Chapter 4

Multi-item Supply Chain

Management models

4.1 Introduction

The inventory models are normally developed on the basic assumption that
the retailer is paid for the units of the item immediately after the units are re-
ceived. However, it may not be true for today’s competitive business transactions.
Nowadays, it is normally found that the supplier allows a certain fixed time period
(termed as credit period) to its retailers for settling the amount that the retailer
owes to the supplier for the item supplied. The trade credit is a supplier’s short-
term loan to the retailer, allowing the retailer to delay payment of an invoice. Also
the retailer can allow trade credit for the customers to increase his/her demand of

the items.

Nowadays, promotional effort strategy is essential in the oligopoly marketing
system. This strategy is utilised by both large and small business houses to inform,
persuade and remind customers about the products and services they have to
offer. Without business promotion, companies would be stagnant and would lack
substantial growth in the sale of their brands, because their brands would have low
visibility in the market. As a result of promotional efforts, customers are informed
about new products and are also reminded about existing products. This effort
can help companies to introduce new uses for old products in an effort to gain
a new segment of market. Recently, the study of inventory control problems

incorporating promotional cost dependent demand is made by some researchers
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[136, 153, 193|. Again, all these studies are normally made only from the retailers
point of view. But in present competitive market, decision has to be made from
the supply chain point of view, where the profit of the retailer as well as the profits

of all the partners of the supply chain will improve.

In Tsao’s [184] and Huang et al.’s 78| investigation, this problem (Two level
supply chain with retailer’s credit period and promotional cost sharing) is modelled
as a profit maximization problem and is analysed under two distinct scenarios:
Non-Coordination Scenario (NCS) and Coordination Scenario (CS). However, the
following limitations are found in Tsao’s and Huang et al.’s work, which are as

follows:

e The supplier does not hold any product, but the holding cost of the supplier

is considered.

e The interest earned and the interest paid by the retailer and the supplier are

not properly calculated.

e They did not consider the uncertain situation due to volatile market, i.e.,
changing bank interests at regular intervals, uncertain available resource (i.e.,

budget).

Correcting and removing the above limitations, the following things are incor-

porated in the first model (Model 4.1) of this chapter:

e The two-level trade credit is considered, i.e., the retailer and the customer

both enjoyed credit period.

e Demand of the items are influenced by both customer credit period and

promotional cost.
e Uncertain resource in the form of budget is considered.
e Models are discussed in crisp and different imprecise environments.

e A soft computing technique PSO is implemented and used to solve the model

under imprecise parameters.

Nowadays, with the advent of multinationals in developing countries, there is
a stiff competition amongst the companies for capturing the market of a product.
Market price plays key role in stimulating demand of a product. As a result,

to boost the demand, some manufacturers offer price discount in the form of
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putting additional materials in every unit pack, bringing down the unit price
for a certain period of time. Obviously, the demand increases due to low price.
After that specified period of time, the manufacturer withdraws the additional
amount and thus unit price increases. By this process, the demand increases due
to the fact that some customers have already accustomed with the product during
the price discount period and do not switch over to other products though price
discount is withdrawn. This process of boosting a product is commonly practiced
by different manufacturers specially when a product is newly launched in the
market. Some research works have already been done in this direction |68, 99, 138].
But till now a little attention has been paid on supply chain research papers
explicitly incorporating the above type of boosting and change in demand specially
on supply chain models under promotional cost sharing. Price discount policy
plays an important role in improving channel performance [79, 83, 137, 154, 189,
197, 198, 207]. Also promotional effort strategy is an essential part in coordination
mechanism [78, 151, 184|. Tsao [184] discussed how channel coordination can be
achieved using promotional cost sharing and cash discount policy. Huang et al. [78§]
made some correction on the study of Tsao [184]. Though promotional cost sharing
is studied by Tsao [184] to improve supplier-retailer channel performance, none has
studied two level cash discount policy for the same purpose. In the second model
(Model 4.2) of this chapter, an attempt has been made to improve performance of
a supplier-retailer channel by simultaneous use of promotional cost sharing, single
level trade credit and two level cash discount policy. With these implementations,
the model is analyzed in fuzzy environment using GMIV approach and credibility

measure approach.

In any supply chain, profit of each party mostly depends on the market demand
of the items involved in the chain. Though every item has some base demand in
the market, goal of every supply chain is to improve this base demand to survive
in the market. Displayed inventory level always influences the customers and ac-
cordingly the retailers normally hire a showroom in the market place to attract the
customers. This investment is mainly done at the retailer level. Two other factors
which highly influence the demand are — advertisement [113, 120] and selling price
[113, 143, 190]. Any item is supposed to be sold in maximum retail price printed
on the packet, but in reality, it is observed that different retailers give different
discounts to attract their customers. Sometime packaging is made with some extra
amount which basically decreases the unit price. Free gift/extra amount with a

purchase above a predefined minimum amount is another approach of reducing
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the selling price. Again different multinationals as well as small companies use
frequent advertisement to boost the demand of their products to the customers.
Though this type of investment reduces the profit from per unit selling, as total
demand improves significantly high, the resultant profit of each party increases.
But if only one party invests this promotional cost, then, he/she will be the sole
decision maker (DM) of the system, which may not satisfy the other party’s inter-
est. So a coordination is highly required among all the parties in such a manner
that all the parties will share the promotional cost and take part in the marketing
decision. Some research articles have already been published incorporating pro-
motional cost sharing in supply chain [23, 150]. In all these studies, it is assumed
that a promotional effort influences the demand of an item and promotional cost
is a function of this promotional effort. From these studies, it is neither clear how
promotional effort actually improves the demand nor how the promotional cost
function is estimated. Moreover, none of these studies considered the influence
of displayed inventory on the demand, specially for a supply chain management

(SCM) system under retailer’s two-warehouse facility.

It has already been mentioned that the displayed inventory has significant role
in drawing attention to the customers. Due to this reason, it is normally observed
that the retailers decoratively displayed their items in the market outlet. In the
market place, it is very difficult to acquire sufficient space to store and display
the units. Normally the retailer distributes the display area among different items
depending upon the amount of dependency of the demands on displayed units of
different items [16, 114, 117]|. Due to insufficient size of the market outlet they hire
a warehouse with sufficiently large capacity, little away from the market. Items
are initially stored in this warehouse and transferred to the market outlet for sell
in a regular time interval. So the retailer uses two warehouses to run his/her
business smoothly. There are some inventory control models incorporating this
phenomenon [12, 139, 140, 200, 212]. In most of these models, it is noticed that
the items are ordered separately and are transferred from the warehouse to the
market outlet individually, i.e., order of an item is placed when it’s inventory level
reaches the reorder level and its units are shifted from warehouse as soon as units
at market outlet vanishes or reaches a fixed lower level [88, 113, 117]. But ordering
an item as well as its shipment involves some costs, known as ordering cost and
transportation cost which are considerable amounts. Simultaneous ordering and
transportation of different items may reduce this cost significantly [117]. But a

little attention have been paid to develop SCM in this direction, specially under
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promotional cost sharing. Moreover, though impreciseness of inventory parameters
is a well established phenomenon [68, 113, 117], it is not reflected widely in the
literature of SCM specially in the models under promotional cost sharing [150].
Incorporating the above mentioned shortcomings, in the third model (Model 4.3) of
this chapter, a two-level SCM model is proposed where a retailer collects different

items from a wholesaler and sells to its customers using two rented warehouses.

After production of an item it reaches to the customers through different agents,
like, supplier, wholesaler, retailer etc., and totality of such a system is known as
supply chain. In every supply chain, goal of each party is to improve his/her profit.
Due to this reason, in present day competitive market, each party offers some sort
of credit period to its purchaser to improve the sale. But sale of each party mainly
depends on the demand of the item to the customers. Due to this reason, getting
credit opportunity from its wholesaler, the retailer offers some credit opportunity
to its customers. But customers are basically floating in nature and their is no
guaranty that all the customers will obey the business ethics. A portion of the
customers may not pay the credit amount at the end of the credit period. Due to
this credit risk, the retailer normally offers a partial credit period to its customers,
i.e., credit opportunity is offered on a portion of the amount purchased by any
customer. On the other hand, to improve the demand, the retailer uses some
promotional activities, like, local advertisement, offering price discount, free gift
etc. and the cost due to these activities is known as promotional cost. During the
last decade, several research papers have been published reflecting some portions
of this real life phenomenon |78, 150, 184, 185|.

Again, in present day volatile market, inflation plays a major role in marketing
decision [24, 77, 102, 156, 167, 201|. Demands of most of the items in the market
are price sensitive in nature, except medicine and life support items. So price
sensitive demand is influenced by the inflation also. Also price discount policy
is the most effective promotional activity to boost the base demand of an item.
But none of the existing studies of the supply chain models reflects this real life
phenomenon, specially under trade credit policy and promotional cost sharing.
The retailer usually orders different items at a regular time interval, may be termed
as basic period (BP) [117] and cycle length of any item is an integer multiple of
this BP. Though joint replenishment policy is reflected in few two level supply
chain models [6, 117], it has not been reflected in multi-level supply chains under

trade credit and promotional cost sharing. Moreover, most of the existing supply
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chain models are developed in crisp environment, though impreciseness of different
parameters of any supply chain is a well established phenomenon [69, 118, 126,
138, 151]. To overcome these shortcomings, in the fourth model (Model 4.4) of
this chapter, a multi-item supplier-wholesaler-retailer-customers supply chain is
proposed incorporating inflationary effects where each parties offers a partial trade
credit period to his/her purchasers. Items are replenished by the retailer using BP

policy.
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4.2 Model 4.1: Uncertain Multi-item Supply Chain
with Two Level Trade Credit Under Promo-
tional Cost Sharing !

4.2.1 Assumptions and Notations

The following notations are used in this model:

Notation Meaning

& supplier’s purchase cost of the item 1.

w; retailer’s purchase cost of the item ¢, which is a mark-up my of ¢;;
i.e., w; = mc;.

i retailer’s selling price of the item ¢, which is a mark-up m, of w;;

ie., r; = myw;.

Agr major setup cost of the retailer per order.

Ag major setup cost of the supplier per order.

aR; minor setup cost of the retailer for adding the item ¢ into the
order.

as; minor setup cost of the supplier for adding the item ¢ into the
order.

hg,i retailer’s holding cost per unit for the item ¢, which is a mark-up

my, of w;; i.e., hr; = mpw;.

T replenishment cycle length.

T optimal value of T for the coordination scenario.

Tt optimal value of T" for the non-coordination scenario.
tr customers’ credit period offered by the retailer.

th optimal value of i for the coordination scenario.

th optimal value of tg for the non-coordination scenario.
ts retailer’s credit period offered by the supplier.

Qi order quantity for the item 1.

Q! optimal value of (); for the coordination scenario.

Q! optimal value of @); for the non-coordination scenario.

!This model has been published in Computers & Industrial Engineering, 2018, 118,
451-463, Elsevier, with title “ Uncertain multi-item supply chain with two level trade credit under
promotional cost sharing’



168

CHAPTER 4. MULTI-ITEM SUPPLY CHAIN MANAGEMENT MODELS

Notation Meaning

Di retailer promotional effort for the item 7, p; > 1.

I optimal value of p; for the coordination scenario.

Pt optimal value of p; for the non-coordination scenario.

& basic demand for the item 1.

I, rate of interest paid to the bank.

1, rate of interest earned from the bank.

F fraction of the retailer’s promotional cost shared by the supplier.
Bgr retailer’s total purchase cost.

BY retailer’s maximum budget.

Ci(pi,&) annual promotional effort cost for the item i, where C;(p;, &) =

Ki(p;i - 1)%¢", K, is a positive constant and «; is a constant.

11, annual profit, 7 = R for the retailer, j = S for the supplier and
j = C for the channel.
E[Z] expected value of a fuzzy number Z.
E[7Z] expected value of a rough variable Z.
Symbols ~ and ~ are used on the top of above symbols to indicate fuzzy and

rough parameters respectively.

This model is developed under the following assumptions:

1.

The retailer adopts joint multi-item replenishment policy.
No shortages are allowed.
The supplier provides a credit period tg for the retailer.

The retailer also provides a credit period ty for the customer, which magnify
the base demand &; with Atg where \ is a parameter, so chosen to best fit

the demand function.

The promotional effort p; for the item ¢ also magnify the basic demand &;,
with (p; = 1).

So introduction of promotional cost and customers’ credit period changes
the base demand &;, of i-th item to (p; + A\tg)&= pi&i, where pl = (p; + Atg).

The promotional effort cost is an increasing function of promotional effort
and basic demand, C;(p;, &) = K;(pi—1)%&", where K; is a positive constant

and «; is a constant [97].
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4.2.2 Mathematical Formulation of the Model

Here, a supplier-retailer supply chain is considered where the supplier supplies
n items to the retailer under joint replenishment policy and the supplier does
not hold any product. The retailer adopts a promotional cost K;(p; — 1)2£" to
increase the base demand (¢;) of the i-th item and annual increase of the demand
is (p; — 1)&. The supplier offers a credit period tg to the retailer. Due to this
facility, the retailer also offers a credit period ¢tz to the customers to increase the
demand of the items. Increase of base demand &; of the ¢-th item due to the credit
period tg is assumed as Atg&;, where, A is a parameter used to best fit the demand
function. So the resultant demand of i-th item, due to introduction of promotional
cost and credit period given to the customers, is increased as pi&; = (p; + Atr)&. So
effective demand of i-th item D; = pl§;. Here the cycle length T', the promotional

effort p;, 1 =1,2,....,n and the credit period tg are decision variables.

4.2.2.1 Retailer’s Profit

The order quantity, Q; = pi&T

The inventory level of i-th item at any time ¢, ¢;(t) = Q; — D;t

The major set-up cost per unit time = ZR

T
The minor set-up cost for the it item per unit time —
i
lT “ = zﬂifz
w;Q;
T

AR

The selling price for the i** item per unit time =

The purchase price for the *" item per unit time — = w;pi&;
The promotional cost for the i** item per unit time = K;(p; — 1)2&;"

The total holding cost for the i*" item

T T
= hR7i/Qi(t)dt = hR,if(Qi_Dit)dt = p,fz hr,i
0 0
. . L. p; v
Therefore, the holding cost for ¥ item per unit time = hp.i

Calculation of interest to be paid and interest earned for i*" item:
Assuming tg < tg, the total interest paid by the retailer for the #*" item per unit
time (TIPR’J = %(Ipl + 1P +IP3),
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where, IP;

1Py

Hence,

Interest to be paid due to the cumulative units stocked during [tg,T]

_ fqz(t)wzldt w;I, (T ts)?

1P,

Interest to be paid due to the units sold during
[tSa T]
T

f DitpwLydt = w,I,Ditp(T ~ts)

= Interest to be paid due to the units sold during [tg - tg,ts]
ts
t2
/ Di(t-i-tR—ts)wilpdt = U}Z]pngR

ts—tr

D;
pZT[(T t5)2+2tR(T t5)+t2:|

ngl
wily o

T1Ppg,

(T +tg —tg)?

