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A FUZZY EOQ INVENTORY MODEL WITH LEARNING EFFECTS INCORPORATING RAMP -TYPE DEMAND,
PARTIAL BACKLOGGING AND INFLATION UNDER TRADE CREDIT FINANCING

SAVITA PATHAK
RESEARCH SCHOLAR
DEPARTMENT OF MATHEMATICS
NATIONAL INSTITUTE OF TECHNOLOGY
DURGAPUR

DR. SEEMA SARKAR (MONDAL)
ASSOCIATE PROFESSOR
DEPARTMENT OF MATHEMATICS
NATIONAL INSTITUTE OF TECHNOLOGY
DURGAPUR

An EOQ Inventory model for a deteriorating item with ramp — type demand is developed in fuzzy stochastic environment with random Weibull distribution under
inflation and time value of money over a finite planning horizon, when delay in payment is allowed to the retailer to settle the accounts against the purchases
made by him. Here, we have considered two cases: (1) payment within the permissible time and (2) payment after the permissible time. Shortages are allowed.
Here, we propose a mathematical model and theorem to find minimum total relevant inventory cost and optimal order quantity. Firstly, we consider the demand
and net inflation rate to be crisp in nature. The holding, purchasing, shortage, lost, selling, and ordering costs are represented by triangular fuzzy numbers which
are then transformed to corresponding weighted interval numbers by using nearest interval approximation. Following interval mathematics, the single objective
fuzzy problem is reduced to a crisp multi — objective decision making (MODM) problems. The MODM problem is again transformed to a crisp single objective
problem with the help of weighted sum method. The demand rate and the net inflation rate are taken as trapezoidal fuzzy numbers to make the problem much
more realistic and derive the expressions for the total inventory cost applying Function Principle and then defuzzified using graded mean integration
representation method. Numerical examples are cited to illustrate the developed mode. Some sensitivity analysis is carried out. We have applied the learning
effects to further improve the optimal order quantity.

KEYWORDS

Trade Credit Financing, random Weibull distribution, fuzzy ramp-type demand, function principle, learning effects.

INTRODUCTION

n the inventory model, deterioration takes a substantial role for analysis of required results. It can be found in the form of decay, change, damage, spoilage

or obsolescence that results in decreasing usefulness from its original purpose. Some kinds of production like food items (vegetables, fruits, milk, etc.),

drugs, pharmaceuticals and radioactive substances are few examples in which appreciable deterioration can take place during the normal storage period of
the units and consequently this loss must be taken into account when analyzing the model. Hence, many authors have considered Economic Order Quantity
(EOQ) inventory models for deteriorating items with exponential decay proportional to the on-hand inventory. Hwang [1997] proposed a model in which
inventory deteriorates with time. Deng [2005], Tripathy et. al. [2010], Chang et. al. [2010] considered the market demand of the item to be constant or time-
dependent in their works. But in the real market demand of the product is always in dynamic state due to variability of time, price and stock displayed in
inventory level. This impressed researchers and marketing practitioners to think about ramp type demand which increases with time upto a certain limit and
then ultimately stabilizes and becomes constant. Such type of demand is observed in the items as newly launched mobile phones, fashion goods, garments,
cosmetics etc.
Mondal et. al. [1998] presented an order level inventory model for deteriorating items with ramp type demand. Wu and Ouyang [2000] extended their model by
the concept of shortages. Giri et al. [2003] and Wu et al. [1999] developed an EOQ model with Weibull deterioration, shortages and ramp type demand. Peter
Shaohua Dang [2005] further generalized the Wu et al.[1999] and Jain and Kumar [2007] further generalized Wu and Ouyang [2000] model by allowing Weibull
deterioration along with some proposed theorems to find the time at which on-hand inventory reaches to zero. Panda et al. [2008] gave an optimal
replenishment policy for perishable seasonal product with ramp type demand rate. Sharma et al. [2009] developed an EOQ model for variable rate of
deterioration having a ramp type demand rate. Kawaktsu [2010] presented a paper with ramp type demand and finite planning horizon. Pathak et al. [2010]
developed a model with Weibull deterioration and shortages. Chang et al. [2010] considered a partial backlogging, inflation in their model. Pathak et al. [2010]
developed a model for three plants with time-dependent fuzzy inflation and inflation-dependent demand by using interval arithmetic and random deterioration
with partial backlogging and learning effects. Chen [1985] used function principle for operations on fuzzy numbers and Chen et. al. [1998] proposed a paper for
graded mean integration representation of generalized fuzzy numbers. Mahata et. al. [2010] and Chen et al. [2005] presented a model by using graded mean
integration representation and function principle.
An EOQ model with permissible delay in payments was developed by Goyal [1985] where he did not consider the difference between the selling price and
purchasing cost. Goyal’s model was improved by Dave [1985] under the assumption that the selling price is higher than the purchase price. Inventory models for
optimal pricing and ordering policies for the retailers with trade credit were formulated by Whang et.al. [1997] and Liao et al. [2000]. Considering the difference
between unit sell price and unit purchase cost, Jamal et al. [1997 and 2000] and Sarkar et al. [2000] suggested that the retailer should settle the account as soon
as the unit selling price increases relative to the unit cost. Chang et al. [2003] have suggested a model under trade credit if the order quantity is greater than or
equal to pre-determined quantity. Ouyang et. al. [2006], Chang et al. [2006], Chung and Huang [2009] and Teng et al.[2005] have suggested the strategy of
granting credit items by adding not only an additional cost but also default risk to the supplier. Ouyang et al. [2009] have considered trade credit linked to order
quantity for deteriorating items. More discussions are given in notes by Mitra et al. [1980], Giri et al. [2000] and Khanna et.al. [2005]. Shah et. al. [2010]
presented their model with delayed in payment.
In this paper, an EOQ Inventory model for a deteriorating item with ramp — type demand is developed in fuzzy stochastic environment under inflation and time
value of money over a finite planning horizon with single cycle, when delay in payment is allowed to the retailer to settle the accounts against the purchases
made by him. Here, the case of the retailers generating revenue on unit selling price, higher than the unit purchase cost, has been considered. In this paper we
have considered two cases: (1) payment within the permissible time and (2) payment after the permissible time (i.e. time at which on hand inventory reaches to
zero). Here, shortages are allowed and the deterioration follows random Weibull distribution. Under these assumptions, we propose a mathematical model and
theorem to find minimum total relevant inventory cost and optimal order quantity. Firstly, we consider the demand and net inflation rate to be crisp in nature.
The holding, purchasing, shortage, lost, selling, and ordering costs are represented by triangular fuzzy numbers which are then transformed to corresponding
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weighted interval numbers by using nearest interval approximation. Following interval mathematics, the single objective fuzzy problem is reduced to a crisp
multi — objective decision making (MODM) problems. The MODM problem for optimizing the total relevant inventory cost is then again transformed to a crisp
single objective problem with the help of weighted sum method. Next, the demand rate and the net inflation rate are taken as trapezoidal fuzzy numbers to
make the problem much more realistic and then derive the expressions for the total inventory cost applying Function Principle. It is then defuzzified using
graded mean integration representation method to find the possibilistic mean value of the objective i.e. to get the total cost function. Numerical examples are
cited to illustrate the developed model and the solution process. Some sensitivity analysis with respect to critical parameters is carried out to observe the
changes in the total relevant inventory cost and optimal order quantity. Analyzing these changes, we have applied the learning effects to further improve the
optimal order quantity. The percentage of defective rate is reduced with learning effect and due to this reduction the order quantity increases in every
consecutive planning horizon. This increment in order quantity follows S-shape learning curve and after a certain number of consecutive cycle, it becomes
constant. Finally the result of the objective for crisp demand and crisp net inflation rate with and without learning effects are compared to that for fuzzy demand
and fuzzy net inflation rate in both case (1) and case (2).

