations (21), (22),
(13), (20), (7), (9), (10) and (11) respectively.

8. Creditperiod (Case22 T < M < T + ty)
In this case it is considered that the raw matesgiplier offers that manufacturer may
place the payment at time before the placemenextfarder without any extra charge. As
the manufacturer can earn interest on unpaid rat@mahcost as much as possible, so the
earned revenuRE,,) and earned interest k¥, are given by the following.
RE, = S.K.(t,—t;)+ S.D.(T — t;,) (24)

ty T
IE, =i ,S{| K(t,—t)dt+ f D(T —t)dt + K(t; —t))(M — t,)

ty ity

+D(T —t,)(M—T)}
= i SE{K(t, = t1)? + D(T = )2} + K(t, — t)(M = ) + D(T — t;)(M — )] (25)

8.1. Objective function
Thus in this case the total profit(TP)

TP = N.(RE,, + IE, — RC — HC — SC — 0C - SUC) (26)
whereRE,,,IE,,,HC,RC,0C,SC and SUC are given by the equations (24), (25), (7),
(8), (9), (10) and (11) respectively.

9. Fuzzy rules used in the model
The linguistic values considered for the problemialdes selling price (S) and demand (D)
are Low, Medium and High. Also the The linguistic values considered for pineblem
variables raw material)(.) and credit periodM) are Small, Medium and Large. All
the linguistic valueslow (or,Small), Medium, High (or,Large) are handled by
taking them as triangular fuzzy number of the fréhm, u).
The model parameter demari) depends on the selling pric® py the following fuzzy
rules- R-1: If (S is Low ) Then Q is High).
R-2: If (S is Medium) Then D is Medium).
R-3: If (S is High) Then O is Low).
Also the length of credit period4( is depend on the purchased amount of raw material
(Q,) by the following fuzzy rules-
R-4: If (Q, is Small ) Then M is Small).
R-5: If (Q, is Medium) Then M is Medium).
R-6: If (Q, is Large) Then M is Large).

10. GA processin the environment of the proposed model

A genetic algorithm finds the optimal solution fr@engiven set of initial data by generating
new population and evaluating them repeatedly. &oegate a new population genetic
algorithm uses three operators- reproduction, oxess and mutation. Initially, a
population is selected and by means of above aperahe better of the population will
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remain, because of the survival of the fittest.tBy repeated application of the operators-
reproduction, crossover and mutation upto a finitenber of generation (set by the user),
the optimal result can be reached. The fitnesstifmmds the objective of the problem. A

combination of real and natural numbers represent# used to structure a chromosome.
Some discussions are made by following about thefkators used in the present model.

Reproduction Operator: The principle object of a reproduction operatmr dising in
GA is to make a population better than the previmes by replacing the bad solutions by
duplicate copies of good solutions. There are nmaethods available such as tournament
selection, proportionate selection and rankingcsiele.

Tournament Selection: In tournament selection, tournament are playedvdse two
solutions and the better solution is chosen anckglén mating pool. Similarly from other
two solutions better one is chosen and placed énntlatting pool. To carried out this
process in similar manner we have to take eachisnlfor tournament minimum two
times. A best solution will win both times, therebyaking two copies in the new
population and in this way the worst solutions Wwal eliminated from the new population.
It can also be mentioned that tournament selectivels better or same solutions than the
other selection operators. Also it takes less cdatjmnal time and has less complexity
properties when compared to other reproduction aipes. This is the cause why
tournament selection operator is used here.

Arithmetic Crossover: This method works with two parent solutions andates two
offsprings. The present crossover operator obeysntierval schemata processing, in the
sense that common interval schemata between tleatpaare preserved in the offspring.
First a random numben; between0 and 1 is created. After that from specified
probability distribution function, the ordinafg;; is calculated so that the area under the
probability distribution curve from 0 tg,, is equal to the chosen random numbegr

If x;(M0 andx;(*>D are denotes two parent solutions at the t-th géinerthen their two
offspring x; (Lt | x,(2t+1) can be calculated by the following steps.

* Choose a random numbey in [0,1).