Now, total interest earned by the retailer for the i** item per unit time (TIFEg;)

1

T Interest to be earned due to normal selling during [0,ts - tg]
1 ts—tR ¢

- f Di{ts - (t +tg) hwil.dt = wile%(tg—tR)Q

0

Hence, the retailer’s average profit is as follows:

_ Ap ar; Pi&T »
Ur(pi, T,tr) = _?"';[(Tz w;)p. 5’_T_ 9 hri— K(pz_l) &
%(THR ts)? + wil B2 (ts ~ tr)?] (4.1)

where, pi

=p; t+ )\tR
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4.2.2.2 Supplier’s Profit

. o A
The major set-up cost per unit time = 75

as;
The minor set-up cost for the i** item per unit time = ;
w.
The selling price for the i** item per unit time — ZTQ = w;pi&;
The purchase price for the " item per unit time — Qi = Cipi&

There is no holding cost for the supplier, i.e., holding cost = 0

The total interest paid by the supplier for i** item per unit time (7'IPs;)
1

= ?Qicitslp = pi&icitsI,

Hence, the supplier’s average profit is as follows:

n

’ as;i ’
s(pi, T, tr) = —7 +3. [(wi —ci)pii — T Pifz‘cz'tsfp] (4.2)
i=1

4.2.2.3 Channel Profit

The channel profit, i.e., the sum of the retailer’s and the supplier’s average

profit is as follows:

He(pi, T,tr) = Hg(ps, T, tr) + s(pi, T, tR) (4.3)

4.2.2.4 Non-Coordination Scenario

In this scenario, the retailer determines the optimal promotional effort, the re-
plenishment cycle and the retailer’s credit period to maximize the retailer’s profit
per unit time I1g(p;, T,tg). The following lemma is considered to derive the con-

dition of the optimal solution.

Lemma 4.1. The solution of Ol g(p;, T, tr)/0p; = 0, fori=1,2,....n; Ollg(p;, T, tg)/OT
=0 and Ollg(p;, T, tr)/Otr = 0 is maximal for IIx(p;, T, tg), iff Vg <0 and Wg < 0;

2|:AR + Z aR’i:I n
where, Vg = - ng:l —sz([ [) (75 ~lg)?

+2n: [{ (th +w;l) +wi(l, - I.) == (tg—tR)2}2/2Ki§?i]

i=1 21
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n

wd We = o w"]”%{pg ST+t ts) |+ 3 wile%{pi - 2)\(ts ~ tr) |
i=1 &
3 €Z 2 a V]/% x W]/%
+ ; { B wzlpgz + ?,Uz(lp - Ie)?(ts - tR)} /ZKZé‘Z _ T

)

where, VI, = % A@(hmmm Zwl (I, -1)51(’55T tR){ 20! - A(ts - ta)
=1
+zn:[{ win€i+wi(]p_Ie)_i(tS_tR)}
o - %hRﬁwZ])erl(I I)2T2(t5 1)} 2K

and W, = Vi

Proof. The Hessian matrix for Iy is

[ 9*Tg(pi,Totr) 0 0 *Og(pi,Ttr) 0*Ogr(pi,Titr) ]
op? 0p10T Op10tr
0 O*r(pi,Titr) 0 *Og(pi,Titr) 0*Ogr(pi,Titr)
0p3 0p20T Op20tpr
D 2 =
n 0 0 PNr(pi,Titr) 0*Ogr(ps,Titr) O*Nr(pi,Titr)
dp? dpn0T OpnOtp
O’ Og(pi,Titr) 0*Ogr(pi,Titr) PNg(pi,Titr) 0*Ogr(pi,Titr) O*Nr(pi,Titr)
oTop: T T dpn a2 oTotn
O’ Og(piTitr) 0*Ogr(pi,Titr) PNg(pi,Titr) 0*Ogr(pi,Titr) O*Nr(pi,Titr)
OtrOp1 OtrOp2 OtrOpn OtrOT 81‘/% _

Since %ﬁgﬂtm <0 for ¢ =1,2,....n, so (-1)%.|D;| > 0 for i = 1,2,....,n. If

(-1)%.|D;] >0 for i =n+1 and i = n + 2, then there must be a solution of the given

set of equations to maximize [1g(p;, T,tg).

Multiplying each element in each row i, (i = 1,2, ...,n) of D,,,5 by —(QQH%@ZW
g (pi,Titr)
dp?

matrix becomes

) and adding it to the corresponding element in (n+1)th row, the above

R ONAT)) 0 0 Pr(ps,Titr)  O*Ngr(pi,Thtr)
ap% 0p10T Op10tgr
0 Or(pi,Titr) . 0 OPNr(ps,Titr)  9*Mr(ps,Ttr)
(9[7% Op20T Op20tr
D, .=
nr 0 0 OPOr(pi,Thtr) 0 Ugr(pi,Titr) O*gr(pi,Titr)
80% OpndT OpnOtr
4
0 0 0 Vi VR
O*r(pi,Titr) 0*Hr(pi,Titr) PUr(pi,Thtr) 0 Ugr(pi,Titr) O*gr(pi,Titr)
OtrOp1 OtrOp2 OtrOpn OtroT 6t% _
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]

_ OMg(pi, T,tg) & 0*Ur(pi, T,tr)\? 10*1R(p;, T, tR)
where, Vi = 972 —;[( 00T ) / Gp? ]
2[AR + -ilzlaR’i:I n
-7 ng_ _sz(] I) (75 ~tg)®
n 2
+;[{——(hm+w11)+w,(1 I)2T2(t5 tr)?} [20E
, _ Olg(pi,T,tR) O*r(pi, T tr) O*g(pi, T tr) 10* Rr(pi, T tR)
and Vi = aTotx Zl[ 900t OpdT / 9p?
N AG . &i(ts—t ,
= - Z 5 (hr;+w;l,) - Zwi(lp - [6)_( STQ R) {Qpl - Mts - tR)}

n

+

[{ wils + wi(L,~ 1) ~(ts ~ tr)}

X

—%(th+wl[ ) +w;(I, -1 )2T2

Now, multiplying each element in each column i, (i = 1,

&Ur(pi,T\tr)
- 0p;0T
1)th column, the matrlx reduces to

/ 82HR(pz Tm))

[ 9*T g (pi, Thtr)

0

O* g (pi,Trtr)

(ts = tn)*} [20E

2,...,n) of D,,s by

and adding it to the corresponding element in (n +

op? Op10tR
%M R (p;,TtR) O g(pi,Trtr)
0 e 0 0 —din
Dn+2 =
02T r(ps, TotR) O’ g (pi,Titr)
0 0 R8/;% R 0 ;pnﬂam R
0 0 0 Vi v
0°Mp(piTitr)  O°r(pi.Thtr) PUr(piTitr)  yy7r OMelpiTitr)
OtrOp1 OtrOp2 OtrOpn R ot%, §
where,
W PUg(pi, Titr) Z": [32HR(Pi>T, tr) 0*lg(p:, T, tR)/32HR(Pi>T, tR)]
R OTOtr ~ opiotg 0p;0T dp?

Il
—_

(2

V.

Now, multiplying each element in each row i, (i = 1,2,...,n) of

O*g(pi,Titr)
OtrOp;

Dn+2 by _(
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/ 82HR(’)’ TtR)) and in (n+1)th row by —(W}/Vg) and adding it to the correspond-

ing element in (n+ 2)th row, the following matrix is obtained

[ 9*Tg(pi, Thtr)

O’ g (pi,Totr) ]

o3 0 0 0 0p10tp
0T (ps,TstR) 0’1 (ps,Titr)
0 TEE 0 0 din
Dn+2 =
O’ TR(p;, Tt O’ (ps, Tt
0 0 Réf)% R) ;‘p&ﬂam R)
0 0 0 Vi Vi
| 0 0 0 0 Wr |
where,
W _ 82HR(pZ,T tR) Z”:I:(aQHR pZ,T tR))2/82HR(pi,T,tR):|_ V}%XW;%
i ot dpiOtp 0?2 Va
— 51 /
= —sz {p1+2)\(T+tR ts }+;wile?{pi—2)\(ts—t3)}
§i 2 o VaxWh
+ ; { Wil + wily = L) 7 (s = tR)} /2Ki£i T
Hence the required condition is proved. ]

Let pf, T, t}, be the optimal decision of the retailer in this scenario. Then the

retailer’s profit in this scenario is Iz (pf, T, t%).

4.2.2.5 Coordination Scenario

In this scenario, the supplier likes to be a decision maker and so offers to pay a
percentage of the promotional cost F to the retailer. Then the retailer’s and the

supplier’s profits are as follows:

= AR, pZ&T N
Hg(pi>T7tR) = = T +Z|:(T1 wz)pz i — T hri- (1 F)K (pz )éz
=1
iSi i
—winPQT (T +tg—ts)? +w,l 'OQ—T(tS—tR)Q] (4.4)
AS L ’ as,;

I
|
|

+

15 (p;, T, tr) - - ol - = _FKi(pi—1)2§;*i—pggicitslp] (4.5)
=1
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Thus the channel profit is
Hc(pZ,T tR) H (pZ,T tR) +HF([)”T tR) (46)

As the supplier and the retailer both are decision maker, in this case the channel
profit is optimized for marketing decision. To derive the condition of the optimal

solution the following lemma is considered.

Lemma 4.2. The solution of ¢ (p;, T,tr)[0p; =0, fori =1,2,....n; Ollc(p;, T, tr) /0T
=0 and Oll¢(p;, T,tg)/0tr = 0 is maximal for I (p;, T, tR), iff Vo <0 and We < 0;

2[(AR +Ag) + i(am + aS,i)] n

where, Vo = - Tz3:1 —Zw,(] -1 )ngz (ts —tr)?
+;[{ S s wid) + willy - L) S s~ )’} 256
and Wo = —iw«] é{p’.+2)\(T+tR—tS)}+Zwile—i{p(—2)\(t5—tR)}
o i=1 T
n V5 x W/
e Sl sl - L) (s ~ 1) Rk -
i=1 c
I S gi(ts_tR) /
where, V. = Z itwl,) - Zw,([ -I)——— e {20, - A(ts —tr)}
+Z {~w; L& +w;i (I, - [) (tg tr)}
{— (therz b)) +wi(l, -1 )2T2(t5—t3) F2KEN ]
and Wév = VC'
Proof. The proof is similar to that in Lemma 4.1. m

Let pl, T', ¢!, be the optimal decision of the coordination scenario. Then the
retailer’s profit and the supplier’s profit in this scenario are II% (pZ,Tl,th) and
ITE (pL, T, t%,) respectively.

The retailer’s and the supplier’s profits under the non-coordination scenario are
viewed as the lower bounds for the model under the coordination scenario. Let
HR HR(pz,Tt tt ) and HS = Hs(pg,Tt,t%).

Proposition 4.1. (a) Profits for both parties increase under the coordination sce-

nario, when the fraction of the retailer’s promotional cost is determined to be
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within the appropriate range (Fyin, Finaz ), Where

Ar ar; py&T ! 2
Frnin = {HR"‘W—Z[(E w;)pil T T T hri = Ki(p; = 1)°¢
"51 1 1 2 pglfl l 2 = 2¢04
—wil, Tl(T + = 15)? + Wil 5 (1 — th ] /Z;K ph—1)%¢
&Fmam = _é'i'zn:[(wz_cl)p Si_plfzcztsj:l
T H T! !

_HS}/ Y Ki(ph - 1)%€" where, pf = p| + A},
i=1

(b) When the supplier and the retailer have the same bargaining power, the ap-

propriate fraction of the promotional cost sharing is F' = (Fiuaz + Finin) /2.
Proof. (a) From

Hﬁ(pi,Tl tg) ~11p 20

: an; _ pUET! y
= +ZRH1MP<—;- hina = (1= F)Ki(p = 1)%;
i=1
pi&i pi’&

= Pl - St G - S5 - K- 0
=1

p”§

w L, S (T 4 thy = t6)? + il pﬂi ts - th)>? ]}/ZK(pl—l) g

Therefore, F),;, is obtained. Also from Hg(,oé, T, th) —1Ig >0, F},q: can be obtain.

(b) The following relations are found from (a):

Fmax_F

ﬁﬁmwwplhyzK -1

(Fmax - F) ZKz(pi - 1)251‘%

i=1

= AH?

Similarly,

ATIE = (F = Fpin) Y, Ki(pl - 1)%¢

i=1
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Now, AIIE(F) x ATIL(F)

(s = 1) 3 K= 1260 [ = Fo) K= 17767

(Fraw = F)(F - me){g (i 1) 50“}

(Fonas-F = Fonas-Foin — F2 + F.Fypin) x {ZK(ﬂr 1) 50”}

[_(F_Fmax;Fmin)2+( maz ~ Frnin)? ] {;Ki(pé_l)Qgiai}Q'

Thus, the appropriate fraction of the promotional cost sharing is obtained as
F = (Fraz + Frin) /2. O

4.2.2.6 Models in Different Environments and under Different Con-

straints

The proposed model can be formulated in different environments (crisp /impre-
cise) depending upon the estimation of different inventory parameters. Also dif-
ferent constraints can be incorporated with the proposed model to make it more
realistic. In those cases closed form solution is difficult to derive but the model
can be solved by any soft computing technique like PSO. Mathematical form of

different models are presented below.

Model 4.1.1: Crisp Objective (without any constraint): For this model
[Ir and Il are to be optimized for Non-Coordination Scenario (NCS) and Co-
ordination Scenario (CS) respectively. Here tg is known and ¢g is unknown; i.e.,
supplier gives fixed credit period to the retailer and the retailer decides how much
credit period will be given to the customers to maximize profit. The problem is

as follows:

Determine  p;(i=1,2,....,n),T,tg to
For NCS: Maximize  Ilg (4.7)
For CS: Maximize  Il¢g (4.8)

This model is solved following PSO technique (cf. §2.2.2.1) and GRG technique
(cf. §2.2.1.1) using LINGO 14.0 software. From previous discussion, it is clear that
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optimal solution of both the scenarios of this model exists under certain conditions

as stated in the lemmas.

Model 4.1.1.1: Crisp Objective with Crisp Budget: In real life, it may
happen that the budget of the retailer is limited. So, a budget constraint is

considered in this model. The retailer’s total purchase cost (Bg) is given by
Br =Y wiQ; (4.9)
i=1

Clearly this amount should not exceed the upper limit of the retailer’s budget BY.
So the problem of this model takes the following form:
For NCS and CS, the problems are (4.7) and (4.8) respectively with contraint

> w;Q; < BY (4.10)
=1

This model is solved following PSO technique (cf. §2.2.2.1) and GRG technique
(cf. §2.2.1.1) using LINGO 14.0 software.