ASSUMPTIONS AND NOTATIONS

This mathematical model is developed on the basis of the following assumptions and notations:
ASSUMPTIONS

Only a single-product item is considered during the planning horizon.

Replenishment rate is infinite; thus, replenishment is instanteneous.

A Discounted Cash Flow approach is used to consider the various costs at various times.
The time horizon is finite with single cycle. Lead time is negligible.

Shortages are allowed and partially backlogged. The backlogging rate is a decreasing function of the waiting time. Let the backlogging rate be B (T- t)
-ET-1
=& _t', where 6 20, and (T-t) is the waiting time up to the next replenishment.

vhRwNE

6. The random deterioration rate function , B (t), represents the on-hand inventory deteriorates per unit time and there is no replacement or repair of
. gl
deteriorated units during the period T and it satisfies two-parameter Weibull distribution. In the present model, we assume B (t) = & fir B>1,0<t< t
and & is a random variable which is a random parameter of defective rate, uniformly distributed with its p.d.f. as ¢ (a) and expected value 3 'ﬂ [0)
I,ﬁ}_!;!iu, 0<a=.02
W TID,  otherwise

Then, %= 0.01 and E (=) = 0.00013,
7. The demand rate D(t) is assumed to be a ramp type function of time:

D(t) = D, [£— (e~ wH(e— "l}], ( D:sp, may be crisp or fuzzy)

where, H Lt "l} is the well known Heaviside’s function defined as follows:
. 1 t= .
Hl‘t_p::I:{IJ: T W
8.  During the permissible credit period W, the retailer can deposit generated sales revenue in an interest bearing account. At the end of this fixed period, the
difference between sales price and unit cost is retained by the system to meet the day-to-day expenses. And the account is settled and interest charges are
payable on the unsold items in the stock.
NOTATIONS
T  thecycle length
t, thelength of time in the cycle when on hand inventory level reaches to zero
U the permissible credit period for settling the account
I(t) theinventory level attime t of the cycle,
L(t) the amount of lost sale at time t during the time interval [ t,. T]

I, the maximum inventory level for the cycle

}* the optimal order quantity in the cyclei.e. 3" =1 - + S.-

5, the maximum shortage quantity for the cycle

i the inflation rate, may be crisp or fuzzy

r the discount rate , may be crisp or fuzzy

R the net discount rate of inflation i.e. R =r—i , may be crisp or fuzzy
L. theimprecise order cost per order

€, the imprecise holding cost per unit per unit time

£, the imprecise backlogging cost per unit per unit time

ﬁn and G the respective imprecise and crisp purchasing cost per unit per unit time

£ and £, the respective imprecise and crisp unit cost of lost sales. Note that if the objective is to minimize the cost, then £y = ,, (c.f. Chang et. al.,2010)
Eand P the respective imprecise and crisp selling price per unit with (F = C,}

i, the interest charged per monetary unit in stock per unit time by the supplier

i the interest earned per monetary unit per unit time by the retailer, where i_ < i,
TC, theordering cost

TC, the purchasing cost

TC, the holding cost

TC. the deterioration cost

TC, theshortage cost

TC; thelostsale cost

TCK t,) the total relevant inventory cost for p=t,

TC,(t,) the total relevant inventory cost for p<t,

TC,(t,) the total relevant inventory cost for pu>t,

E(TC{t.)) the expected value of TC(t,}

E(TC,(t,)) the expected value of TC, [t,)

E(TGC,(t,)) the expected value of TC;it,]
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MATHEMATICAL MODEL AND SOLUTION

FIGURE 1 (a): THE GENERAL GRAPHIC REPRESENTATION OF INVENTORY LEVEL WITH PARTIAL BACKLOGGING

I A
.\‘
= |\
3 \
5 N,
g \
£ \
0 1:1\. T Hne
S, N\,

The inventory level at time t during the time interval [0, &,] is given by the differential equation as follows:

dif/di+8(0)1()=-D(1), Ostse,

The shortage level at time t during the time interval [t,, T] is given by the following differential equation as

dI{t)/ dt =D (t) B (T-t), t,<t<T

Case -1 (m <t ): The inventory model for payment before depletion with ramp-type demand D(t) is shown in figure 1(b).

FIGURE 1 (b): THE GRAPHIC REPRESENTATION OF INVENTORY LEVEL WHEN p < t..

Im A
B , / i \ti i Ti nle
s Q

The above differential equations (1), (2) in this case are considered as follows:
dif/ dt+aBt 7 1 (t)=-D,t, O<tsp
:l[ujt}.a‘dﬁEBtﬁ" I(t)=-D, 1, p<t<t,

diif)“dt = D, pe”5T7Y, t, <t<T

Furthermore, by using the conditions 1(0) = [_ and I(t,) = 0, the solutions of equations (3),(4) and (5) are respectively given by

I(t) = [me_its - I gt _I‘: = gy, 0<ts<p
()= Dople; + &5 B+ 1)) — Done =5 (e+ @52 /(B4 1)), pstsy
I(t) = (D 8y e 5% — e 5T=:0], t,=t=T

By equality conditions at ., from equations (6) and (7), we get
I,= D, [J‘; == g+ |.L‘|‘:" g=" dx]

and the amount of lost sale at time t during the time interval [t.. T] is
L(t)= D:.ujr_ |:1 — E'5C'T‘=3:| du =D pft—t, — (1/E) {57 + 5T g, £ < T

Let 5, be the minimum shortage quantity in the cycle, from equation (8) we get
5 =I(T)= |:D:,|_|_.."'E::|I_1 —E'S:T'*-.:J

The values of all the costs in the entire time horizon are as follows:

TC.=C

= =

()

(9)

(10)

(11)