» Calculate a number sg;, using the equation

1
((Zu_i)DISBX+1 , u; <05

= 1 .
Ba; ( )pIsBX+1 , otherwise
2(1-u;)

where DISBX is any non-negative real number. Adavglue of DISBX give a higher
probability for creating 'near-parent’ solutionsdasmall value allows distant solutions to
be selected as offspring.
» Compute the offsprings by using the followimg equations-

2D = 0.5[(1 + Ba)x M0 + (1 — B ) 9]

1P = 0.5[(1 = B )M + (L + g )x, 0]
Polynomial Mutation: In polynomial mutation the polynomial function ised to
represent the probability distribution. ¥;(%*1 pe the offspring comes out after

crossover and ify;(***1) be the muted copy them;(Vt+D = x, (LD 4 (x,(U) —
x;)8; where, x;(V) x;() are the variable upper bound and lower bound #ed t
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parameter §; is calculated from the polynomial probability disttion P(8) =
0.5(DIMUT + 1)(1 — |§])PMUT,
1

_ (ZTL)WUTH -1 , 1 < 0.5
O; 1—[2(1 —r)]pmmut+r | 1; 2 0.5

wherer; is a random number if0,1] and DIMUT is a positive real number. In this
mutation operator the shape of the probabilityritistion is directly controlled by the

external parameter DIMUT and the distribution ist rdynamically changed with
generations.

10.1. A routine framework for GA

At the beginning of the GA module, the differentgraeters of GA i.e. generation number
(MAXGEN), population size (POPSIZE), probability ofross-over (PXOVER),
probability of mutation (PMUT), random seed (RSEERistribution index for SBX
(DISBX) and for mutation (DIMUT) and the others. #tgre is no clear indication as to
how large a population should be, here WMIPSIZE = no of variables x 10, the
expected result is obtained. Here a combinatiarea&ifand natural number representation
is used to structure a chromosome, where a chran®$® a string of genes which are
specified by the decision variables of the probleamely- length of the shortage period
(t1), mark-up fn,) to fix up the selling price, Production rat€){ maximum amount of
stock ,) and the no. of cycles taken by the manufactuvgr The variable boundaries
may be fixed or flexible. The fitness function ietprofit function TP) defined by the
manufacturer. An overall process of GA is giverthy following algorithm.

Algorithm for the proposed GA
 Population initialization- Initializes the zetb-population.
* Run functionModel - Calculates the values of different modebpaeters for 0-th
population.
» Set gen=0.
* checkif (gen < Maxgen), then
{ Run Selection operate¥ Run Crossover operator Run Mutation operator.
Create new populatien Run FunctionModel.
if (all the constraints are satisfietien,
{ print the result for the current generation.
set, gen = gen+1.
repeat step #
else repeat step 4 e se Stop.
Here, the name “functioModel” reffers to all the mathematical expressiohthe model
with profit functions, constraints and all the cent model parameters.

11. Numerical experiment: illustration with practical data

A rice mill, Mahabir Rice Mill Company in Midnapagr&/est Bengal, India produces rice
from raw paddy and sale to the retailers. Hereh lloé raw paddy and produced rice
deteriorate and normally season oriented. The fiata the said mill are collected and
given below. For the construction of fuzzy MF, tmnions of experts / business managers
in this field are taken into account.
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11.1. Input data

Crisp Data: w, = 0.01, w, = 0.005, § = 1.1, 1y =10, p3 = 2, hc; = 0.15, r; =
0.5, r, =0.005, r3 = 0.5, su; =5, su, =2.5 y=0.01, a =04, i, =0.08, i, =
0.12, 3 =0.01, my, =48, 0 =0.16, ¢ =1.3.

GA Parameters:. POPSIZE50, MAXGEN=200, PXOVER=).8, PMUT=0.2,
RSEED4.2, DISBX=2, DIMUT=100, t,;-(0.0 to 4), m,-(1.6 to 2.3), K-(120 to
240), Q,-(0 to 500) and N-(1 to 24).

Raw and Fuzzy Data: The raw data are collected from the market ( edgepinion )
considering that the demand depends on selling il credit period depends on total
purchased amount of raw material. The data regartie parameters (selling price,
demand etc.) are given by the Table-1 and arramgaihtaining the relations. The
triangular fuzzy numbers Low (or, Small), Medium,gh (or, Large) which are
constructed from the collected raw data are givethe Table-1 and the membership
functions are depicted in the Figures-3, -4, whbe weight of the items are given in
kilogram (kg), all the prices are given in Doll&)#nd the time intervals ar given in years.

Med Low Med High

fes f membe ship

Deg

............