Model 4.1.1.2: Crisp Objective with Fuzzy Budget: Taking B} as fuzzy,
denoted by Egb, the corresponding fuzzy model of Model 4.1.1.1 is defined as:
For NCS and CS, the problems are (4.7) and (4.8) respectively with contraint

> w;Q; < BY (4.11)
=1

where, B? = (Br1, Bra, Brs) is the imprecise available budget (TFN type) of the
retailer. For this model, credibility measure (cf. §2.1.2.5) is used to deal with fuzzy
constraint [60, 150]. For any fuzzy event A, it is known that Cr(A) + Cr(A) =1

[107] and using this phenomenon the above constraint reduces to

Cr {Z w;Q; < Byg} >0.5 (4.12)
i=1
Here, the credibility measure of the constraint are made using (2.7). This model

is solved using PSO technique.

Model 4.1.1.3: Crisp Objective with Rough Budget: Here B} is considered
as rough variable and is denoted by BEL. For this model, trust measure (cf. §2.1.3)
is used to deal with rough constraint [150]. For any rough event A, it is known
that Tr(A)+T 7“(/31) =1 [107]. Using this phenomenon, the above problem reduces
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to

For NCS and CS, the problems are (4.7) and (4.8) respectively with constraint

Tr {ZwiQi < Byg} >0.5 (4.13)
i=1
where, B}? = ([Br1, Br2|[Brs, Bra]), 0 < Bgs < Br1 < By < Bpy is rough variable.
Here, the trust measure of the constraints are made using (2.24). This model is

solved using PSO technique.

Model 4.1.2: Fuzzy Objective (without any constraint): In present volatile
market situation, it is observed that bank interests are normally changed fre-
quently. So it is reasonable to consider different interest rates as imprecise param-
eters. As fuzzy optimization is made by expert’s opinion and not much past data
is required for the purpose so it is better to estimate the bank interest rates as
fuzzy numbers [66]. For this reason, the rate of interest paid to the bank (I,) and
the rate of interest earned from the bank (I.) are considered as fuzzy numbers in
this scenario. With these parameters, due to same reason the promotional cost
coefficients (K;, i = 1,2,...,n) are also considered as fuzzy. According to these
assumptions, the individual profits and the channel profit are reduces to fuzzy

numbers and represented by

~ A - ar; pPi&T .
Hr(pi, Titr) = —?RJf [(ri —w;i)pi&s T T T hri - Ki(pi - 1)%"
p:fz 2 p;& 2

—U)Z (T+tR ts) +”IUZI ﬁ(ts —tR) ] (414)
~ A n / S,i / T
Is(pi, T,tr) = —75 + ) [(wi=ci)pi&i - T icitsIp] (4.15)

=1
~ Ar+ A n , aRr;+as; ; A
e (pi, T, tr) = —(R—TS) + 2 [(ri = ci)piti - (ar, - s4) _ p§2 hr.
=1
R PE T, (T 1) w2 g 1)
—pi&icitsI,] (4.16)

Considering the fuzzy numbers fp, I, K; (t=1,2,...,n) as TFNs (L1, L2, Ip3),
(L1, Lea, Ie3), (K1, Kio, K;3) respectively, the fuzzy numbers Iy, g, I becomes
TENs (g1, Mge, Mgs), (Hs1, s, Is3), (Tlo1, Heo, Iles) respectively, where
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Ap & ar;  Pi&T o
g = T +i:1[(7”z w;) pi&i = - TS hr; = Kiga—j) (pi — 1)%€
P; i
Ip(4 j) 2T (T+tR tS) +sze]ﬁ(tS_tR)2] (417)
HSj = + Z (w’b ngl T nglczts (47])] (418>
A A = i i &I
lg; = ( 5+ 45) + ) [(ri = ci)pi&i - (az, ;GS’ ) _ ng hr,i
i=1
~Kiga—jy (pi = 1)26 = wil s ) (T +tg—ts)? +w;l, pii = (ts —tr)?
’ Nor 7T
—pi&icitslya-j]; for j=1,2,3. (4.19)

For the coordination scenario, the individual profits and the channel profit as fuzzy

numbers are represented by

MU Toti) = =3+ 310 =)ol = B = (1 F) R = 1267

I'O’SZ(T+tR to)? +wil.5 piti = (s~ th)’] (4.20)
g (pi, T,tr) = —%Jf‘:[(wi—cz’)dfi—T’Z—FKi(Pi—l)inai—ngicitsjpl‘l-ﬂ)
Me(pi, Totr) = T(pi, Totr) +10E(pi, T, tr) (4.22)

So in this case the problem reduces to

Determine  p;(i=1,2,....,n),T,tg to
For NCS: Maximize  IIp (4.23)

For CS: Maximize  Il¢ (4.24)

Since the objective function of the problem is fuzzy in nature, it cannot be solved
using LINGO. Here, PSO (cf. 2.2.2.1) is used for this purpose. This problem is
solved following two approaches. In the first approach, the problem is directly
solved using PSO and called direct approach. In another approach, the expected
values of the fuzzy objectives are optimized using PSO to find optimal decision.

This approach is named as expected value optimization approach.

Model 4.1.2.1: Fuzzy Objective with Fuzzy Budget: Here the fuzzy objec-
tives of Model 4.1.2 is optimized under fuzzy budget constraints of Model 4.1.1.2.

So the problem for this model is as follows:
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For NCS and CS, the problems are (4.23) and (4.24) respectively with constraint
(4.12).

Model 4.1.3: Rough Objective (without any constraint): Here the rate
of interest paid to the bank (I,), the rate of interest earned from the bank (I.)
and the promotional cost coefficients (K;, i = 1,2,...,n) are considered as rough
variables. According to these assumptions, the individual profits and the channel

profit are reduces to

n

Hr(pi, T,tr) = 7 +Z (i — wi) pi&; im g heai- Ki(pi—1)%€"
—w; 1. p’&(T+tR ts)? +w; ep21§2 2] (4.25)
. A n , as; , .
Is(ps, T tr) = —?SJF [(wi = i) pi&i — ; - pi&icitsly] (4.26)
=1
-~ A +A L , aRr; tags; iSi
He(ps, T,tg) = _Ar+4s) +3°[ (Ti—Ci)Pifz‘—( il T 5:) pg hri
=1
R~ L, (T 1)+ L D g 1)
—p;&citsfp] (4.27)

Considering the rough numbers I, I, K; (i = 1,2,...,n) as ([Lp1, Iz ][ 13, Ipa]),
([Lers Lea] [Lesy Lea])s ([ K1, Kio][ K3, Kia]) respectively, the rough numbers f[R, f[s,
ITo becomes ([TIg1, Tro] [T g3, M r4]), ([Ms1, Mso][Mss3, Msa]), ([Mer, Teo][Mes, Tea])

respectively, where

AR n QR p;ng o
HRj = _T +7; [(Tl wl)pz L T - 9 hR,i Z(m ])(,01 ) f
Wil (m- D pibi (T +itp—tg)® +wil, pQZTZ (ts —tr)?*] (4.28)
Ag &
Is; = —=+ 2 [(wi-ci)pi&i - T — pi&icitslpm-)] (4.29)
iz
(Ar+As) & (ari+as;) pi&T
Hej = ——7—+ [(Tz - Cz)pgfz - : - -2 hRJ‘
’ T Z% T 2
~Kim-(pi = 1)26" = wil (- )’Olgz(TﬂfR ts)? + wil,; pi BNt g —tg)?
J % p J 2T J T

—pi&icitslym-j)]; where m =3 for j=1,2 and m =7 for j =3,4. (4.30)
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For the coordination scenario, the individual profits and the channel profit as

rough numbers are represented by

~ A n p ar.; ; ZT‘ ~ o
5(pi, Titr) = —?RJf [(ri = wi) ] i—%— pé hiri = (1= F)Ki(pi - 1)%¢"
i1
: piSi = i
—wifpﬁ(T-i-tR—ts)Q+wifeﬁ(ts—t}g)2] (431)
S a AS n ’ as; ’ 2 Fay / 7
g (pi, Ttr) = Tt [(wi = ci)pi&i = T - FKi(pi—1)&" - pilicits1,]4.32)
-1
ﬁc’(piaTa tR) = ﬁg(plvT7 tR) +ﬁ§(pi7T? tR) (433)

So in this case the problem reduces to

Determine  p;(i=1,2,....,n),T,tg to
For NCS: Maximize  IIp (4.34)

For CS: Maximize  Il¢ (4.35)

Since the objective function of the problem is rough in nature, it cannot be solved
using LINGO. Here PSO (cf. §2.2.2.1) is used for this purpose. This problem
is solved following two approaches. In the first approach, the problem is directly
solved using PSO and called direct approach. In another approach, the expected
values of the rough objectives are optimized using PSO to find optimal decision.

This approach is named as expected value optimization approach.

Model 4.1.3.1: Rough Objective with Rough Budget: Here the rough
objectives of Model 4.1.3 is optimized under rough budget constraints of Model
4.1.1.3. The problem for this model is as follows:

For NCS and CS, the problems are (4.34) and (4.35) respectively with constraint
(4.13).

4.2.3 Numerical Illustration

The models are illustrated with following set of hypothetical data which are

presented below:

Example 4.1. The following parametric values are in appropriate units:
I, =0.08, I, = 0.10, m, = 1.85, ms = 1.6, my, = 0.05, ¢; = 6, co = 6.25, & = 90,
& =120, Ag =275, a,1 =1, a,2 =1, Ag = 150, as1 = 0.8, as2 = 0.7, aq = 1.25,
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TABLE 4.1: Optimum Results of Model 4.1.1 and Model 4.1.1.1 using PSO
technique and Lingo Software

Model 4.1.1 Model 4.1.1.1
Output using PSO using Lingo using PSO using Lingo
Variable NCS Cs NCS (O] NCS (O] NCS CS
g 1989.72 | 2042.12 | 1989.72 | 2042.06 1989.07 | 2009.27 | 1989.07 | 2013.45
IIs 931.98 980.90 931.85 980.96 923.25 976.47 923.57 973.12
e 2921.70 | 3023.02 | 2921.57 | 3023.02 || 2912.32 | 2985.74 | 2912.64 | 2986.56
Bpr 3574.49 | 4701.00 | 3573.60 | 4702.88 || 3399.72 | 3399.61 | 3400.00 | 3400.00
p1 1.48 1.63 1.48 1.63 1.47 1.61 1.48 1.61
P2 1.64 1.84 1.64 1.84 1.63 1.79 1.63 1.81
T 1.08 1.21 1.08 1.22 1.03 0.89 1.03 0.89
tr 0.16 0.73 0.16 0.73 0.17 0.77 0.17 0.69
Q1 146.89 191.79 146.87 191.85 139.65 140.17 139.78 138.83
Q2 216.43 285.98 216.36 286.11 205.90 205.40 205.81 206.72
F - 0.18 - 0.18 - 0.12 - 0.12
Vr -448.85 - -449.10 - - - - -
Wgr -105.69 - -105.67 - - - - -
Ve - -686.77 - -469.60 - - - -
We - -107.77 - -118.39 - - - -

ay = 1.2, Ky =27, Ky =25, t;, =08, A =0.17, wy = mg X ¢, wy = Mg X Ca,

T =My X W1, T2 =My X W2, hR,lzthwla hR,2=mh><w2-

F =0.18 is taken for the models without constraint (Model 4.1.1, Model 4.1.2,
Model 4.1.3) and F' = 0.12 is taken for the models with budget constraint (Model
4.1.1.1, Model 4.1.1.2, Model 4.1.1.3, Model 4.1.2.1, Model 4.1.3.1) in CS.

(a) Crisp Objective: For Model 4.1.1, the above data set is considered as input.
For Model 4.1.1.1, the budget constraint is used, assuming that the budget of
retailer is limited. Here, the maximum budget of retailer (B7}) is taken as 3400
units for NCS and CS. Both the models are solved using GRG and PSO techniques
and results are presented in Table 4.1. In coordination scenario, the Model 4.1.1
is solved due to different values of sharing of promotional cost (F') and results are

presented in Table 4.2.

For Model 4.1.1.2, the fuzzy parameter Bg is taken as TFN as follows: Bg =
(Br1, Bro, Brs) = (3300,3400,3500) for NCS and CS. All other parameters are
same as in crisp model. With these parametric values, the model is solved using

PSO technique and results are presented in Table 4.3.
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TABLE 4.2: Values of Ilg, IIg in Model 4.1.1 due to different F' in CS using
PSO technique

F Iy Ig o

0.11 | 1983.01 1040.01  3023.02
0.12 1991.44 1031.58  3023.02
0.15 2016.75 1006.27  3023.02
0.18 2042.12 980.90  3023.02
0.21 2067.40 955.62  3023.02
0.23 2084.31 938.71 3023.02
0.24 2092.70 930.32  3023.02

TABLE 4.3: Optimum Results of Model 4.1.1.2 and Model 4.1.1.3 using PSO

technique

Output Model 4.1.1.2 Model 4.1.1.3

Variable NCS Cs NCS CS
IIr 1989.07 | 2009.27 | 1988.91 | 2003.40
IIs 923.25 976.47 926.19 982.18
I 2912.32 | 2985.74 | 2915.10 | 2985.58
p1 1.47 1.61 1.47 1.60
P2 1.63 1.79 1.63 1.81
T 1.03 0.89 1.03 0.89
tr 0.17 0.77 0.22 0.80
Br 3399.72 | 3399.61 | 3398.96 | 3399.01
F - 0.12 - 0.12

For Model 4.1.1.3, the value of rough variable B} is taken as: B} = ([ Bgi, Bra]
[Brs, Bra]) = ([3350,3450][3300,3500]), where 0 < Brz < Bri < Bro < Bpy for
NCS and CS. All other parametric values are same as in crisp model. With these
parametric values, the model is solved using PSO technique and the results are
presented in Table 4.3.