(12)
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TCp= Gl + 6,5,

=£&.D, [‘I':xehsdx +u |: Ehsdx] +&, (Dop/8) |1 —e 570 (13)
TC,. [E,,D-:. [‘I‘: gt [‘Il"xei“slix +u |:* Eszﬁdx] E—ﬁ.tdt] + uED. ‘r:-_[E—EJ |:E E==5dx] E—Fl.tl:lt]
:[ﬁh D, [J‘; gt [‘: xe®dx + m |:t Eizsdx] g Rt :lt] + p, Dy J:L' [E'Et3 |: g==" d.:{] g™ :lt] (14)
TC, = EDD:. [“‘;xei’; de +p Et gi=F dx} 4 (e — 1) /R 4+ pemtt .-"-R}
=&,D, [{ .r;xegzs de +p .I:" =" dx} +e M —1)/RT+ |.LE'“"—.-"R], (15)
TC, = E‘ [J:T (e R I:lt_} - 3:% [=.'R—E;:;'--_Z—:| L= '!.'l';'-::—:l]’ (16)
TG = [E,_D:,p [Me(1—g 5 :ldt: =g D:,p[=”_-'=:_’ :_J::_L::], (17)

The interest earned by the retailer during the time interval [0, p] due to the deposition of the sold revenue into an interest earning account at the rate i_ in the

entire time horizon is as follows:

IE, = D, i [J': (=t dr+ [ (t, — ﬂE'“‘dt] =Fp.i,
[ n - O™+ [t - D™ (18)

The interest charged by the supplier from the time p onwards for the unsold items at the rate i, is
- f Y e o £, _=.F B+

— - —- I" 1 _=Sar=Te I" HINES—PUR 1Y -t

IC, = C Dy pi; [l:_t’+'1_._g_,:}'a 2 dt—u € [t +II_5-:-}dt

= & D, [[t, +&t 7 (B 1)) [ e T M de— [ e M (e + G (B 1}]dt], (19)
Hence, the value of the total relevant inventory cost in the entire time horizon is
TC,(t, ) =TC.+ TC,+TC,+TCy +TC, + TG, +IC, — IE; (20)
Substituting equations (12) — (19) into equation (20) we obtain TC, (1) = €+ EDD:, [‘r:xehsd_x + |_|_‘|':'- EE,ﬁdx] + En
E‘_;-‘ [1 _ E—s;'r—e._;] + [EhDj [‘r: gt [erE:sl:b: +u |:t Eizsl:b:] g I:l‘t] + l-lEhD:» J:*-.[E—stﬁ |:t Eizsl:b:]E_m I:lt}+
= [ e, 525 t, = =iy = s Ty = \FoRTL, f, Rl e RO,
.0 [“; we™ dut I'l'r.a E Eh{} t nl 5 R ]+D:'“'[fu I:".} R-5 i n 5 Sl L ]
= T W TR N B ~ " _ - y
+ G D i [li_t: +|:c§-_—:]li|;t e = e gy — .I': g 3t R I:t+'1;j_} dt] —FD, i [.I';Lp—t}te “‘l:lt+|_1.|': (t, —tle “‘] , (22)

Now expected value of TC,(t,}, neglecting E(a*) in onwards terms, is :

E(TC,(t,)) = . + ;D [ [ (1 + (k)i + [*(1 + E(a)ef) x|+ & (Do /8) |21 — 501+
[EHDJ [,I‘j' (1—Ef z}tE}[,I;'xu +E(a)n)dn+ [ (1 +E( :c}xE}dJ{JE'“* |:ltJ +pf, D, ,I'_*'-[.:1 — E(a)e) [*(1 4+ z}xf}dxje-” |:ltJ+

S _as -
-1 , =PE

frﬂj[{‘r;x(1+E(:c]l}r:}d.x+|.L‘|'_t"|:1+EI::c:u{E}dx}+ = ]+D,u[[%—EL

};u-:..-r-r.._:_

e P
) = +Cp

:|+’1:
'} 5

+ &0, (1 + 5@ ) (1 Bl e — 1~ B(@)e ™ (s + Ba) )] —F Dok [l — Dt [ *(e, — 0]

r2z) Following Grzegorzewski [2008] and Maity et. al. [2005],the fuzzy numbers are transformed to interval numbers and by using Lemma 1

(Appendix A), the expression (22) is minimized as

Minimize [E(TCy (t,), E(TC,qlt,))] (23)
where E(TC (x,)) = {E(TC, {x.)) with cost Cop. Cp.Crp. Doy Cuel By} (24)
and E(TC,q () ={E(TC, {t,)) with cost Cop.Copn.Can.Con. Crp.Fr } (25)

In the case of minimization, multi-optimization problem, is formulated in a conservative sense as

Minimize [E(TC,-(t,}), E(TC.qlt,))] (26)
where, E(TCy (t,)) = [E(TCy (t.0]+ E(TCan ())2, (27)

The interval optimization problem (26) is a multi-objective problem which is converted to a single-objective problem by using the weighted sum method with
weights w, and w, as

Minimize E(T Gy (t,)) = [wrE(TC 0t ) + woE(TC,p (L., (28)
where, w, +w; = 1, with proper choice of w., w, = 0

THE SINGLE-OBJECTIVE PROBLEM WHICH IS MINIMIZED AS FOLLOWS

There is one variable in the present value of the total inventory cost E(TC,q (t,)), thatis the timet,, t, < t < T, which is a continuous variable. The condition
for E(TC,p (t.)) to be minimized is that dE{ TG,z (t.)) /dt, =0= g, (t.}, (say). Consequently, we obtain
g (t) = CDu(1+ E':':‘:'t?:' +u GD01+ E':'I::'t:s} r: (1—-Ela)tTe ™t +
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C,Dopf(1+Efadt]) — o™= | — Du[lc, — (C/R)Je 5T + ((C/R) — C e 9T + o fTx1] +

C,Dyip(1 +at’) [*(1 — E(a)tfe ™ de —PDoin [ e Mdt = 0, (29)

Itis verified that d2E(TC.m (t.) |/de2 = 0. Putting t, = pin equation (29), we get

£ (W) = €, (14 Ela)u) + Coef =¥ [7(1 — Bla)tf)e™dt +€,[(1+ E(a)nf) — e %] —[(g, — (C/R) )54 + ((C,/R) — C D™ 5T +

oy R ] e FT

(30)
where, C., C,.Cy.C.. Cp. Fare crisp value (c.f. Appendix A) .