Figure3: Mérﬁbership functions of Selling price and Demand

wwwwwwwww

Table 1. Collected raw data and the corresponding fuzzy raimb

name o linguistic Raw data from which Fuz name o Range o
fuzzy variable Number is made fuzzy numbefr Fuzzy number
Selling Prict 141 146 6.3 13.7 1t Low (8, 14, 17

Deman 147 154 97 122 1 High (90, 130, 15(
Selling Prict 228 16 17.3 17.3 1¢ Mediunmr (24, 17, 2C

Demani 79 104 57 104 Mediurr (50, 90, 3C
Selling Prict 17.7 18.7 199 19 28 High (17, 20, 2t

Demant 5 81 64 33 5C Low (0, 50, 9C
Total Quantit 627 571 1034 403 2 Smal (0, 550, 89t
Credit periot 8 8 96 51 1 Smal (0, 7 10)
Total Quantit' 1187 168 8g 871 101 Mediunm (550,895, 1421
Credit Perio 10.4 10.6 8.7 9.6 1t Mediunr (7, 10, 13
Total Quantit 520 1692 1350 1386 1€ Large (895, 1421, 216t
Credit Perio 228 11.9 13 12 1( Large (10, 13, 2C
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Degree of mzmbership
Diegree of renaz-ship

Figure 4: Membership functions of Total purchased raw matemd Credit period

11.2. Optimum result
Table2: Result Obtained using new methodology for theeotdld data
prob | case1 | cas«2 | cas+-3| cas+4 | prob |cas+l|case2 |cas-3 cas-4
Variablet; < M|t, < M|tz < MT < M <\Variablgt; < Mt < M|tz< M| T<M

<t Stz |ET T+t <t Kty T <T+t,
mg 1. |1.857]|1.88¢| 1.75% Q, 55¢€ | 63t | 73¢ 1051
ty 3.18¢ | 1.7¢ | 2.032 | 5.41¢ Qq 49¢€ | 565 | 652 92¢
ty 4.83% | 2.781| 2.71¢ | 5.41¢ Qp 50C | 56¢ | 661 93¢
t3 6.45¢ | 5.222 | 5.09z | 7.7¢ | RC($) | 5592 | 635 | 738: 1050:
T 9.5€ | 9.557| 11.95| 11.9¢ | SC($) | 33z | 211 | 22z 54C
M 4.37¢ | 5.12¢ | 6.34f | 12.78¢ | HC($) | 58 131 | 26¢ 16C
X 5.39¢ | 5.4¢ | 6.57¢ - OC($) | 647 | 77C | 1064 151(
N | 5 | 5 | 4 4 |suc@®)| 35 | 37 | 39 44
D 52 59 55 78 |RDF($)| 934 | 37€ | 23¢ -
K | 152 | 165 | 21€ | 217 |REq(S)| 4127 | 446/ | 552 [1628% RE,)
0, | 16€ | 10€ | 111 | 27C |IE.($)| 687 | 72¢ | 1187 | 7861 IE,)
Q> 16 | 25¢& | 381 32€ |profit($) 1868¢ | 20227 | 2049¢ 4554¢

12. Discussion

In the numerical experiment, some real life datacallected from a firm and presented in
Table-1. Following the method in section-4, the rhership functions for the different

parameters are drawn and presented in Figs.3p#h Hrese data it can be easily verified
that the relations between demand is inverselygrtmmal to selling price and purchased
amount of raw material is proportional to creditipe which support the rules given in

section-9.

Optimum results given in Table-2 obtained usirgriew methodology of payment gives
more profit than the results given in Table-3 almdi using the old payment policy in all
cases. Also larger credit period gives more peofd from the results given in the Tables -2
and -3, it can be seen that the profit increasisaitasest{ < M < ty, t, < M < t3,
t3 < M<T T <M<T + ty)inanascending order of the time intervals oflMis
is as per expectation. For new method of paymeistconsidered that the time of payment
of due cost (X) is always greater than the creelitqal (M). As a result increment in M
reduces the gap between the time of payment fonélemethod (x) and the old method
(T). Also the difference of profit in these resudiscreases as the credit period M becomes
larger which is reflected in Fig.5(a).
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Table 3: Result obtained using old methodology for theexittd data
prob |casw1|cas«-2|cas+3| cas-4 | prob | cas+1 | cas«2 | cas¢3 cas-4
Variablet; < Mit, < M{tz<M| T < |Variablet; < M|t,< M{t3< M| T<M