(b) Fuzzy Objective: For Model 4.1.2, the fuzzy parameters I, fp, K; (i =
1,2) for both NCS and CS are taken as TFNs as follows: I, = (Ie1, L2, Ie3) =
(0.07,0.08,0.09), fp = (L1, L2, 1,3) = (0.10,0.11,0.12), K, = (K11, K12, K13) =
(2.6,2.7,2.8), Ky = (Ko1, Koo, Ko3) = (2.4,2.5,2.6) and all other parameters are
same as in crisp model. With these parametric values the model is solved using
PSO technique and the results are presented in Table 4.4. As stated earlier, here
two approaches are followed to find marketing decisions — Direct (objective val-
ues) optimization approach and Expected values (of the objectives) optimization

approach. In the first approach, the fuzzy objectives of the problems are directly



4.2. MODEL 4.1: UNCERTAIN MULTI-ITEM SUPPLY CHAIN WITH TWO LEVEL TRADE CREDIT
UNDER PROMOTIONAL COST SHARING 1

TABLE 4.4: Optimum Results of Model 4.1.2 using PSO technique

Output NCS CS

Variable Direct Approach

fg; E[flr] | (1958.07, 1987.39, 2016.70); 1987.39 | (2011.42, 2053.15, 2094.89); 2053.15

fg; E[iIs] (891.26, 907.65, 924.03); 907.65 (909.45, 934.60, 959.74); 934.60

Mg; E[Tlc] | (2849.34, 2895.03, 2940.73); 2895.03 | (2920.87, 2987.75, 3054.63); 2987.75

o1 1.48 1.64
p2 1.64 1.85
T 1.08 1.19
tr 0.07 0.49
F - 0.18

Expected value optimization approach

[g; E[IIR] | (1958.06, 1987.39, 2016.72); 1987.39 | (2011.45, 2053.19, 2094.93); 2053.19

Ig; E[Mg] (891.17, 907.55, 923.93); 907.55 (909.40, 934.55, 959.71); 934.55

fc; B[] | (2849.23, 2894.94, 2940.65); 2894.94 | (2920.85, 2987.75, 3054.64); 2987.75

1 1.48 1.64
p2 1.64 1.85
T 1.08 1.19
tr 0.07 0.48
F - 0.18

optimized using PSO to find marketing decisions. In another approach, the ex-
pected values of the fuzzy objectives are optimized using PSO to find marketing
decisions. It is found from the Table 4.4 that the results obtained using both the

approaches are almost same.

For Model 4.1.2.1, the values of fuzzy parameters of the objective functions I,
fp, K, (1 = 1,2) are taken same as Model 4.1.2 and the value of fuzzy parameter
Bg of the constraints is taken same as Model 4.1.1.2. All other parametric values
are same as in crisp model. This model is solved using PSO technique and the

results are presented in Table 4.5.

(c) Rough Objective: For Model 4.1.3, the rough parameters I, I, K; (i = 1,2)
for both NCS and CS are taken as follows: I, = ([Io1, Ie2][es, Iea]) = ([0.07,0.08]
[0.06, 0.09]), T, = ([Iyt, Lpa]lLps. Ipa]) = ([0.10,0.11][0.09,0.12]), Ky = ([K11, Kio]
[Kis, K14]) = ([2.6,2.7][2.5, 2.8]), Ky = ([Ka1, K ][ Kas, Kaa]) = ([24,2.5][2.3,2.6])
and all other parameters are same as in crisp model. With these parametric values
the model is solved using PSO technique and results are presented in Table 4.6.
As stated earlier, here also two approaches are followed to find marketing deci-

sions - Direct (objective values) optimization approach and Expected values (of
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TABLE 4.5: Optimum Results of Model 4.1.2.1 using PSO technique

Output Scenario

Variable NCS CS
Mg (1957.42, 1986.95, 2016.48) | (1980.55, 2018.28, 2056.01)
s (886.18, 902.57, 918.96) (916.58, 939.29, 962.00)
e (2843.60, 2889.52, 2935.43) | (2897.13, 2957.57, 3018.01)
1 1.48 1.63
P2 1.65 1.83
T 1.04 0.90
tr 0.06 0.50
F - 0.12

TABLE 4.6: Optimum Results of Model 4.1.3 using PSO technique

Output NCS CS

Variable Direct Approach

Mg; E[TR] | ([1980.36,2009.23][1951.48,2038.11]);1994.79 | ([2035.72,2080.90][1990.55,2126.07]);2058.31

Mg; B[] (1921.82,938.43][905.21,955.03]);930.12 (1949.91,975.52][924.31,1001.12]);962.72
fo; E[To] | ([2902.17,2947.66][2856.69,2993.14]);2924.91 | ([2985.64,3056.42][2914.86,3127.19]);3021.03
1 1.49 1.65
p2 1.65 1.86
T 1.07 1.20
tr 0.17 0.59
F - 0.18

Expected value optimization approach

g; E[Ir] | ([1980.36,2009.23][1951.48,2038.10]);1994.79 | ([2035.59,2080.80][1990.39,2126.00]);2058.19
Ilg; E[IIs] ([921.91,938.52][905.30,955.13]);930.21 ([950.03,975.64][924.43,1001.24]);962.83
fg; B[] | ([2902.26,2947.75][2856.78,2993.23]);2025.00 | ([2985.62,3056.43][2914.81,3127.24]);3021.03

P 1.49 1.65

pa 1.65 1.86

T 1.07 1.20

tr 0.17 0.60

F - 0.18

the objectives) optimization approach. In the first approach, the rough objectives
of the problem are directly optimized using PSO to find marketing decisions. In
another approach, the expected values of the rough objectives are optimized using
PSO to find marketing decisions. It is found from the Table 4.6 that the results

obtained using both the approaches are almost same.

For Model 4.1.3.1, the values of rough parameters of the objective functions I,
fp, K; (i = 1,2) are taken same as Model 4.1.3 and the value of rough parameter

Bg of the constraints is taken same as Model 4.1.1.3. All other parametric values
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TABLE 4.7: Optimum Results of Model 4.1.3.1 using PSO technique

Output Scenario

Variable NCS (O}
Mg ([1980.06,2008.31][1951.81,2036.56]) | (|2014.16,2052.35][1975.98,2090.54|)
g (1914.47,931.07][897.87,947.67]) (]941.31,964.14][918.48,986.98])
o ([2894.53,2939.38][2849.68,2984.23]) | (|2955.47,3016.49][2894.45,3077.51])
p1 1.48 1.63
P2 1.64 1.83
T 1.02 0.90
tr 0.19 0.50
F - 0.12

are same as in crisp model. This model is solved using PSO technique and the

results are presented in Table 4.7.

4.2.4 Discussion

From the optimum results of Example 4.1 in Table 4.1 and 4.2, the following

observations are made:

e It is found that the profits for both the parties (i.e., supplier and retailer)
increase in the coordination scenario than the non-coordination scenario for
a compromise value of I, i.e, if the supplier bears a compromise portion of
promotional cost then it is beneficial for both parties. So theoretical expected

result agrees with numerical findings.

e [t is also found that promotional efforts of all the items are grater than 1.

So promotional effort has a positive effect in a supply chain.

e Again in both the scenarios it is observed that ¢tz > 0, which implies that

customers’ credit period has a significant effect in a supply chain.

Using Proposition 4.1, F},,;, = 0.118 and F},4. = 0.238 are obtained. From Table
4.2, it is found that for F,,;, < I’ < F,,., profit of both the parties increase to some
extent. If F'=0.11 < Fy,;,, then the retailer’s profit Ilg is less in the CS (1983.01)
than the NCS (1989.72). Similarly, if F' = 0.24 > F,,,,., then the supplier’s profit
IIg is decreased in the CS (930.32) than the NCS (931.98). The same sort of
observations are obtained for the imprecise models also. All these observations

agrees with reality.
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For imprecise models inventory parameters are imprecise. As a result, calcu-
lated profits from the corresponding models are imprecise in nature. For any event
which produces imprecise output, none can predict the actual output, but an es-
timation can be made about the output. Normally actual output occurs near the
expected value of the calculated imprecise output. Due to this reason, the impre-
cise models, Model 4.1.2 and Model 4.1.3, are solved following two approaches -
Direct approach and Expected value optimization approach. From Table 4.4 and
Table 4.6, it is observed that both the approaches produces almost same result.
But in the direct approach as objectives are optimized directly, it can be concluded
that the results of the approach are less error-prone. Again in both the approaches
the decision variables are crisp. So the decisions for the decision maker (DM) are
precise and there is no ambiguity in the marketing decisions. The DM can not
find the actual profit in advance but he can estimate that its value will be near

the expected value of the calculated imprecise profit.

4.2.5 Managerial Implementation

In the present global marketing system, a manufacturer/supplier firm follows
two practices: one is offering of discount to the retailers in the form of trade credit
and another is promotion of own goods in the form of advertisement, hoarding etc.
separately or jointly with retailers. The problem to the manager/owner of such a
said firm is how much to invest as promotional effort and how long trade credit to
be offered for maximum profit. His/her other problems are: (i) Nowadays, very
often bank interest are changed at the direction of higher authorities (Reserve
Bank of India, India) against loans and deposits, (ii) Again cash-in-hand, i.e.,
available budget for the firm also fluctuates. The mathematical representations of
these realistic phenomena are difficult and can only be represented by imprecise
variables — fuzzy or rough variables with the help of fluctuating data, if available
or by the experienced experts’ opinions. Thus this investigation solves the above
mentioned problems for the production/supplier firm assuming that the retailer is
co-operative and ready to help the supplier in the form of sharing the promotional
cost and offering a part of the supplier’s credit to his/her customers to boost the

market demand.

On the basis of present investigation’s findings, advice to the manager of a

production/supplier firm is to go for co-operative promotional effort with retailer
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to derive maximum benefits for both sides. Taking some hypothetical data, op-
timum percentage of sharing has been pointed out. To cover up the uncertain
situations due to changes in bank interest and available resource, we have taken
some hypothetical imprecise data and derived the optimum share of percentage for
maximum benefit to both sides — supplier and retailer. In practical cases, changing
these values by real available data or experts’ opinions, the firm’s manager can

have his/her optimum decisions.
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4.3 Model 4.2: Fuzzy Optimization for Multi-item

Supply Chain with Trade Credit and Two-Level

Price Discount Under Promotional Cost Shar-

ing

2

4.3.1 Assumptions and Notations

The following notations are used in this model:

Notation

C;

wy;

T

as;
IR

T

Tl
Tt
fr

Th
fr

Meaning

supplier’s purchase cost of the item .

retailer’s purchase cost of the item ¢, which is a mark-up my of ¢;;
i.e., w; = myc;.

retailer’s selling price of the item 4, which is a mark-up m, of w;;
ie., r; = myw;.

major setup cost of the retailer per order.

major setup cost of the supplier per order.

minor setup cost of the retailer for adding the item ¢ into the
order.

minor setup cost of the supplier for adding the item ¢ into the
order.

retailer’s holding cost per unit for the item ¢, which is a mark-up
my, of w;; i.e., hp,; = mpw;.

replenishment cycle length.

optimal value of T" for the coordination scenario.

optimal value of T' for the non-coordination scenario.

fraction of cash discount provided from the retailer to the cus-
tomer per unit of product, i.e., effective selling price of the retailer
is (1 - fg)r; per unit for item 4.

optimal value of fr for the coordination scenario.

optimal value of fgr for the non-coordination scenario.

2This model has been published in International Journal of Fuzzy Systems, 2018,
20(5), 1644-1655, Springer, with title “ Fuzzy Optimization for Multi-item Supply Chain with

Trade Credit and Two-Level Price Discount Under Promotional Cost Sharing’
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Notation Meaning

fs fraction of cash discount provided from the supplier to the retailer
per unit of product, i.e., effective purchase cost of the retailer is

(1 - fs)w; per unit for item i.

ts retailer’s credit period offered by the supplier.
Q; order quantity for the item 1.
! optimal value of (); for the coordination scenario.
Q! optimal value of (); for the non-coordination scenario.
Pi retailer promotional effort for the item 4, p; > 1.
Pl optimal value of p; for the coordination scenario.
P optimal value of p; for the non-coordination scenario.
& basic demand for the item 7.
I, rate of interest paid to the bank.
1. rate of interest earned from the bank.
F fraction of the retailer’s promotional cost shared by the supplier.

Ci(pi, &) annual promotional effort cost for the item i, where C;(p;, &) =

Ki(p; —1)%¢, K; is a positive constant and «; is a constant.

11; annual profit, 7 = R for retailer, j = S for supplier and j = C for
channel.
G(A) GMIV of the fuzzy number A.

Cr(Ax B) credibility measure of a fuzzy event A * B, where * is any valid

binary operator on the fuzzy numbers A and B.

This model is developed under the following assumptions:

1.

The retailer adopts joint multi-item replenishment policy.

. No shortages are allowed.

. The supplier provides a credit period tg and a cash discount fg per unit item

for the retailer.

. The retailer also provides a cash discount fr per unit item for the customer,

which magnify the base demand &; with \fgr, where A is a parameter.

. The promotional effort p; for item ¢ also magnify the base demand &; with

(pi—1).
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6. So introduction of promotional effort and cash discount given to the customers

reduces the base demand ¢&;, of i-th item, to (p; + Afr)& = pl&, where pl =
(pi + AfR).

7. The promotional effort cost is an increasing function of promotional effort and
basic demand and is of the form: C;(p;,&) = Ki(p; — 1)%£, where K; is a

7 0

positive constant and «; is a constant [97].

4.3.2 Mathematical Formulation of the Model

Here, a supplier-retailer supply chain is considered where supplier supplies n
items to the retailer under joint replenishment policy. Retailer adopts a promo-
tional cost K;(p; — 1)%£" to increase the base demand (&;) of the i-th item and
annual increase of demand is (p; — 1)&;. Supplier offers a credit period ts and a
fraction fg of cash discount per unit item to the retailer to settle the account. Due
to the cash discount, retailer offers a fraction fr of cash discount per unit item to
its customers to increase the demand of the items. Increase of base demand &; of
the i-th item due to cash discount fr is assumed as A fr§&;, where, X is a parameter
used to best fit the demand function. So the resultant demand of i-th item, due
to introduction of promotional cost and cash discount given to the customers, is
increased as pi&; = (p; + Afr)&. So effective demand of i-th item D; = pi¢;. The
cycle length T', the promotional effort p;, ¢ = 1,2,...,n and the fraction of cash
discount per unit item fg are decision variables and this decision is made by the

retailer.

4.3.2.1 Retailer’s Profit

Order quantity, Q; = pi&T

The inventory level of i-th item at any time ¢, ¢;(t) = Q; — Dt
Major set-up cost per unit time = ?R

. 1 . .- QR
Minor set-up cost for i*" item per unit time — —=

4
AW oy e
(L= foJuutes f;)wiQi = (1- fs)wipi&

Total selling price for 7" item per unit time =

Total purchase price for ¥ item per unit time —

Promotional cost for i item per unit time = K;(p; — 1)2£"
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Total holding cost for ¥ item = hRquz(t)dt thf(QZ Dit)dt = ngl hi

ng’l

Therefore, holding cost for it" item per unit time = hg.i.

Calculation of interest to be paid and interest earned for i** item:

Interest paid by the retailer for i** item per unit time (71 Pg)

1
T Interest to be paid due to units stocked during [tg,T]

ZE’L
2T

[ a1 foywil,dt = (1= fo)wl, 55 (T ~15)?