Case—2 (p>t,): The inventory model for payment after depletion with ramp-type demand D(t) is shown in figure 1(c). The differential equations (1), (2) in this

case are considered as follows:

drigy/deap tf 1 (t) =- Dy t, O<t<t, (31)
di(t)/dt = D, te 54, LTty (32)
di(t)/dt = D, pe 5T, pEt=T (33)

FIGURE 1 (c): THE GRAPHIC REPRESENTATION OF INVENTORY LEVEL WHEN p > t,.
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Furthermore, by using the conditions 1(0) = I_, and I(t,) = 0, the solutions of equations (31),(32) and (33) are respectively given by

I(t) = Dye = J:"xeizslix , O<t<t, (34)

I(t)= B, [ te50 vk, LSty = (Don/d)
a9 =756 %)] = (D, /67) [e75e9 — g5 (35)

I(t) = (D, /8] [e75T % —e™5T4 | + (), ustsT (36)

= (Do ) p—t, e 50 %) + (DL p/E) (&5 — e 5T | — (D, /6|1 — e 5, (37)

From equation (34), we get, [_ =1(0)=D\ J:" xe™ dy (38)

Now, the amount of lost sale at time t during the time interval [t,. u] and [, T] are respectively

L, (t)= D, [ =(1— e 5067 )dx, L=ty

=D, (= t9)/2 = (1/8) [t~ 09 + re om0 ] + (1/6%) {500 = g5 im0, (39)
and,Ly(t) = Do [1(1 —e ST = )dw =Dy | (t— ) — (1/8){e 79 —e 504 ] [y <e<T (40)

From equation (37) we get

S = HT) = (D /8 (p{1— e 5774 | (p—r o750t ) — (1/8) |1 — &5k, (41)
The values of all the costs in the entire time horizon are
TC,=same as in equation(12). (42)

TC,=8, 1, + &5,
- En D, [J':"}{Eizzl:b{] + En Dy, |§ |:1 — g~ 5T :| +§ |:|_|_ —t.E” 5:!‘1-_::' — i [1 — E—S:.-l—t-_:]J’
(43)
TC, = 5,0 |_|;t E'E"lr‘xea"dxj E'“"l:ltJ
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= 6D, |_ :l"E_E”![j:"er‘!dee_“‘dtJ, (44)
TC, = &0, | [ xe="dx + (€™ — 1)/R + (e ™ )/R|

= &0, | [xe™dx+ (™ — 1)/R+ (e ™ /R|, (45)
TC, =0, [j:' I{the M dr+ f I(them dt] =

.0, [u JTersmege (@ T ) — (p—t, et ) 4 (1801 — et )} [T e Rde — {(rem S ) — (1/8) (et )} T e Rt +
j:'_ g gy — (1.-’45}]:'_ e :-_*3‘“*dt] (1/8)
, (46)
TC, = [60. [ re™(1— 5079 )du+ Do [ @™ (1 -5 )di]
=&, [ a1 — gt de + E,_D:.uf ! —E_E:'I_‘::ldt} ; (47)
IE, = PO, i, [j':"(t, — thte M dr + (u—t,}j:"td.txj:__e_m-dt]
=Fp, i [j':"(t, —the™ dr + (p—t,}f:"tdtxj: E_“*dt}, (48)
Here, the retailer sells all the monetary units by the end of the cycle time ¢, and pays the supplier in full by the end of the credit period p. So, IC; =0,
(49)

Hence, the value of the total relevant inventory cost in the entire time horizon is

TC, (£) = (TC, + TC, + TG, + TGy + TC, + TG + 10, — IE;) (50)
Substituting equations (12) and (43) — (49) into equation (50) we obtain

Tale) = & + &, Do [ xe™"dx| +(

E,D. /8 |u(1— &M= ) 4 (— £,em50m00) — (1/8) [1 - 50 )] | 2 &, | [ 78| [P defeRe | + | [F et a4 (e — 1)/RE +
t.e ™ /R]C, D,

+

(D, /8) [p jf e ST Ry — flam 5T — [ — e 50 ) 4 (1/8) (1 — oS0 m1]] jf e de — {(re ) — (1/8) (a5} M e Pde +
I eBte9Rge— (1/8) [} e F R + [0, [re® (1 — e He)dr +Ei0. [ e {2 — e8|

Fo.i [f:"[t, —tite Mde+ Eu—t,}f:"tdtxj: e'“‘dt}, (51)
Now, expected value of TC,(t,}is

E(TC (1)) =& +E:,D:[_|I:'-x(1+ E(u}x':}de+
(Epnjﬂs}tu@ — e ) + (- e s — (1/8) 1 —e‘fi——*-l]J + &.D, [j';'-(i — E(u}f}[j: w1+ E(u}x-’}dxje—“*dtj +
&, Da| 2201+ E(a)x®)dx+ (7™ — 1)/R* + 1,27 /R| +
&0, [u) e st — {5 ) — (u— e 5] + (1/8) (1 —e 5]} [T e e — {1,075 w) — (2/8) (o502} [e ™+
I Rt — (1/6) [T e (1/6) + [0, [T e (1 — e )ae+E Dop [T e (1 - e )]
Fo.i [j': (t,— e ™ dt+i{p—t,) f:"td.t = j;' e““dt], neglecting expected values of o?, o, a*,.....,
(52)

Now, the single objective problem E (T{Zyp £, ) obtained from (52) by the procedure similar to case 1 is minimized. Thus,
Minimize E (T Cyep (To)) = [WiE (TCoelt,)) + Wik (TCyp (£, (53)

and wytwy; =1, w,w; >0

The condition for E(TC, (t.]) to be minimum is that, dE{TC, - (t,}) /dt, = 0= g, (t,) (say).

where, g, (t,)=

CDEE:=;tf + E]‘E'E:::tf j:'E_E:’:*L“*dt +c, [Et:=;tf _E—m._] _ [(En _ (Elf.fﬂ}:}e—s:;—t._; + |:(E'.,,-"R} _ CL:IE_ Bfu—t, J+RT—t,) 4 Elen:'r—e._;]e—wr -
P [(u— (3/2)e) [['e™dr — (u—t,) (r/ 2™

=0, (54)
Itis verified that d2E( T, () |/deT = 0.
and g, () = CefE’ 4 g of [H g B Ragy 4 g |oEEW° — o] (£, — (C/R)) # (C/R)eMT]eHT, (55)

For the inventory model, the optimal replenishment time is always attained as t;, where t: is the unique solution for both g, (t.)= 0and g, (t,» = 0. Now, the
conditions for p<t; and t7 < u are verified by using the following two theorems:
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Theorem 1: If g, (1) <0, then there exists a unique solution t; = p, which is the minimum point, where p<t7 < T, such that E(TE,ﬂl:t;:l) is obtaining the

minimum value. With this value of t,

Lo = D, [[Tx(1+ E(o)e)dn+ [ (1+ E(a)é)de] (56)
and,@'=Dy, [.I'j'xu;1 + E(a))de+p (1 + EI::t}x':}d.x] + (Dap /)1 —eim 4] (57)

Theorem 2: If g_ (] > 0, then there exists a unique solution tJ < @, which is the minimum point, where t; < g < T, such that E(TCyp (£;]) is obtaining the
minimum value.

Similarly, as in case-1,we can take (t;) as the optimal solution to E(TC, I:t,]l), and I.: =D, I': xEEiE:fd_x )
(58)
Q'=D, [J':'-XEE:-:_‘;:!dx] +% |:1 — T —__‘::l + L:_: I:l-'- - t;E_E =—t] :| —% (59)

MODEL CLASSIFICATION

Here, we have considered two models.
MODEL - 1 (FUZZY STOCHASTIC MODEL WITH CRISP DEMAND AND INFLATION)

Here we Minimize E{TC, (t,)] for u<t,, Minimize E{TC(t,)) for p= t. and Minimize E{TC., (t,)} for > t., with the help of the methods mentioned
above.