<t, <t |ET M < <t |t |ET <T+t;
1.¢ |1.857|1.884| 1.75Z Qg 49¢ 56:< 652 92¢
3.18¢| 1.7¢ | 2.032| 5.41«¢ Qp 50C 56€ 661 93¢
4.83t|2.781]| 2.71¢| 5.41< | RC($) | 559z | 635% | 738t 1050
6.45¢ | 5.222|5.092 | 7.7¢ | SC($) | 33z 211 22z 54C
9.5€ | 9.55¢ | 11.95| 11.9f | HC($)| 58 131 268 16C
4.37¢|5.127| 6.345 | 12.78¢ | OC($) | 647 77C | 106/ 151C
5 | 5 | 4 4 [suc$) 35 | 37 | 39 44

52 | 59 | 55 | 78 |RDF($)| 934 | 37€ | 23€ -
15Z | 165 | 21€ | 217 |IP,($)| 581 | 20C | 15¢ -
16€ | 10€ | 111 | 27C |RE($)| 512¢ | 4851 | 576% [16285 REy)
165 | 25€ | 381 | 32€ |IE;($)| 1067 | 86C | 1297 | 7863IEy)
55¢ | 63E | 73€ | 1051 |profit($) 1803 | 19937 | 2030z | 4554¢

SRR |x|olz|Z|4ls 15 | |2

From Tables-2 and -3 it can be seen that the psechaaw material amoun@,.)
increases with cresdit periq@!). This is the effect of fuzzy relationB— Rg) which is
also reflected in Fig.5(b). In this figure the cainf Q,. remains unchanged for each value
of the M less than 7 as each value of credit period less Thtakes a membership value 1
(c.f. Fig. 4), to the fuzzy number "Small" and #ifere the rule strength of the ruky (c.f.
section-10) becomes 1. For this the purchased ansbuaw material @,.) gets a constant
value. Then for the next values of credit perizdrj the amount of raw material increases
as per expectation.

Figs.6(a) and 6(b) depict the variation in firahd demand with respect to the change
in mark-up because the selling price is fixed bpasing a mark-up to a fixed number
[given by (12)], so the change in selling pricel wihke a same impression as the change in
mark-up. Here, with the values of selling prig€= mg.ry) the demand (D) changes
inversely as per the relationR;(— R3). This is also depicted in Fig.6(a). In this figur
demand decreases as selling price (i.e. mark-gpases and when selling price takes the
value 21 (i.e.mg = 21), the demand becomes constant as value of they fuz
membership function for mark-up becomes 1 to tlryftnumber "High" (according to
Fig.3 mark-up takes a constant membership value the range 2 - 2.5). This is also
reflected in the Fig.6(b).

In the optimum results, profit decreases askraprincreases. Normally, profit linearly
related to mark-up and demand. It increases wilirttrease of selling price (i.e. mark-up)
and / or demand. Here, with the fuzzy rulRs £ R3), demand decreases with selling price
(i.e. mark-up). Thus selling price increases thafipand at the same time, decreases the
demand which, in turn decreases the profit. Onptfudit, there is mixed effect due to
selling price (i.e. mark-up) and demand. From Kig).Gt is seen that the effect of demand
on profit dominates over the effect of mark-up l{sgl price) and for this reason, as
mark-up (selling price) increases, profit decreadesg with demand and for the value of
mg=2.1 (S=21), as demand becomes constant, therelyiseffect of mark-up (selling
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price) on profit and as a result, profit increaséts mark-up.

Profit BT Px
1700 Qr

1500

1300

1100

S % % 9 9 9 oS 5 g5 o= NoMmoMm Wb ;oMo N D

Fig.5(a) ’ o Fig.5(b)
Figure5(a): Length of credit period(M) / Difference Betweeroffrobtained using old
method(PT) and new method(PX).
Figure5(b): Length of credit period / Total raw material ambun
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Fig.6(a) Fig.6(b)

Figure6(a): Mark-upfny) / Profit; 6(b): Mark-up / Demand.

13.Conclusion

In this investigation, a practical problem for theentory control system with trade credit
is considered with some fuzzy relations betweerddwsion variables and solved. For the
first time. the membership functions for the partere of the fuzzy relations, are

formulated from some collected practical data asithqi fuzzy inference at two stage,
optimum profits are determined and presented inuleaband graphical form. A new

method for repayment of dues is presented and cadpeith the conventional method.

Here, fuzzy relations with single input and outhatre been used. Other forms of fuzzy
relations can also be used. The model can be edetadinclude the promotional cost,

profit sharing etc. among the supply chain partners
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