Now, interest earned by the retailer for i** item per unit time (7' Eg;)

1
T Interest to be earned due to normal selling during [0, ¢5]

= f Di(ts —t)(L— fs)wiLdt = (1- fs)uil,

ngl
2T

Hence, the retailer’s average profit is as follows:

Ap & o
Hr(ps, T, fr) = ?+Z[{(1_fR) (1- fs)wz}szz i(ps = 1)%E
i=1
p’-&T piki 9
-——h 1- L, == (T -t
5 - (= fo)wily5m (T~ ts)
, .
+(1 - fg)wile%té]; where, p; = p; + Mg (4.36)
4.3.2.2 Supplier’s Profit
. o Ag
Major set-up cost per unit time = —
Minor set-up cost for i* item per unit time — %
1- Qi
Total selling price for i*" item per unit time — % = (1- fo)w;pi&
Total purchase price for #*" item per unit time = Cijc?i = Cipi&

There is no holding cost for supplier, i.e., holding cost =0
Total interest paid by the supplier for i*" item per unit time (71 Ps;)

1
= f@itscijp = p;é'ztscsz
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Hence, supplier’s average profit is as follows:

As

Ms(pi, T, f) S+ 2 [{- f)wi- e ol - 2 - pititsed, | (4.37)

=1
4.3.2.3 Channel Profit

The channel profit, i.e., the sum of the retailer’s and the supplier’s profit is as

follows:

Hc(phTa fR) = HR(piaTv fR) +H5(pi7Ta fR) (438)

4.3.2.4 Non-Coordination Scenario (NCS)

In this scenario, the retailer determines the optimal promotional effort, replen-
ishment cycle and fraction of cash discount given to the customers to maximize
the retailer’s profit per unit time Iz (p;, T, fr). The following lemma is considered

to derive the condition of the optimal solution.

Lemma 4.3. The solution of Ol g(p;, T, fr)/0p; =0, fori=1,2,....n; g (ps, T, fr) /0T
=0 and Ollg(p;, T, fr)/Ofr = 0 is maximal for IIg(p;, T, fr), iff Vg <0 and Wg < 0;

Q[AR + i aR,l] n

where, Vi = ~———= =31~ fo)ui(l, ~ 1) 253
+i1[{ S+ (= ity + (1= oyt~ 1) S5 farcr ]
n o VI x W!
and WR = ; /\T’§Z+Z|: 252/2[{5 ]_ RVR R
)\i2
where, V} = _Z)@{th+(1 fs)w;l } 2(1 fs)wi(I, - I)QSTZS
n 2
+Z;[{n€ {hp;+ (1 - fs)w;L,} — (1= fs)w;(I, 1) 2T2 }/QKS‘“]
and Wy, = Vj.

Proof. The Hessian matrix for Il is
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[ 9°Tg(p:i,T,fR) 0 0 PNr(pi, T fr)  0*Ugr(pi,T.fr)]
ap? 0p10T 0p10fr
0 9*Or(pi,T,fR) 0 PNr(pi,T.fr)  0*Ogr(pi,T.fr)
dp3 0p20T 0p20fR
Do = 2 2 : 2
0 0 *Ng(p:;, T, fr) O°Ng(pi,T,fr) 9°Ur(pi,T,fr)
p2 Opn 0T OpnOfr
O’ Or(pi,T.fr)  0*gr(ps,T.fr) *Or(pi, T fr) 0*Ugr(ps,T.fr)  O*Nr(pi,T.fr)
oTop oTdps OTOpn oT2 oTofn
O’ Or(pi,T.fr)  8*Ngr(ps,T.fr) *Or(pi, T, fr) 0*Ugr(ps,T.fr) O*Nr(pi,T.fr)
| OfrOp1 OfrOp2 OfrOpn OfroT of3
. 211 T . . .
Since ZHRCLIIR) < () for § = 1,2,..,n, so (-1)i|D;| > 0 for i = 1,2,...,n

ap?

It

(-1)%|D;| >0 for i =n+1 and i = n+2, then there must be a solution of the given

set of equations to maximize [1g(p;, T, fr).

Multiplying each element in each row 4, (i =

82HR(p17T7fR)
op?

7

above matrix becomes

1,2, ...,

n) of D5 by —(
) and adding it to the corresponding element in (n + 1)th row, the

9T 0p;

[ 9°Tg(p:i,T,fR) 0 0 PNr(pi, T fr)  0*Ur(pi,T.fr) ]
ap: 0p10T 0p10fR
0 O*Ug(pi,T,fr) 0 PNr(pi, T fr)  0*Or(pi,T.fr)
dp3 0p20T 0p20fR
Dniz = 82T g (ps.T 82T (ps, T 82T (ps. T
0 0 r(p:,T,fR) r(pi,T,fR) r(pi;T,fR)
dp2 0pn 0T OpnOfr
0 0 0 Vi Vé
*Ur(pi,T.fr)  8*Ngr(ps,T.fr) POr(pi, T fr) 0*Ugr(ps,T.fr)  O*Nr(pi,T.fr)
| OfrOp1 OfrOp2 OfrOpn OfroT of3
0211 i 0211 T 2 10211 i T
where, Vi = R(,Oz2 fr) _ r(pi fR)) / R(Pz2 fR)]
or i=1 8PzaT apz
n
Q[AR+ ZlaR,i] n pf
1= Z

215

i=1

Slhra+ (L= f)wily} + (1= fs)wi(L, - 1)

2T2

9*g(pi,T.fr)

Y focer]
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and Vg

IT0fr
A&

i=1

(2

>

n
=1
n

i=1

2

0piOfr

{has v (1= fo)widy} + 3201~ fo)ui(d, 1)

i=1

GQHR(pi7T7 fR) _ S I:aQHR(piaTa fR)‘aQHR(pivTa fR)/aQHR(phTa fR)

0p;0T op;
NEit%

2772

2
[{Tiff {hri+ (1= fs)wilp} = (1= fs)wi(1, - Ie)riggt% }/QKiS?i]

277

Now, multiplying each element in each column i, (i = 1,2,....,n) of D, by

9*Ug(pi,T.fr)
Op?

k3

_(2*11r(pi,T.fR)
0p; 0T

1)th column, the matrix reduces to

0*Ur(pi,T.fr)

ap2

0

0*Ur(pi,T.fr)

OfRrOpn

) and adding it to the corresponding element in (n +

0 0T g (pi, T, fr) ]
0p10fr

0 0*Ur(pi,T.fr)
0p20fRr

0 0*Ur(pi,T.fr)

8pnafR
!
% Vi
0’1 (ps,T.fR)
! R\Pis1,JR
Wy, ShalLin |

[ O°TR(pi, T, fR) 0
8p%
0 9*Ur(pi,T.fr)
dp3
Do =

0 0

0 0
OPNg(pi, T, fr) 0*Or(pi,T.fr)

0frOp1 0frOp2
where,
W],g _ aQHR(pivTa fR)

dTOfx
A

i=1

Now, multiplying each element in each row i, (i = 1,2, ...,n) of D,,5 by —(

NP r(pi, T, fr) P1r(pi, T, fr) 10*UR(pi, T, fr)
_Z[ 0piOfr ' / ]

dp;

O’ g (pi,T,fr)
9frOp;

w) and in (n+1)th row by —(W;/Vg) and adding it to the corresponding

op?

element in (n + 2)th row, the following matrix is obtained

[ 9*11g(pi, T, fR) 0
Bp%
0 9*Ug(pi,T.fr)
Bpg
Dn+2 =

0 0

0 0
| 0 0

9’ IR (pi,T.fr)

ap?
0
0

0 g (pi,T,fr) ]
Op10fr

0 O*g(pi,T.fr)
0p20fr

0 O*r(pi,T.fr)
OpnOfr

Vi v,

0 Wr

]
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where,

Wa = (i, T, fr) z": [(aQHR(PuT, fR))2/82HR(PiaT7 fR)] VexWpg

8fR i=1 8pi8fR pr VR
n n V/ X WI
= =Y 2+ Y | 2K | - E——E
2+ Y [rie 2K | -
Hence the required condition is proved. O

Let pf, T, ft be the optimal decision of the retailer in this scenario. Then the

retailer’s profit in this scenario is g (pf, T, f§).

4.3.2.5 Coordination Scenario (CS)

In this scenario, the supplier offers to pay a percentage of the promotional cost

F. Then the retailer’s and the supplier’s profits are as follows:

A n
5(pi, T, fr) = —TR+Z;[{(1—fR)Ti—(1—fS)wz‘}Pé&—(1—F)Ki(ﬂi—1)2§ai
O P (- feu ’;ﬁl(T 1)+ (1= f)wl. L5 ¢2]

A n
_?S + Z [{(1 fs)wi - cl}pz€Z - FKi(pi - 1)25% - pi&itscil, ]

=1

Hg(p“ T7 fR)
Thus the channel profit is

HC(puT fR) H (pzyT fR) +HF(p“T fR) (439>

To derive the condition of the optimal solution the following lemma is considered.

Lemma 4.4. The solution of OTc(p;, T, fr)/0p; =0, fori=1,2,....n; OMc(p;, T, fr)]OT
=0and Jllc(p;, T, fr)/Ofr = 0 is maximal for I (p;, T, fr), iff Vo <0 and We < 0;

2[(AR +Ag) + i(aR,i + aS,i)] n

Where, Vo = - ngzl _Z(l fS)wz(] _J )Zﬁl
+ZZ§;[{_%{hR’i+(1_fs)wi[p}+(1_fs)wi(lp_ g}g} /2K£a1:|
n V/ XW,
d We = 2N+ Y |2 2K, 60 | - £—C
an c ; ri&i + 1[r f/ £ ] 7



198 CHAPTER 4. MULTI-ITEM SUPPLY CHAIN MANAGEMENT MODELS

, no\ ; n )\é‘th
where, Vg = =3 2 i (1= f)ud, )+ 320~ fohui(ly ~ 1) s
i=1 =1
e ri& 2t N
+Z[{ {hra+ (L= fo)wid,y = (L= f)wi(L, - L) =557 | [2K&
-1
and W5 = V£
Proof. The proof is similar to that in Lemma 4.3. O]

Let pl, T!, fh be the optimal decision of the coordination scenario. Then
the retailer’s profit and supplier’s profit in this scenario are IT5(pl, T, 1) and
IE(pL, T, fL) respectively.

The retailer’s and the supplier’s profits under the non-coordination scenario are

viewed as the lower bounds for the model under the coordination scenario. Let
g =Hgr(pl, T, f,) and g = IIs(p}, T, fF).

Proposition 4.2. (a) Profits for both parties increase under the coordination sce-
nario, when the fraction of the retailer’s promotional cost is determined to be

within the appropriate range (Fjin, Finaz), Where

Fmin

Ap & o
{HR+?I;°—;[{(1—f3)ri—(1—fs)wi}p;/ i_aTii—pZQ ;
_Ki(pé_l)%iai—(1—fs)wz[pp23§;( F—tg)? + (1= fs)wil, leTglz ]}
/ZK oh-1)%

As & as,i

& Fras ={—ﬁ+;Hﬂ—ﬁmqu@

‘HS}/ Y Ki(ph—1)%€" where, pf = p} + A fh.
i=1

: —pZ Ceitsl ]

(b) When the supplier and the retailer have the same bargaining power, the ap-

propriate fraction of the promotional cost sharing is F' = (Fuaz + Fnin) /2
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Proof. (a) From

Hg(piaTlaf}lQ) -l >0

A n

= _?Il%+2[{(1_,701%)7”1—(1—f5)wi}pg’§i L 1yzen
o ! 1 ,
s = (= Sy S (1 =19+ (1= feyd ]2 1

where, ol = ph+ Afh.

n ; " iTl
= FZ{ _? Z[{ 1- fR)Ti_(l_fS)wi}p;’ AL 1 P
i=1

~Ki(pf - 1% = (1~ fs)wzfppZTg; (T -ts)?*+ (1 - fs)w;l, ZZT% ]}
DRLCEVES

Therefore, F;, is obtained. Also from IT5(p!, T, fL)-ILg > 0, F,, can be obtain.

(b) The following relations are found from (a):

Fae=F = [T5 (o, T, ff) - Hs]/éKi(pé 1)z

= Aﬂg

(Fmaz - F) ZKZ(pi - 1)25?1
i=1

Similarly, A II%

(F = Fpin) Y. Ki(ph - 1)%
=1

Now, AIIL(F) x ATIL(F)

[ = 1) 2 K= 1260 [ = Fos) 3 K- 17

(Foaw — F)(F - me){ i Ki(p; - 1)25?"}2

(Fonas-F = Fonag Fyin = F2 + F.F i) % {ZK(PFU 5%}

[_(F_Fmax+me)2 (max_ )] {;Ki(pé_l)ggl%}z.

2

Thus, the appropriate fraction of the promotional cost sharing is obtained as
F = (Fnae + Fonin)/2. O



200 CHAPTER 4. MULTI-ITEM SUPPLY CHAIN MANAGEMENT MODELS

4.3.2.6 Fuzzy Model

As discussed in the introduction section that in real life most of the inventory
parameters are fuzzy in nature. When some of the inventory parameters are fuzzy
in nature model reduces to a fuzzy model. Normally set up cost, holding cost
are imprecise in nature. In this model let us consider major set up costs Ag, Ag,
minor set up costs ar;, as;, ¢t = 1,2,...,n, and holding costs hgr;, i = 1,2,...,n as
fuzzy numbers Ap, Ag, AR, 43, BR’,», 1 = 1,2,...,n respectively then profits in

both the scenario become imprecise in nature.