MODEL -2 (FUZZY STOCHASTIC MODEL WITH FUZZY DEMAND AND INFLATION)

Here, we suppose that By = { Dy, Doge Do Dog e F = (rpergry,tls 1= 0iyigised, ) B = (BB Ry R, are non-negative trapezoidal fuzzy numbers. So,
fuzzy total relevant inventory costs for u<t,, u=t, and pu > t, are respectively found by the process used in model — 1 along with function principle as:
E(TCam (t2)) = [E(TC.en (£.)) L. E(TCom (£.)) 2 E(TC.pm (£.)) 2 E(TCum (2001,

E(TCam(t,)) = [BITC (1) )0 Bl TCa e ) ) E(TC (1)) E(TCon (200,

E(TCacn (t2)) = [E(TCocn (£0)50 E(TCaca ()5 E(TCscp (£)2 E(TCxcn (810

Now, using Graded Mean Integration Representation method (c.f. Chen et.al.(2005)), the possibilistic mean value of the fuzzy total relevant inventory costs are
expressed by P(E{ TCyrg (t.1]), P(E{TClt, )7 ) and P(E(T Cprp (t.07).

IMPERFECT QUALITY WITH LEARNING EFFECTS

Jaber et al. [17], have considered learning effects on an economic order quantity for items with imperfect quality. However @ is replaced with a (k) which is the
percentage of defective per shipment k in & (t). For example a (k) is expressed using the S-shaped logistic learning curve model as follows:
a (k) = o where &, i, @, are positive model parameters, k is the cumulative number of shipments and o (k) is the percentage defective per shipment

k. )

NUMERICAL EXAMPLES (USING LINGO SOFTWARE)

Now, we try to verify our models using numerical examples for two cases:

(A) Without Learning Effects, (B) With Learning Effects.

(A) WITHOUT LEARNING EFFECTS

OPTIMUM RESULTS OF MODEL- 1

To illustrate the model -1, let us consider the following parametric values:

R=0.15,T=1year, p =3, 5 =0.02, D, =500, i.= 0.08, i_= 0.13$, o, = 70.067, x,= 7005.50, ex, = 0.7932, .= (195,245, 275), L,= (1.2.5), &= (1.3.9)

€= (0.51.50,2.50), Gy=(12,16,28), F= (6.12.22). Weighted interval numbers with weight q = 0.5 are (C_,, C_) = (220,2E60),(C,., Cop) = (15, 35, (Cor. Con)
=62,6) (Cp. Cin) = (L 20, (Cp. Cup) =014,22), (FL By = (3, 17).C_= 2505 forde, C = 58 funit,C,=1.755 funit,year, C = 35 /unit/year, C = 20 § funit/year, P
=515 (c.f. Appendix A), and w, = wr, = 0.5 .

Example 1; when (u=1t, —0.12<1t,): The above parametric data satisfy theorem - 1. The optimal results are t; = 0.£3000% years, " = 130.48%4 and E
(TC.(t)) =5 1567.173.

Example 2; when (p=1t, +0.12 > t, ):The above parametric data satisfy Theorem -2. The optimal results are: t] = 0.388964 years, (}* = 185.0874and
E(TC,(r)) = 5 79548.60.

Example 3: when (p = t;). The above parametric data satisfy Theorem -1. The optimal results are t; = (.418578 years, " = 164.7955 and
E(Tc(g) ) =5 1e82.576.
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SENSITIVITY ANALYSIS OF MODEL-1

In this section, we perform sensitivity analysis by changing system parameters a, B, §, R, ', one at a time by -20% , -50% , 20% and 50% to investigate their

influence on minimum total relevant cost, the optimal order quantity and replenishment number for u < t,, p > t, and p = t, shown respectively in examples -1,

2 and 3 of TABLE-1 . The estimated values of the minimum total relevant costs for the three examples can be represented by EliTC,':t;]':l‘, EIiTI:,':t,']']‘,

E':T C't,':'] respectively, and  theoptimal order quantitycanberepresented by ' Let, for the each  minimum  total relevant  cost,
estimated walue foptimal walue =z and @' /@™=y.
TABLE 1: SENSITIVITY ANALYSIS OF MODEL-1
Parameter | Percentage of under and over estimated parameters of Example -1,Example- 2 and example -3
Example -1 Example- 2 example -3
-50 , -20 0 | +20, +50 -50,-20 0 | +20, +50 -50 , -20 0 | +20, +50
E(a) y | 1.0020,1.0008 | 1 | 0.9992,0.9968 | 1.0007,1.0003 | 1 | 0.9997,0.9993 | 1.0012,1.0005 | 1 | 0.9995, 0.9987
z 1.0016,1.0007 | 1 | 0.9993,0.9974 | 0.9999,0.9999 | 1 | 1.0000,1.0001 | 1.0015, 1.0006 | 1 | 0.9994, 0.9985
B y | 0.9903,0.9974 | 1 | 1.0016,1.0028 | 0.9956,0.9989 | 1 | 1.0006,1.0011 | 0.9937,0.9984 | 1 | 1.0010, 1.0017
z | 0.9923,0.9979 | 1 | 1.0013,1.0023 | 1.0006,1.0001 | 1 | 0.9999,0.9998 | 0.9928,0.9981 | 1 | 1.0012, 1.0021
5 y | 0.9655,0.9865 | 1 | 1.0131,1.0312 | 0.9979,0.0002 | 1 | 1.0008,1.0020 | 0.9773,0.9911 | 1 | 1.0086, 1.0210
z | 0.9664,0.9867 | 1 | 1.0131,1.0323 | 1.9038,1.2247 | 1 | 0.8515,0.7049 | 0.9652,0.9862 | 1 | 1.0136, 1.0335
R y | 1.2621,1.1057 | 1 | 0.8943,0.7377 | 1.1248,1.0514 | 1 | 0.9474,0.8678 | 1.1716,1.0699 | 1 | 0.92950.8239
z 1.2450,1.0920 | 1 | 0.9151,0.7996 | 2.1585,1.2557 | 1 | 0.8377,0.6781 | 1.2407,1.0902 | 1 | 0.9170, 0.8044
D, y | 0.4999,0.7999 | 1 | 1.1999,1.4999 | 0.5000,0.8000 | 1 | 1.2000,1.5000 | 0.5000,0.7999 | 1 | 1.2000,1.5000
z | 0.5798,0.8319 | 1 | 1.1681,1.4202 | 0.4971,0.7988 | 1 | 1.2012,1.5029 | 0.5744,0.8297 | 1 | 1.1703, 1.4256
For p < L. The optimal order quantity and minimum total relevant cost increase as B, D..5 increase. But they decrease as R, E(a) increase. They are more

D..&

sensitive on the change in E(a), R, B, to other parameters.

For n >t The optimal order quantity increases as B, Dz § increases. But it decreases as E(a), R increase. It is more sensitive on the change in R, Dz 1o other

parameters. The minimum total relevant cost increases as E(a), D increases. But it decreases as B, R, & increases. It is more sensitive on the change in §, R, Dy
to the other parameters.

For, (1 =t1): The optimal order quantity and minimum total relevant cost increase as 8, 6, L. increases. But they decrease as E(a), R increase. They are more

sensitive on the change in D,

= to other parameters.
OPTIMUM RESULTS OF MODEL- 2

D, = (400,450,550,600) and R = (0.13.0 .14,EI.16,EI.:1'.'-’}. And other parameters are as in model-1.

Example - 1;0M= 1 T012): T - (045718,0.443469,0.416804,0.403850), 2 = (111.7530,121.5831,138.4752,145.5466), E(re.(s))
(1379.64,1477.573,1648.779,1722.710). P 5 =0.430263, P(Q7) - 129.5694, P(E(TC.(£))) =1559.176. _
Example - 2 (Pofy 012 T - (0.4160880.4023960375789,0362870) ' = (156.4800,173.1227,04.3716,218.9737), ET ()
(73426.54,76653.16,82172.72,84568.36). PL2)= 0.38922, p(Q) 188 4072, FE(TCE)) 79274 40, ) _
Example - 3Rt (0.445578,04319500.4054580302500), Q= (137.99161517858,177.0202,1884618),  ECTCUE))
(1475.947,1583.627,1773.165,1855.743). P50 0418831, P(?) 2164.0100, FETCEI) ) _ 1674 215

On comparing the objective results of the crisp inflation and demand with fuzzy inflation and demand (without learning effect); it is clear that the objective
results with fuzzy inflation and demand are better than the crisp one in all the three examples.
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(B) WITH LEARNING EFFECTS

OPTIMUM RESULTS OF MODEL- 1
TABLE 2: DIFFERENT NUMBER OF SHIPMENTS WITH LEARNING EFFECT FOR EXAMPLE-1, 2 AND 3

Example»l;': B T T 0.12) Example — 2; ': I'l=t1+0.12) Example »3;': Mo l:’)

kK |t o BTC(t)] | & 0 BTC(c)] | & 0 E(TClE))
1 0.430010 | 130.4894 1567.174 0.388964 | 189.0875 | 79548.60 0.418577 | 164.7956 | 1682.577
2 0.430010 | 130.4896 1567.176 0.388965 | 189.0876 | 79548.59 0.418578 | 164.7957 | 1682.579
3 0.430012 | 130.4901 1567.180 0.388966 | 189.0878 | 79548.58 0.418579 | 164.7960 | 1682.583
4 0.430014 | 130.4910 1567.190 0.388968 | 189.0883 | 79548.55 0.418582 | 164.7968 | 1682.592
5 0.430021 | 130.4932 1567.211 0.388972 | 189.0894 | 79548.49 0.418588 | 164.7984 | 1682.612
& 0.430034 | 130.4978 1567.256 0.388983 | 189.0919 | 79548.36 0.418600 | 164.8020 | 1682.655
7 0.430064 | 130.5077 1567.355 0.389005 | 189.0972 | 79548.07 0.418627 | 164.8096 | 1682.748
g 0.430125 | 130.5283 1567.559 0.389050 | 189.1081 | 79547.47 0.418684 | 164.8254 | 1682.942
9 0.430244 | 130.5683 1567.957 0.389140 | 189.1294 | 79546.31 0.418793 | 164.8562 | 1683.319

10 | 0.430447 | 130.6370 | 1568.639 0.389292 | 189.1659 | 79544.32 0.418980 | 164.9089 | 1683.964
11 | 0.430731 | 130.7326 | 1569.589 0.389505 | 189.2167 | 79541.55 0.419241 | 164.9824 | 1684.863
12 | 0.431030 | 130.8333 | 1370.591 0.389729 | 189.2701 | 79538.62 0.419515 | 165.0598 | 1685.811
13 | 0.431265 | 130.9126 | 1571.380 0.389905 | 189.3122 | 79536.31 0.419732 | 165.1207 | 1686.556
14 | 0.431411 | 130.9619 | 1571.870 0.390014 | 189.3383 | 79534.87 0.419866 | 165.1586 | 1687.020
15 | 0.431489 | 130.9881 | 1572.131 0.390073 | 189.3522 | 79534.10 0.419938 | 165.1788 | 1687.267
16 | 0.431527 | 131.0010 | 1572.259 0.390101 | 189.3590 | 79533.73 0.419973 | 165.1887 | 1687.388
17 | 0.431545 | 131.0070 | 1572.319 0.390115 | 189.3622 | 79533.55 0.419989 | 165.1933 | 1687.445
18 | 0.431554 | 131.0098 | 1572.347 0.390121 | 189.3637 | 79533.47 0.419997 | 165.1954 | 1687.471
19 | 0.431557 | 131.0111 | 1572.360 0.390124 | 189.3643 | 79533.43 0.420000 | 165.1964 | 1687.483
20 | 0.431559 | 131.0116 | 1572.365 0.390125 | 189.3646 | 79533.41 0.420002 | 165.1969 | 1687.488
21 | 0.431560 | 131.0119 | 1572.368 0.390125 | 189.3648 | 79533.41 0.420003 | 165.1972 | 1687.491
22 | 0.431560 | 131.0120 | 1572.369 0.390125 | 189.3648 | 79533.40 0.42003 165.1972 | 1687.492
23 | 0.431560 | 131.0121 | 1572.370 - - - - - -

24 | 0.431560 | 131.0121 | 1572.370 - - - - - -

It is clear from TABLE 2 that optimum quantity is increased with learning effect in all the three examples. In example 1 it increased from 130.4894 to 131.0121
after the 24 consecutive shipments. After that it is being constant. In example 2 it increased from 189.0875 to 189.3648 after the 22 consecutive shipments.
After that it is being constant. In example 3 it increased from 164.7956 to 165.1972 after the 22 consecutive shipments. After that it is being constant.So, on
applying the learning effect in both the models on deterioration rate to reduce the percentage of defective, it is analyzed that percentage of optimum quantity is
increasing in each shipment due to this reduction.

Learning curves of all the three examples of model — 1 are shown in Figure-3 for optimum order quantity against number of shipments.