Fuzzy model in Non-Coordination Scenario: According to the above as-
sumptions, in this case, the individual profits and the channel profit are reduces

to fuzzy numbers and are represented by

(T ) = =9 3 {C0 - fedra= (1= fwedole - 22 B 17
(= Sty 2 12
+(1 - fs)w; egffﬂ] (4.40)
souTfe) = 8+ (- foywi-abolee- % - pietsers]
oo T, fr) - (AR+AS ] T
Ki(ps — 1% - pléitseid, - (1- fs)w, ,,’;ié’(T—tsy
+(1 - fs)wile g; ] (4.42)

Considering the fuzzy numbers Ap, Ag, aR;, 4s, BRJ, 1 =1,2,...,n as TFNs
(ARl,AR2,AR3), (A31,AS2,AS:3), (aRl,i,aRz,i,@R:s,i), (aSLi;aSZiaaSS,i), (th,i, hRQ,ia
hrs.i) respectively, the fuzzy numbers Iy, Ig, I becomes TFNs (I gy, IR, I1R3),
(Ig1,I59,ITs3), (Iloq,I1e9,I1c3) respectively, where

Aps & arsi  Pi&T

HRI = _T—'_Z[{(l fR)Tz_(l fS)wz}pz i T - 9 hR37i
Apy & ar2i P&l

HR2 = —T+Z[{(l fR)Tz_(l fS)wz}pz i T - 9 hR2,i

“Ki(pi - 1% - (1= fs)uwil pzf‘(T ts)? + (1= fe)uil S22
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Am

ey - -5 +i[{<1 Firs= (L= feu} s - -

ngl

QT(T_tS)Q (1= fs)wil, epl Zt%]

~Ki(pi = 1% = (1= fs)wil,

Asg L as3,i

Ilg; = __+Z {(1 fS)wz Cz}ngz

P;fz’tscilp

,‘gitSCi[p

ge = ——+Z:{(1—fs)wi—ci}p§€i—

HS3 = __+Zn: {(1 fS)wZ Cz}pz§Z gztscz

A + A " aRs; +ass; ; Z7“’
IIen = —(R3T—S3) + Z[{(l—fR)T’i—Ci}ngi - (ars T sa1) - p§2 Rs,i
=1

K 16 = pltseady — (1= Foud, 2o (T =) + (1 - oyl %

Apy+ A (R + as2; 6T
ey = —waZ[{(l—fR)ri—Ci}P;&—( R2’T 527)_p§ hRa,
i

~Ki(p; - 1)2@% _ pg&tscﬂp -(1- fs)wlfpp;;’ (T - tS)Q +(1- fS)wi]ep;_j{i
(Ar1 + As1)

n i i &
Hcg = —T + Z [{(1 - fR)Tz - Cl}pggl - (aRL ;—,G/SL ) - p 62- h/Rl,i
=1

CKi(pi - 1)%€% — plestsed, — (1 fs)w, p/;z;z (T -ts)?+ (1 - fs)wile/;i—;i

Now the GMIV [116] of [y, I, o are given by

~ 1
G(I1g) E[HRI + 411 gy + 3]

G(am) pzfz

_ AR) Z[{(l fr)ri= (1= fsywi}pié -

ngl
2T

G(hgr,)
~Ki(pi - 1)°G" = (1= fs)wil, pl&

. 1
G(HS) = 6[H51 +411go + HS3]

- G (- s e - G ]

(T —ts)? + (1 - fo)wil, t?](4 43)

d

tfq]

tg]
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G(ﬁo) = é[Hm + 41y + HC3]
_ _{G(AR);G(AS)} . :1 [{(1 I P {G(&R,i);G(aS,i)}

—( i par ! ; i
_ng G(hrs) - Ki(pi = 1)% = pl&itseil, — (1 - fg)wi[p%(T —tg)?

Where, G(AR) = %(ARI + 4AR2 + ARg), G(AS) = %(Agl + 4A52 + Asg), G(dRJ) =
%(aRl,i +4CLR27¢ +CLR3,¢), G(dS,i) = %(asu +4aS2,i +as3,z‘), G(hR,z') = %(th,i +4hR2,i +

hRg,i), for ¢ = 1,2, S, n.

So in this case the problem reduces to

Determine pi(i=1,2,...n),T, fr
to maximize Il = (Ilgy, o, Hgs) (4.46)

Till date, fuzzy optimization is not well defined. There exist no method which
guarantees optimal solution of any optimization problem having fuzzy objective.
Due to this reason, here, the problem is solved using PSO (cf. §2.2.2.1), where
comparisons of the objectives are made following two approaches. Let Ig,, g,
be the two objectives corresponding to two solutions X,, X, respectively. Then

two approaches of comparison of solutions are listed below:

e In the first approach, GMIV of the objectives are taken to compare the
solutions. According to this approach X, dominates X, if G(ﬁ Ra)> G(ﬁ Rb)-

So in this case crisp equivalent of the fuzzy numbers are used for the decision.

e In the second approach, credibility measure of fuzzy event is used to compare
the solutions. According to this approach X, dominates X if Cr(fIRa >
II ry) > 0.5. In this approach no crisp equivalent of fuzzy numbers are used

to find marketing decisions. This is a valid fuzzy comparison operation as
Cr(A>B)+Cr(A<B)=1[107].
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Fuzzy model in Coordination Scenario: For the coordination scenario, the

individual profits and the channel profit as fuzzy numbers are represented by

. A n .
5 (pi, T, fr) = —TR +Y, [{(1 = fr)ri — (1= fo)wi}pi&i = (1= F)K;(pi - 1)
=1
ar; P&l 5 i
O S - (1 foundy o (T~ 15)?

+(1- fs)wile’;i—?té] (4.47)

. Ag & as,i ,

05 (pi, T, fr) = —75 + ; [{(1 ~ fs)wi =i} pigi - a% - FKi(pi - 1)%"
~pi&itscil, | (4.48)
ﬂC(IOiaT7 fR) = ﬁg(pZaT7 fR) + ﬁg(pzaTa fR) (449)

So in this case problem reduces to

Determine pi(i=1,2,...n),T, fr to

maximize o = (e, Moo, Hes) (4.50)

The problem is solved using proposed PSO where comparisons of the objectives are
made by using two approaches — (i) GMIV approach and (ii) Credibility Measure

approach, which are discussed above.

4.3.3 Numerical Illustration

The model is illustrated with following set of hypothetical data which are pre-

sented below:

Ezxample 4.2. Here two items are considered. The following different parametric
values are in appropriate units :

I, = 0.08, I, = 0.10, m, = 1.8, ms = 1.6, my, = 0.05, ¢; = 7.5, o = 6, & = 60,
& =80, Agp = 275, a,q = 1, a2 = 1, Ag = 140, a5y = 0.8, as2 = 0.8, a; = 1.3,
g =12, K1 =27, K3=2.5,t,=0.5, A=4.2, f¢ =0.25, w; =mg X 1, Wy =My X Co,

T1 =My X Wi, Ty = My X Wa, hp1 =My X Wy, hro=my x ws.
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TABLE 4.8: Optimum Results of Crisp Model in NCS and CS using PSO tech-

nique and Lingo Software

Output using PSO using Lingo
Variable NCS CS NCS CS
IIr 1900.12 1910.33 1900.12 1910.35
IIs 162.63 170.22 162.61 170.20
Il 2062.75 2080.55 2062.73 2080.55
p1 1.55 1.58 1.55 1.58
P2 1.68 1.72 1.68 1.72
T 1.24 1.48 1.24 1.48
fr 0.09 0.11 0.09 0.11
Q1 142.56 179.55 142.55 179.46
Q2 202.63 255.08 202.58 255.04
Frin - 0.0366 - 0.0366
Fraz - 0.0774 - 0.0774
F - 0.06 - 0.06
Ve -293.48 - -294.69 -
Wgr -18755.24 - -18756.22 -
Ve - -171.94 - -172.90
We - -18583.07 - -18585.36

TABLE 4.9: Values of Ilg, IIg due to different F' in CS using PSO technique

F Mx Mg e
0.03 | 1897.23 183.32 2080.55
0.04 | 1901.65 178.90 2080.55
0.05 | 1905.99 174.56 2080.55
0.06 | 1910.33  170.22 2080.55
0.07 | 1914.62 165.93 2080.55
0.08 | 1919.07 161.48 2080.55

(a) Crisp Model: The above data set is considered as input for crisp model.
This model is solved using PSO technique (cf. §2.2.2.1) and GRG technique (cf.
§2.2.1.1) using Lingo 14.0 software and the results are presented in Table 4.8.
For above Example 4.2, the channel profit is optimized due to sharing of different
fraction (F") of promotional cost by the supplier and the results are shown in Table
4.9. PSO is used to find the results of crisp model to established its efficiency
(with respect to LINGO) to solve this model. In the ANOVA test (cf. §4.12) it
is established that it’s performance is comparable with the established software
LINGO (prepared following GRG technique). But LINGO can not be applicable
for fuzzy optimization, where PSO can be used to find marketing decision. As a

result, here, PSO is also used to find solutions of crisp model.



4.3. MODEL 4.2: FUZZY OPTIMIZATION FOR MULTI-ITEM SUPPLY CHAIN WITH TRADE CREDIT
AND TWO-LEVEL PRICE DISCOUNT UNDER PROMOTIONAL COST SHARING 20

TABLE 4.10: Results of Fuzzy model following GMIV approach

Output using PSO using Lingo
Variable NCS CS NCS CS

Iz (1894.20,1900.12,1907.89) | (1904.49,1910.23,1918.27) | (1894.20,1900.12,1907.89) | (1904.52,1910.26,1918.30)
G(IIg) 1900.43 1910.61 1900.43 1910.64

IIs (158.61,162.70,165.99) (166.89,170.32,173.08) (158.59,162.69,165.98) (166.86,170.29,173.05)
G(IIs) 162.57 170.21 162.56 170.18

Il (2052.80,2062.83,2073.88) | (2071.38,2080.55,2091.35) | (2052.79,2062.81,2073.87) | (2071.38,2080.55,2091.35)
G(Iy) 2063.00 2080.82 2062.99 2080.82

2 1.55 1.58 1.55 1.58

P2 1.68 1.72 1.68 1.72

T 1.24 147 1.24 1.48

fr 0.09 0.11 0.09 0.11

F - 0.06 - 0.06

TABLE 4.11: Results of Fuzzy model following Credibility Measure approach

Output using PSO

Variable NCS CS
Ilg (1894.20, 1900.12, 1907.89) | (1904.60, 1910.33, 1918.38)
Il (158.53, 162.63, 165.92) (166.78, 170.22, 172.97)
Il (2052.73, 2062.75, 2073.81) | (2071.38, 2080.55, 2091.35)
) 1.55 1.58
s 1.68 1.72
T 1.24 1.48
fr 0.09 0.11
F - 0.06

(b) Fuzzy Model: The values of imprecise parameters are as follows: (Ag1, Ags,
Aps) = (270,275, 280), (As1, Ago, Ags) = (136,140,145), (api1,aro1, ags) =
(0.95,1,1.03), (agr12, @r22,ar32) = (0.97,1,1.04), (as11,as21,as31) = (0.76,0.80,
0.83), (as12,as22,as32) = (0.77,0.80,0.84), (mp1, mp2, mpsz) = (0.048,0.05,0.051),
hrji = mp; xw;, for © =1,2 and 5 =1,2,3. All other parametric values are same as
crisp model. With these parametric values the model is solved using PSO tech-
nique and GRG technique following GMIV approach and the results are presented
in Table 4.10. Again this model is solved using PSO technique following credibility

measure approach and the results are presented in Table 4.11.

4.3.3.1 ANOVA Test

To compare the efficiency of the algorithm PSO with LINGO, here ANOVA
test [85] is done. To perform this test, here, results obtained following these
two approaches for four models are considered which are presented in Table 4.12.

These two sets of results are considered as two samples (J = 2). Clearly size of each
sample is I = 4. Critical value of the F-ratio is F'(J-1,J(I-1)) = F(1,6) = 5.99
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TABLE 4.12: Values for ANOVA test

Obtained optimum value

Approach | IIg in NCS | Il in CS | G(I1g) in NCS | G(II¢) in CS
PSO 1900.12 2080.55 1900.43 2080.82
Lingo 1900.12 2080.55 1900.43 2080.82

for significance level 0.05. As two samples are same, calculated value of the F-ratio
is 0 which is less than the critical value F(1,6) = 5.99. So there is no significant
difference between the two samples, i.e., performances of the two algorithms are

same for solving the proposed model.

4.3.4 Discussion

Using Proposition 4.2, F),;, = 0.0366 and F},,, = 0.0774 are obtained. From
Table 4.9, it is found that for F,,;, < F' < F,,., profit of both the parties increase
to some extent. If F' = 0.03 < F,,;,, then the retailer’s profit Il is less in the
CS (1897.23) than the NCS (1900.12). Similarly, if F' = 0.08 > F},.., then the
supplier’s profit Ilg is less in the CS (161.48) than the NCS (162.63).

From the above results of Example 4.2, the following observations are made:

e It is found that the profits for both the parties (i.e., supplier and retailer)
increase in the coordination scenario than the non-coordination scenario for
a compromise value of F, i.e, if the supplier bears a compromise portion of
promotional cost then it is beneficial for both parties. So theoretical expected

result agrees with numerical findings.

e [t is also found that promotional efforts of all the items are grater than 1.

So promotional effort has a positive effect in a supply chain.

e Again in both the scenarios it is observed that fr > 0, which implies that
price discount given to the customers has a significant effect in a supply

chain.

e For fuzzy model it is observed that results obtained using both the ap-
proaches are all most same. But in credibility approach no crisp equivalent
of the objectives are used to find marketing decision. In this respect we can

say that the result obtained using credibility approach is more appropriate
than GMIV approach.
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4.4 Model 4.3: A Two-warehouse Multi-item Sup-

ply Chain with Stock Dependent Promotional
Demand Under Joint Replenishment Policy: A
Mixed-mode ABC Approach

4.4.1 Assumptions and Notations

The following assumptions and notations are used for mathematical formulation
of the model. The symbols ~ and ~ are used over some parameters/variables to

indicate fuzzy and rough quantities respectively.

(i) A wholesaler-retailer supply chain is considered and the inventory system
involves N items. The wholesaler supplies the items to the retailer. The
retailer has two rented warehouses RW; and RW,. Location of RW; is at
the heart of the market place and RW is little away from the market place.
The holding cost at RW; is higher than that at RW5.

(ii) Storage area of RW; and RW; are SA;, SA, units, respectively.

(iii) H, is the planning horizon.

(iv) N, represents the number of orders, done by the retailer during H,,.

(v) T, is the basic time interval between two consecutive orders, i.e., T, = H,/N,.

(vi) M is the number of times the items are transferred by the retailer from RW;
to RW; during T,.

(vii) By is the basic time interval between two consecutive shipments of items by
the retailer from RW; to RW;. So By =T,/ M,.

(Viii) ¢ is the major ordering cost of the retailer.
(ix) Zg is the total profit of the retailer.
(x) Zw is the total profit of the wholesaler.

(xi) Zr is the total profit of the retailer and the wholesaler.
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For i-th item following notations are used (cf. Figure 4.1):

(xii) m; is the number of integer multiple of T, when the replenishment of i-th

item is a part of group replenishment.
(xiii) L; is the retailer’s cycle length, i.e., L; = n;T,.

(xiv) m; is the number of integer multiple of B, when the transfer of i-th item is

a part of group transfer from RW, to RW;.

(xv) Ty; is the duration between two consecutive shipments of the item by the
retailer from RW5 to RW;. So Ti; = m; B;.

(xvi) Item is transferred from RW5 to RW; in P; shipments by the retailer. So

L; . : . .
[T—], if L; is an integer multiple of T}
ti

[%] +1, otherwise

ti
(xvii) Total number of cycles of the retailer is

[—], if H, is an integer multiple of L;
H, _
[E] + 1, otherwise

(xviii) LI, is the last cycle length of the retailer, i.e., Ll; = H, — (N; - 1)L;.