Figure -3(a): Example —1; " = B, 7425) Figure -3(b): Example — 2; - # = k +0.12)
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Optimum quantity of model-1 follows S- shaped learning curve when learning effect applied in each consecutive planning horizon. It is being cleared from Figure
3 (a), (b), (c) which the percentage of order quantity is increasing by reducing the deterioration rate with learning effect in each shipment in all the three
examples.
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OPTIMUM RESULTS OF MODEL- 2
b, = (400,450,550,600) and R = (0.13,0.14,0.16.0.17),

Example — 1; L B= 2 = 0.7425): Bi= (1.1303,1.0918,0.8482,0.8203), 2= (345.84,362.46,112.48,90.88), E(rc.(s)) (8565.98,8825.29,8040.01,8086.90). P &) =
0.9718, plQ2 =232.60, P(E(TC(5))) o= 8397.25.
Example — 2; L= t:40.12): Bi= (0.9733,0.9354 ,0.8622,0.6813), = (845.63, 926.81, 1072.81, 762.04), B(TC.(e) (323223.5,334679.2,350544.8,354198.8).
plz3) = 0.8750, pla?) = 534.40, PLE(TC()]) = 341308.40.

Example — 3; LF=Ta). T3 = (0.3472, 0.3134, 0.2945, 0.2673), U= (82.48, 78.42,91.61,85.21), E(TC(e)) . (8653.25, 8909.33, 9221.58, 9294.56). P12 = 0.3051,
e - I I (e -

p(@) - g4.67, PEITEEN)) L9534 04,

CONCLUSION

In this article, we develop an inventory model for random Weibull deterioration with ramp — type demand and delay in payments under partial backlogging to

determine the optimal order quantity, the minimum value of total relevant cost. All costs are taken as triangular fuzzy numbers. The effects of inflation and time

value of money are also considered. Inflation and demand are also taken as crisp/trapezoidal fuzzy numbers. We present Theorem 1 and 2 to find unique

solution of the total relevant cost. From the sensitivity analysis it is found that the optimal order quantity is more sensitive on the change in the parameters

K. D 1]

=* when p >t’; on the change in the parameter == when p = L. The minimum value of

total relevant cost is more sensitive on change in the parameters E(a), R, B, Bo:8 \hen (u< t ); §R.D; when (p >t ); L= when (n =t ). It helps retailer to
make decisions in different replenishment policies. Optimum order quantities of model-1 and 2 in all the three examples are increased by reducing the
deterioration rate with learning effects in consecutive planning horizon. Finally, the proposed model can be extended in several ways. For example, we could
extend the fuzzy stochastic model to the case of multi cycle model in a planning horizone, fuzzy random planning horizon, multi-items.

E(a), R, B, D, & when pn <t’;on the change in the parameters

APPENDIX A

1. INTERVAL ARITHMETIC:

Lemma 1. If fis a continuous interval-valued function of a real variable x in [a, b] , then there is a pair of continuous real-valued functions f;, f, such that f(x)
_ o [ B = I, £l D' + T, £ (') |

=[f1(x), f2(x)] and the integral of f is equivalent to, ~** - = ]

Proof. Maity and Maity [2005] proved this Lemma 1.

2. THE NEAREST INTERVAL APPROXIMATION OF A FUZZY NUMBER:

Laind.aqlni]

Therefore, middle point of the expected interval number considering “* =

5 T A imddn, [T aq (nddn
then according to Grzegorzewsky [2008], the nearest interval approximation of # is I":' - o TR J .
I:a:l-' 27s E'::' [':':El: + Elg:'."rzl':':ag + EI::'."rz:ﬂ and

If#isa fuzzy number with n-cut

as a triangular fuzzy number is

(f1— ((1— .
sometimes its generalization, called weighted expected value, might be interesting. It is given by I-'-I‘i qla; + g2, J“ W1 @)z +aa; JllJ .

2 =4 aq] A=Ws (4 +AR N 24wy w, =w,=0.5 4 {C.C. G €., Gy, P

3. , Where,

REFERENCES

1. Chen,S.H., Wang,S.T. and Chang, S.M., (2005); Optimization of fuzzy production inventory model with repairable defective products under crisp or fuzzy
production quantity, International Journal of Operations Research,Vol. 2, No. 2, 31-37.

2. Chang, H.J. and Lin,W.F., (2010); A Partial Backlogging Inventory Model for non-Instantaneous Deteriorating Items with Stock-Dependent Consumption
Rate under Inflation, Yugoslav Journal for Operation Research,vol.20,No.1,35-54.

3. Chang, C.T., Ouyang, LY. and Teng, J.T., (2003); An EOQ model for deteriorating items under supplier credits linked to ordering quantity, Applied
Mathematical Modeling, 27,983-996.

4. Chang, H.J., Teng, J.T., Ouyang, L.Y. and Dye, C.Y., (2006); Retailer’s optimal pricing and lot-sizing policies for deteriorating items with partial backlogging,
European Journal of Operational Research, 168, 51-64.

5.  Chen, S.H. and Hsich, C.H., (1998); Graded mean integration representation of generalized fuzzy numbers, The 6™ conference on fuzzy theory and its
application (CD-ROM), filename: 031.wdl, Chinese Fuzzy Systems Association, Taiwan, 1-6.

6. Chen, S.H., (1985); Operations on fuzzy numbers with function principle, Tamkang Journal of Management Science, 6(1):13-25.

7. Chung, K.J., and Huang, C. K., (2009); An ordering policy with allowable shortage and permissible delay in payment, Applied Mathematical Modeling, 33,

2518-2525.

8. Dave, U., (1985); On economic order quantity under condition of permissible delay in payment, by Goyal, Journal of the Operational Research Society, 36,
1069.

9. Deng, P.S., (2005); Improved inventory model with ramp type demand and Weibull deterioration, Information and Management Science, Vol 16, No. 4,79-
86.

10. Giri, B.C. Jalan, A.K. and Chaudhuri, K.S., (2003); Economic order quantity model with Weibull deterioration distribution, shortages and ramp type demand,
Journal of system Sciences, 34,237-243.

11. Giri, B.C.,Chakraborty, T. and Chaudhuri, K.S., (2000); A notes on a lot sizing heuristic for replenishment of deteriorating items with time varying demands
and shortages, Computer and Operation Research,27, 495-505.

12. Goyal, S.K., (1985); Economic order quantity under condition of permissible delay in payments, Journal of the Operational Research Society, 36, 335-338.

13. Grzegorzewski, P., (2008); New algorithms for trapezoidal approximation of fuzzy numbers preserving the expected interval, Proceeding of IPMU’08 pp.
117-123.

14. Hwang, H. and Shinn, S.W., (1997); Retailer’s pricing and lot-sizing policy for exponentially deteriorating products under the condition of permissible delay
in payments, Computer and Operation Research, 24,539-547.

15. Jamal, A.M.M., Sarkar, B.R. and Wang, S., (1997); An ordering policy for deteriorating items with allowable shortages and permissible delay in payment,
Journal of the Operation Research Society, 48,826-833.

16. Jamal, A.M.M., Sarkar, B.R. and Wang,S,. (2000); optimal payment time for a retailer under permitted delay of payment by the wholesaler, International
Journal of Production Economics, 66, 59-66.