(xix) Item is transferred from RW5 to RW; in Pl; shipments by the retailer in the
last cycle. So

LI
[T—ll], if Li; is an integer multiple of T}
ti

Pliz

[%] + 1, otherwise
ti

(xx) In the j-th retailer cycle item is transferred at ¢t = Tj;1,T}j0, ..., Ti;p,; where
Ejl = (] - 1)[/27 Ejk = 7—;31 + (]{] - 1)E17 for k = 1727---7P’£ and for the last
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(xxi)

(xxii)

(xxiii)

(xxiv)

(xxv)

(xxvi)

(xxvii)

(xxviii)

(xxxi)
(xxxii)
(xxxiii)

(xxxiv)

retailer cycle item is transferred at ¢ = Tin,1, Tin,2, .-, Lin, p1;; Where Tinj =
(]\/vZ - ]-)Lz + (l{? - 1)7}7,, for k = 1, 2, ,Plz

Ar; is the area required to store one unit.

A fraction \; of SA; is allotted for i-th item. So maximum displayed inven-

) N
tory level Qg = 29 4ng S Ni=1
Ar i=1

%

Qi; is the order quantity at the beginning of j-th retailer cycle, which is same
in all the cycles except the last cycle.

Qsiji is the stock level at RW; at the beginning of k-th sub-cycle in j-th
retailer cycle, when items are transferred from RW, to RW;. Stock levels

are same for all the sub-cycles except in the first sub-cycle where Q451 = 0.
cpi is the purchase cost of the retailer per unit item.

Sp; is the normal selling price (maximum retail price (MRP)) of the retailer

per unit item.

spai 1s the discounted selling price of the retailer per unit item, which is a

mark-up mgg; of Spi; i.€., Spai = MkdiSpi-

cp1i and cpo; are the holding costs per unit quantity per unit time at RW; and
RW, respectively. hqy; and hgy; are the fractions of purchase costs assumed as

holding costs at RW; and RWj respectively. So cu1; = hiicpi and cpa; = hoicp,.

Coi 18 the minor ordering cost of the item, which is partly constant and partly

order quantity dependent and is of the form: co; = co1; + Co2:Qi5-

¢ represents minor transportation cost of the item from RW5 to RW; and

is of the form: ¢ = ci1i + c12:Qs5-

fri is the frequency of advertisement per unit time.

Cq; Tepresents the advertisement cost per advertisement.
qi(t) represents the inventory level at RW; at any time t.

Demand of the item D; depends on the inventory level ¢;(t), frequency of

advertisement f,;, discounted selling price s,4 and is of the form: D;(t) =

1 + N + Y0 1+ N .
( fM) i T Yids = Az + Bz‘]z: Where7 Az = % s Bz = L and
(8pai)” (MEaiSpi )" (MkaiSpi)?
T, Vi, o, v are the constants so chosen to best fit the demand function.
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(xxxv) M; retailer cycles are completed during one wholesaler cycle.

N; . .
(xxxvi) p; = [M] If M; divides N; (i.e., M;|N;), then the wholesaler have p; complete
cycles. lOtherWise, there are My; = N; — p;M; retailer cycles in (p; + 1)-th

wholesaler cycle.
(xxxvil) C€pyi is the purchase cost of the wholesaler per unit item.

(xxxViil) cpy; is the holding cost of the wholesaler per unit item. This holding cost is

assumed as the fraction h,,; of the purchase cost of the wholesaler c,,;, i.e.,

Chwi = hwi Cpwi -

(XXXIX) Cyoi 18 the wholesaler’s ordering cost of the item, which is partly constant and
partly order quantity dependent and is of the form: ¢y = Cuwoti + Cuwo2i @Wij;

where QW;; is the order quantity of the wholesaler in the j-th cycle.

4.4.2 Mathematical Formulation of the Model
4.4.2.1 Retailer’s Profit

The replenishment of the items at retailer’s level is made jointly using a BP
policy. Under this policy, the retailer orders different items regularly at a fixed
time interval, T,, called BP. Only those items are included in the order whose level
reaches reorder level at the time of the order. So cycle length of each item is an
integer multiple of T,,. For i-th item it is assumed that cycle length L; is a multiple
n; of T,, i.e., L; =n;T,. So order of i-th item is included in every n;-th order. The
i-th item has a replenishment quantity ((;;) sufficient to meet the demand of the
item for an time interval L,. Among ();; units initially ()4 units are stored in
RW; and remaining (Q;; — Q4;) units are stored in RW. Items are sold from RW;
and are filled up from RW, using another BP policy having period By, i.e., the
items are transferred from RW, to RW; at a regular time interval B;. The i-th
item has a transferred quantity (Qg4 — @sijx) sufficient to last for exactly an integer
multiple (m;) of B;, where Qg;j; is the quantity in hand at RW; before the item
is transferred and after shipment the stock at RW; reaches Qg, i.e., i-th item is
transferred from RW5 to RW; at a regular time interval m;B;, called sub-cycle.
Item stored at R at the beginning of the last sub-cycle is just sufficient to meet
the customer demand during that period, i.e., at the end of each cycle inventory

level reaches zero (cf. Figure 4.1).
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Formulation for the i-th item in k-th sub-cycle (k = 1,2,...,F;) of j-th
retailer cycle [T;1,Tjj1)1] for j=1,2,...,N; - 1:

Inventory
Level at RW,

1 1 QTijZ
i QTij3
Qij-Qdi &4

] QTij(Pi-l)
\ ” iQTijPi

t

iTijl Tij2 Tij3 Tij4 Tij(Pi-l) TijPi Tij1+Li
() i Retailer’s inventory level of i-th item in j-th cycle at RW,
Qdi
—on -t
Tij(Pi-l) TijPi Tij1+Li
Retailer’s inventory level of i-th item in j-th cycle at RW,
FIGURE 4.1: Retailer’s inventory level
Instantaneous state ¢;(t) of the i-th item at RW; is given by
dg;(t
Czlff ) = —(14z + Biqi), for T%jk <t< Ej(k+1) (451)
with boundary conditions ¢;(T};) = Qu;, for k=1,2, ..., P, — 1.
Solving (4.51), the inventory level ¢;(t) can be found as follows:
1
a(t) = E{ — Ai+ (Ai + BiQq;)e P Tun) (4.52)
i

and the stock level, when the items are transferred, is as follows:
1
Qsij(k+1) = §{ - Al + (AZ + BiQdi)e_BiTti}v for k = ]-7 27 SRED) -PZ -1 (453)

where, Q51 = 0.
From RW, to RW;, transferred quantity of i-th item at ¢ = T}j;, is given by

QTijk = Qui _Qsijka for k=1,2,..., P -1 (4-54)
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Instantaneous state ¢;(t) of the i-th item at RW; in the last sub-cycle (k = P;) is
given by

dg; (t)
dt

= —(AZ + qul), for ﬂ]Pl <t< Ejl + Lz (455)

with boundary conditions ¢;(T};p,) = Qrijp, + @sijp,, ¢(Lijn + L;) = 0.
Solving (4.55), the inventory level ¢;(t) can be found as follows:

1
Qi(t) = 5[ - A + {Ai + BiQi(T’ijPi)}G_Bi(t_TijPi)]u (4-56)
for T‘ijPi <t< T’ijl + Lz
A,
and ¢;(Ti;p,) = ﬁ[eBi{Li_(Pi_l)T”} - 1] (4.57)

Now the transferred quantity of i-th item from RW, to RW; at t = T;;p, can be

calculated as follows:
Qrijp, = 4i(Tijp) - @sijp, (4.58)

The retailer’s order quantity of i-th item in j-th cycle is

P-1
Qij = Z Qrijr + Qrijp,
k=1
1
= (Pi- 1)[Qdi - §{ A+ (Ai+ BiQdi)e_BiTﬁ}]
Ail BAL—(P-1)T
+§i[eBz{Lz (P71 (4.59)

Holding cost: Holding cost at RW; in k-th sub-cycle (k =1,2,..., P, - 1) of j-th
retailer cycle (j =1,2,...,N; - 1) is ¢cp1,H 1,51, where

Tij(ker 1 A; + BiQui
Hlijk:/ " )Qi(t)dt:f[—Aiﬂi++—Qi

1 - e Bilu 4.60
5 5 N o)

Holding cost at RW; in the last sub-cycle (k = P;) of j-th retailer cycle (j =
1, 2, ey ]\/vZ - 1) is ChliH]-ijP“ where

Tij1+Li

1 Ai( g

| ASLT,. (P — . liai) i{Li—(P-1)Ty} _

Bi[ AL - (P, 1)Tm}+Bi{e 1}] (4.61)
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So, the holding cost at RW; in the j-th retailer cycle is cp1;H41;;, where
Pi-1
H]-z'j = Z H].ij + HlijPi (462)
k=1

Hence, the holding cost at RW in first (IV; — 1) retailer cycles is ¢;1;H1F;, where

N;-1 _Pi-1
HlE = Z [ Z Hlijk'*'HlijPi:I
j=1 = k=1

1 A; + BiQg; “BiTy;
(Ne= D)(Pi= 1) [ = AT+ S P {1 -

+(N; -1)H1;;p, (4.63)
Stock at RWy during Ty, <t < Tjj(re1 is
k
Q2 = Qij— Y. Qrit
=1

k—
B;

Qij — kQa; + 1{ — Ay + (A + BiQg;)e BiTu} (4.64)

Therefore, the holding cost at RW, in k-th sub-cycle of j-th retailer cycle is

Ch2iH 251, where

Tij(k+1)
H2ijp. = /T Q2ijpdt = Q25T (4.65)

ijk

Hence, the holding cost at RWj in first (IV; — 1) retailer cycles is ¢jo; H2F;, where

N;-1P;-1 . .
H2F; = > > H2y, = Tu(N;- 1)[(Pz‘ -1)Qi; - wégdi
kel
N 22)12}) 1) {- A+ (Ai+ BZ-Qd,-)e‘BiT”}] (4.66)

Sell revenue: Sell revenue during Tjjx <t < Tjj(x11) 1S SpaiS Riji, Where

Tij(k+1) Az + Bszz
SR =f Dy(t)dt = ———*=
Tiji+Ls A; + Biqi(Ti;p, AL~ (P; ;
and SR;p, = f 1 D;(t)dt = * B‘g( JPZ)[l_e—Bz{Lz—(Pz—l)Tn}] (4.68)
Tijp, i

(1- e BiTh) (4.67)
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So, the sell revenue in first (IV; — 1) retailer cycles is s,q4SRF;, where

N;-1_P;-1
SRH = Z [ Z SRijk-FSRijpi]
j=1 " k=1
= (V- 1)(P - )R ity
Ait 5
1) 2| pBidLi-(Pi-1)Tyi} _
HNi- D)3 E 1] (4.69)

Purchase cost: Purchase cost in first (N; — 1) retailer cycles is ¢,; PC'F;, where
Ni-1
j=1

Minor ordering cost: Minor ordering cost in first (N; - 1) retailer cycles is given
by

N;-1
OCF; = Z (Coti + Co2iQiz) = (Ni=1)(Cori + C2iQij) (4.71)
j=1

Minor transportation cost: Minor transportation cost in first (N; — 1) retailer

cycles is ¢; TCF;, where
N;-1 _P;-1 N;-1
TCF, = ), [ > QTijk;"‘QTz‘jPi:I = > Qy = (N;i-1)Qi; (472
J=1 " k=1 J=1

Advertisement cost: Advertisement cost in first (V; — 1) retailer cycles is given
by

ACFl = fri(Ni_l)Licai (473)

Formulation for the i-th item in k-th sub-cycle (k = 1,2,..., Pl;) of last
retailer cycle [T;n,1, H,|:

Cycle-length of the last retailer cycle is Ll; = H, - (N; — 1)L;. This cycle-length
may be different from other retailer cycle. So, the number of sub-cycles is also

different. In this retailer cycle, the number of sub-cycle is Pl;.

Instantaneous state ¢;(¢) of the i-th item at RW; is given by

dqz-lit) = —(A; + Big;), for Ting <t < Tin,ke) (4.74)
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with boundary conditions ¢;(Tin,x) = Qai, for k=1,2,..., Pl; - 1.
Solving (4.74), the inventory level ¢;(¢) can be found as follows:

1
q(t) = g{ - A+ (A + BiQdi)e_Bi(t_TiN’ik)} (4.75)
and the stock level, when the items are transferred, is as follows:
1
QsiNy(kr1) = E{ - A+ (A + BiQdi)e_BiTti}, for k=1,2,...,Pl; - 1. (4.76)

where, Qgin;1 = 0.

With similar explanations, the inventory level g¢;(t) for T;n,pi, <t < H,, is as follows:

|~

i(t)

[ A+ {Az + Biqi(ﬂNipli)}eiBi(tiTiNiPli)] (477)

=

| >

.

and ¢;(Tin,pi;) i[eBi{Lli_(Pli_l)T”} - 1] (4.78)

The retailer’s order quantity of i-th item in last retailer cycle is

Pl;-1

Qin, = Z Qrinik + Qrin, Py,
k=1

1 T
(Pl - 1)[Qdi - _B-{ A+ (Ai+ BiQdi)eiBZTu}:l
.| B
A; {Lli—(PlLi-1)Te} _
+Bi [e 1] (4.79)
Holding cost: Holding cost at RW; in k-th sub-cycle (k =1,2,..., Pl; - 1) of last

retailer cycle (j = N;) is cp1;H 1;n,, where

RAACE 1 Ai + BiQu
Hlg= [ oyt = [ - A+ 200

Tin;k B; B;

{1-eBTy] (4.80)

Holding cost at RW; in the last sub-cycle (k = Pl;) of last retailer cycle (j = IV;)

is cp1:H 1N, p1;, Where

Hy 1
Tin, P, B;

(2

+%{€Bi{Lli—(Pli—1)Tn-} _ 1}] (4.81)

i
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Hence, the holding cost at RW; in the last retailer cycle is ¢;,1; H1L;, where

Pl;i-1

HI1L; > Hling+ Hlin,py,
)

(P~ 1) 5[ - AT+ 2200

= (1= BTy |+ Hliypr, (4.82)

Stock at RWy during Tin,x <t < Tin, (k1) 18

k
Q2ing = Qin, = ), Qriny
=1
= Qin, — kQai + kB? { = A+ (A + BiQdi)eiBiT“‘} (4.83)

Therefore, the holding cost at RW, in k-th sub-cycle of last retailer cycle is

Ch2iH2;n,1, where
TiN;(k+1)
H2iny = fT Q2inkdt = Q2N Ty (4.84)
Nk

Hence, the holding cost at RW; in last retailer cycle is ¢j9; H2L;, where

Pl;-1
H2Li = Y H2ivg = Tl (Pli=1)Qix, -
k=1
(PlL=2)(PL
2B;

(Pl - 1)Pl

——Qu

1) {-Ai+ (4 + Bi@di)eiBiTti}] (4.85)

Sell revenue: Sell revenue during Ty, <t < Tin,(x+1) 15 SpaiS Rin,k, Where

Liny (ks Ai + BiQu; _B.T,:
Shoi = [ Dynyar = AT om0
iN;k Bi
H, A,
and SRiy,p, = [ Dit)dt = [P PDT) 1] (4.87)
Tin, P, B;

So, the sell revenue in last retailer cycle is s,4S RL;, where

Pl;-1

SRL; = Z SRin;k + SRin, P,
k=1

A+ B:O.: A,
= (Pl; - 1)Z+—lel(1 _ e BiTu) 4 _Z[eBi{Lli—(Pli—l)Tﬁ} _ 1] (4.88)

B; B;

Purchase cost: Purchase cost in last retailer cycle is ¢, PCL;, where
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Minor ordering cost: Minor ordering cost in last retailer cycle is given by
OCL; = coi+coiQin, (4.90)

Minor transportation cost: Minor transportation cost in last retailer cycle is
c; 'C'L;, where

TCL, = Qn; (4.91)
Advertisement cost: Advertisement cost in last retailer cycle is given by

ACLZ = friLliCai (492)

Major ordering cost: The major ordering cost of the retailer through the whole

planning horizon is

MOC = ¢poN, (4.93)

4.4.2.2 Wholesaler’s Profit

If M;|N; (M; divides N;), then there are p; full cycles in wholesaler’s inventory

period. Otherwise, there are My;(= N; — p; M;) retailer cycles in (p; + 1)-th whole-

saler cycle with p; full cycles, where p; = [ ]]\\/L] and [z] represents integral part of

x. Wholesaler’s inventory level of i-th item in k-th wholesaler-cycle is shown in
Figure 4.2.