17. Jaber, M. Y.,Goyal,S. K.,Imran, M., (2008); Economic production quantity model for items with imperfect quality subject to learning effects, International
Journal of Production Economics, 115, 143-150.

18. Kawakatsu,H., (2010); Optimal replenishment policy for special display goods with ramp type demand rate, Proceeding of the World Congress on
Engineering, Vol. Ill, ISBN: 978-988-18210-8-9.

INTERNATIONAL JOURNAL OF RESEARCH IN COMMERCE, IT & MANAGEMENT .,

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
WWWw.ijrcm.org.in



VoLUME No. 2 (2012), | ssue No. 2 (FEBRUARY) | SSN 2231-5756

19. Khanna, S. and Chaudhuri, K.S., (2000); A note on order level inventory model for a deteriorating item with time-dependent quadratic demand, Computer
and Operation Research, 30, 1901-1916.

20. Liao, H.C., Tsai, C.H. and Su, C.T., (2000); An inventory model with deteriorating items under inflation when a delay in payment is permissible, International
Journal of Production Economics, 63(3), 207-214.

21. Mitra, A., Fox, J.F. and Jessejr, R.R., (1980); A Note on determining order quantities with a linear trend in demand, Journal of Operation Research Society
3(6) 15-20.

22. Maity, K.and Maiti, M., (2005); Numerical approach of multi-objective optimal control problem in imprecise environment, Fuzzy Optimization and Decision
Making, 4,313-330.

23. Mitra, A., Fox, J.F. and Jessejr, R.R., (1980); A Note on determining order quantities with a linear trend in demand, Journal of Operation Research Society
3(6) 15-20.

24. Mahata, G.C. and Goswami, A., (2010); The Optimal Cycle Time for EPQ Inventory Model of Deteriorating Items under Trade Credit Financing in the fuzzy
sense, International Journal of Operations Research,Vol. 7, No. 1, 26-40.

25. Mandal, B. and Pal, A. K., (1998); Order level inventory system with ramp type demand rate for deteriorating items, Journal of Interdisciplinary
Mathematics, vol. 1,pp. 49-66.

26. Ouyang, LY., Teng, J.T. and Chen, L.H., (2006); Optimal ordering policy for deteriorating items with partial backlogging under permissible delay in
payments, Journal of Global Optimization, 34, 245-271.

27. Ouyang, LY., Teng, J.T., Goyal, S.K. and Yang, C.T., (2009); An economic order quantity model for deteriorating items with partial permissible delay in
payments linked to order quantity, European Journal of Operational Research, 194, 418-431.

28. Panda, S.,Senapti, S. and Basu,M., (2008); Optimal replenishment policy for perishable seasonal products in a season with ramp type dependent demand
,Computers and Industrial Engineering, 54, 301-314.

29. Pathak, S. and Sarkar(Mondal), S., (2010); A three plant optimal production problem under variable inflation and demand with necessity constraint,
imperfect quality and learning effects, Journal of Computer and Mathematical Sciences, Vol 1(7), 895-914.

30. Pathak,S. and Sarkar(Mondal), S., (2010); Multi-objective and perishable fuzzy inventory models having Weibull life-time with time dependent demand,
demand dependent production and time varying holding cost: A possibility/necessity approach, AIP 978-0-7354-0854-8/10,CP| 1298.

31. Sharma, M.M.,, Goel, V.C. and Yadav, R.K., (2009); An order-level inventory model for decaying items with ramp type demand and partial backlogging,
International Tranjection in Mathematical Science and Computer, 2, 157-166.

32. Shah, N.H.,Raykundaliya, N., (2010); Retailer’s Pricing and Ordering Strategy for Weibull Distribution Deterioration under Trade Credit in Declining Market,
Applied Mathematical sciences, Vol. 4, No. 21, 1011-1020.

33. Sarkar, B.R., Jamal, A.M.M., and Wang, S., (2000); Optimal payment time under permissible delay for production with deterioration, Production Planning
and Control, 11,380-390.

34. Tripathy, C.K. and Mishra, U., (2010); Ordering Policy for Weibull Deteriorating Items for Quadratic Demand with Permissible Delay in Payment, Applied
Mathematical science, Vol. 4, no. 44, 2181-2191.

35. Teng, J.T., Chang, C.T. and Goyal, S.K., (2005); Optimal pricing and ordering policy under permissible delay in payments, International Journal of Production
Economics, 97,121-129.

36. Wou, K.S. and Ouyang, L.Y., (2000); A replenishment policy for deteriorating items with ramp type demand rate, Proc. Nati. Sci. Counc. ROC (A), 24,279-286.

37. Wu,J. W, Lin, C., Tan, B. and Lee, W. C., (1999); An EOQ Inventory Model with Ramp Type Demand Rate for Items with Weibull Deterioration, Information
and Management science, Vol. 10, pp. 41-51.

INTERNATIONAL JOURNAL OF RESEARCH IN COMMERCE, IT & MANAGEMENT ,

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
WWWw.ijrcm.org.in



VoLUME No. 2 (2012), | ssue No. 2 (FEBRUARY) | SSN 2231-5756

REQUEST FOR FEEDBACK

Dear Readers

At the very outset, International Journal of Research in Commerce, IT and Management (IJRCM)

acknowledges & appreciates your efforts in showing interest in our present issue under your kind perusal.

I would like to request you to supply your critical comments and suggestions about the material published
in this issue as well as on the journal as a whole, on our E-mails i.e. infoijrcm@gmail.com or

info@ijrcm.org.in for further improvements in the interest of research.

If you have any queries please feel free to contact us on our E-mail infoijrcm@gmail.com.

| am sure that your feedback and deliberations would make future issues better — a result of our joint

effort.

Looking forward an appropriate consideration.

With sincere regards

Thanking you profoundly

Academically yours

Sd/-

Co-ordinator

INTERNATIONAL JOURNAL OF RESEARCH IN COMMERCE, IT & MANAGEMENT ,4

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

WWWw.ijrcm.org.in



OLUME No. 2 (2012), Issue No. 2 (FEBRUARY | SSN 2231—575

ABOUT THE JOURNAL

In this age of Commerce, Economics, Computer, I.T. & Management and cut throat
competition, a group of intellectuals felt the need to have some platform, where young
and budding managers and academicians could express their views and discuss the
problems among their peers. This journal was conceived with this noble intention in view.
This journal has been introduced to give an opportunity for expressing refined and
innovative ideas in this field. It is our humble endeavour to provide a springboard to the
upcoming specialists and give a chance to know about the latest in the sphere of research
and knowledge. We have taken a small step and we hope that with the active co-
operation of like-minded scholars, we shall be able to serve the society with our humble

efforts.

R

INTERNATIONAL JOURNAL OF RESEARCH IN
COMPUTER APPLICATION & MANAGEMENT

INTERNATIONAL JOURNAL OF RESEARCH IN COMMERCE, IT & MANAGEMENT ,,

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
WWWw.ijrcm.org.in