The order quantity of the wholesaler for i-th item in j-th cycle is given by

QWi; = QiG-nmy + Qi(j-n)ai+2y + - + Qigingy (4.94)

The order quantity of the wholesaler for i-th item in last cycle is given by

If MilNi, QWi = Qiqpi-n)mty + Qifi-vyntzy + -+ Qigpary  (4.95)
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Inventory
Level a

A iQi{(k-l)MHz} -

1Qi{(k-1)Mi+3;

1Q k-1)Mi+4}
QWik-Qi((k—l)MHl} DM

—I I Qi{kMi}
—MA Y — AN

Ti{(k»])MiH}l Ti{(k»l)Mi+2}I T|:(k-l)Mi+3}l Ti((k-l)Mi+4}l Ti:kMi}I Ti‘.kMiH,‘l

— t

Wholesaler’s inventory level of i-th item in k-th wholesaler-cycle

FIGURE 4.2: Wholesaler’s inventory level

The total order quantity of the wholesaler can be calculated as follows.

N;
TQW; = > Qi (4.97)
j=1
Holding cost: The holding amount of the wholesaler for i-th item in j-th cycle
is given by
JM;
HWij = Z Qik(Tikl - ij)7 where, Twj = T%{(j—l)Mﬁl}l (498)

k=(j-1)M;+1
The holding amount of the wholesaler for ¢-th item in last cycle is given by

piM;
It Mi|Nia wazlp, = Z sz(Tzkl - TU)pi)? (499>
k=(p;—1)M;+1
where, Tup; = Ti{(Prl)MiJrl}l

piMi+ My,
It M; + N, HW/il(pﬁl) = Y Qu(Tiwr = Tupi1), (4.100)
k:piMi+1

Where, Twpi+1 = E{piMi‘Fl}l

Hence, the total holding cost of the wholesaler is

pi—1
cnui( Y, HWij + HW, ), if Mi|N,
HCW, = =1 (4.101)
Chwi( Z; HWZ] + HWzl(lerl)), if M; + N;
p=
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Sell revenue: The sell revenue of the wholesaler for i-th item is

SRW; = ¢ TQW; (4.102)
Purchase cost: The purchase cost of the wholesaler for i-th item is

PCW; = cpuiTQW; (4.103)

Ordering cost: The ordering cost of the wholesaler for i-th item is

Di
Z(Cwoli + Cwo2iQWij)a if M1|Nz

OCW,; =4 =1 (4.104)
Z(Cwoli + ConiQVVij) + (cwoli + Cwo2iQVVil(pi+1))a lf Mz + Nz

i=1
4.4.2.3 Promotional Cost

Promotional cost is an important part in any marketing system. In most of
the research papers, promotional cost is considered as the function of promotional
effort which increases the base demand of the item [97, 150]. But in these studies
no proper guideline is outlined about the actual process of the improvement of the
demand of an item by any promotional effort and the exact amount of the cost
behind this promotional effort. In this study two promotional efforts are used-
one is advertisement and other is price discount. Let us assume that the MRP
per unit of the i-th item is s,;. To increase the demand of the items, the retailer
sells the product in a discounted price s,q. Clearly the differences between the
sales revenue with discounted price and the sales revenue with normal price is the
promotional cost associated with this promotional activity. Again cost of different
advertisements is the promotional cost associated with the advertisement related
promotional activities. So total promotional cost associated with the promotional
activity, PRC, is given by

N

PRC = 3, [(sz’ — 5pai) (SRF; + SRL;) + (ACF; + ACLi)] (4.105)

i=1
4.4.2.4 Crisp Model

The total profit gained by the retailer through the whole planning horizon is
given by
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N
Zp = Y [spdi(SRFi + SRL;) - ¢,i( PCF; + PCL;) - cp:(H1F, + H1L,)
=1

—enai(H2F, + H2L;) - (OCF, + OCL;) - (TCF; + TCL;)
~(ACF;+ ACL;)| - MOC (4.106)

The total profit gained by the wholesaler through the whole planning horizon is
given by

N
Zw = Y.|SRW; - PCW;~ HCW, - OCW;| (4.107)
i1
The channel profit of both the retailer and wholesaler is

ZT = ZR+ZW (4108)

If the wholesaler does not coordinate with the retailer, then this situation is
termed as Non-Coordination Scenario (NCS). Here, the retailer is the leader de-
cision maker and the wholesaler is the follower and hence the problem in this

scenario is as follows.

To determine N,, My, n;, m;, fri, Mgai, \i; fori=1,2,.... N

} (4.109)

Maximize ZRr

Depending upon the retailer’s decision, the wholesaler tries to improve his/her

profit. So the problem of the wholesaler mathematically takes the following form:

To determine M;; for:=1,2,....N
(4.110)

Maximize Zw

If the wholesaler shares some portion of the promotional cost, then this sce-
nario is termed as Coordination Scenario (CS). Let us consider that the wholesaler
shares F' fraction of the promotional cost. So the retailer have gained the same
amount. Therefore, the profits of the retailer, the wholesaler and the channel

profit are respectively
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N
ZR = Z [Spdi(SRE + SRL@) - sz(PCF, + POLZ) — Chh'(Hlﬂ + HlL,)
=1
e (H2F, + H2L;) - (OCF; + OCL;) - (TCF; + TCL,)
~(ACF;+ ACL;)| - MOC + F.PRC (4.111)

N
Zw = y.|SRW; - PCW;~ HCW; - OCW;| - F.PRC (4.112)
=1

ZT = ZR+ZW (4113)

In this scenario, the retailer and the wholesaler jointly determine the marketing

decision and hence the problem mathematically takes the following form:

To determine N, My, n;, m;, fri, Mpai, Ni, My; fori=1,2,.... N

Maximize Zr

} (4.114)

4.4.2.5 Fuzzy Model

It has already been mentioned about the impreciseness of different parameters
of any inventory system [113, 116, 118]. Due to fluctuating world economy differ-
ent costs changes frequently. In the proposed model, the fractions hy;, hg; in the
holding cost functions of the retailer, the constants c,;, co2; in the minor ordering
cost function of the retailer, the advertisement cost ¢,;, the fraction h,,; in the hold-
ing cost function of the wholesaler, the constants c,o1:, Cwo2; in the ordering cost
function of the wholesaler are assumed as the triangular fuzzy numbers (TFNs)
[115, 127, 214] ha;, has, Cotis Conis Cais Pasis Cuwolis Cwozi Tespectively, for i =1,2, ..., N,
where Tlu = (h11i7h12i,h13¢)7 E2i = (h21i7h22i;h23i); Coli = (Colli>C012iacol3i)7 Co2i =
(00211‘7 Co22is 00231')7 Cai = (Ca1i7 Ca2i) ca3i)) Ewi = (hwlia Prw2i, hw3i)7 Cuwoli = (Cw011i7 Cwol12i)
Cwol3i)s Cwo2i = (Cwo21is Cwo22is Cuwosi)- Hence, the profits in both the scenarios be-

come fuzzy in nature.

In NCS; the individual profits and the channel profit are represented by

~

N
ZR = Z [Spdi(SRFi + SRLZ) — Cm(PCE + PCLz) —Ehli(HlFi + HlLZ)
=1

~(ACF; + ACLy)| - MOC (4.115)
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—~ N —_— —_—

Zw = Y.|SRW; - PCW,- HCW,-OCW,| (4.116)

ZT = ~R + ZW (4117)
In NCS, since the retailer is the leader and the wholesaler is the follower so the

retailer determines the marketing decision at first. So the mathematical problem

in this scenario is as follows.

To determine N,, My, n;, m;, fri, Mgai, \i; fori=1,2,.... N

_ } (4.118)

Maximize Zr

Depending upon the retailer’s decision, the wholesaler tries to improve his/her

profit. So the problem of the wholesaler mathematically takes the following form:

To determine M;; fori=1,2,....N
~ (4.119)

Maximize Zw

In CS, the individual profits and the channel profit are represented by

N
ZR = Z[Spdl(SRE+SRLz)_Cpl(POFZ‘FPCLZ)—’é’hlz(HlF;-’rHlLl)
1=1

i (H2F, + H2L,) - (OCF,; + OCL;) - (TCF, + TCL))

~(ACF;+ACL;)| - MOC + F.PRC (4.120)
N

Zw = Y.|SRW; - PCW;- HCW,;-OCW,|- F.PRC (4.121)
=1

Zr = Zp+Zw (4.122)

In CS, the retailer and the wholesaler jointly takes the marketing decision to
improve the channel profit as well as individual profit. So in this scenario, the

problem mathematically takes the following form:

To determine N, My, n;,m;, fri, Mpai, Ni, My; fori=1,2,.... N

_ } (4.123)

Maximize Zr

As the fuzzy variables are taken as TFNs, the individual profits and the total
profit becomes also TFNs as Zr = (Zg1, Zros Zr3), Zw = (Zw1, Zwe, Zws) and
Zr = (Zr1, Zro, Zr3); where
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N
Znj = | spai(SRE;+ SRL) = cu( PCF; + PCL:) = cyyajyi(H1F; + H1L;)
=1
_Ch2(4—j)i(H2Fi + HQLZ) - {OCF(4_]~)Z- + OCL(4_]')Z'} - (TCFl + TCLZ)
~{ACFu_jyi + ACL_jyi}| - MOC + F.PRC; (4.124)
N
Zw; = W|SRW;=PCWi - HOWq i - OCWs | - FPRCy;  (4.125)
1=1
ZTj = ZR]‘ + ZW]‘ (4126)

These expressions can be used to find TFNs of the profit functions in CS for
7=1,2,3. The same expressions can be used in NCS by taking F' = 0.

4.4.2.6 Rough Model

Another approach of estimation of vague parameters is the use of rough set the-
ory [105]. Some inventory models have already been published following rough esti-
mation of imprecise parameters, like holding cost, ordering cost, etc [69, 126, 150].
In the proposed model, the fractions hy;, ho; in the holding cost functions of the re-
tailer, the constants c,1;, ¢y2; in the minor ordering cost function of the retailer, the
advertisement cost c,;, the fraction h,,; in the holding cost function of the whole-
saler, the constants c,1i, Cwo2; in the ordering cost function of the wholesaler are
assumed as the rough numbers fzu, iLgi, Colis Co2is Cais ﬁwi, Cwolis Cwo2i Tespectively,
for e =1,2,..., N, where ilu = ([h11i>hlZi][hl&‘ahMi])a iLZi = ([h21i:h22i][h23i7h24i])a
Coti = ([Cot1i, Cor2i][Co13is Cor4i]), Cozi = ([Co21i, Coz2i] [Con3is Co24i]), Cai = ([Cats, Cazi][Casis
Ca4i])7 ilwz‘ = ([hwlith%][hw?)ia hw4i])7 Cuwoli = ([Cwoui,cwomi][cwolguCw014i]), Cuwo2i =
([Cwo21is Cwo22i ][ Cwo23is Cwozai])- Hence, the profits in both the scenarios become

rough in nature.

In NCS, the individual profits and the channel profit are represented by

N

Tn = % [spdi(SRFl- + SRL;) - ¢,i(PCF, + PCL;) - én;( H1F, + H1L;)
=1
~Chai(H2F, + H2L;) - (OCF; + OCL;) - (TCF; + TCL;)
~(ACF;+ ACL;)| - MOC (4.127)
N

Zw = Y.|SRW; - PCW;~ HCW;-OCW,] (4.128)
=1

Zy = Zp+Zw (4.129)
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In NCS, since the retailer is the leader and the wholesaler is the follower so the
retailer determines the marketing decision at first. So the mathematical problem

in this scenario is as follows.

To determine N,, My, n;, my, fri, Mpgi, Ni; fore=1,2,..., N
! Jria Mia } (4.130)

Maximize Zr

Depending upon the retailer’s decision, the wholesaler tries to improve his/her

profit. So the problem of the wholesaler mathematically takes the following form:

To determine M;; fori=1,2,.... N
(4.131)

Maximize ZW
In CS, the individual profits and the channel profit are represented by

N

Zn = Y [spdi(SRFi + SRL;) - ¢,i( PCF, + PCL;) - éy:(H1F, + H1L,)
=1
¢

noi(H2F; + H2L;) - (OCF; + OCL;) - (TCF; + TCL;)

~(ACF;+ ACL;)| - MOC + F.PRC (4.132)
N

Zw = Y[SRW;= PCW;~ HCW,; - OCW,| - F.PRC (4.133)
i=1

Zp = Zp+Zw (4.134)

In CS, the retailer and the wholesaler jointly takes the marketing decision to
improve the channel profit as well as individual profit. So in this scenario problem

mathematically takes the following form:

To determine N,, My, n;, m;, fri, Mgai, \i, M;; fore=1,2,.... N

Maximize Z

} (4.135)

For the rough variables, the individual profits and the total profit also becomes
rough numbers as Zp = ([Zr1, Zr2][ZR3, ZRa)), Zy = ([Zw1, Zw2][Zws, Zwa])
and ZT = ([ZTla ZT2][ZT3; ZT4]); Where
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TABLE 4.13: Input data of Crisp model for Example 4.3 and Example 4.6

i T; Yi Cpi Spi hii ha; Coli Co2i Ct1i ct2q Cai Ari Cpwi hawi Cwoli Cwo2i

1| 150 0.5 1.52 3.95 0.05 0.04 7.5  0.024 7 0.05 7 032 | 1.02 0.02 26 0.01

2 | 200 0.30 145 3.77 0.10 0.02 55 0.014 20 0.03 12 035 | 085  0.02 24 0.01

3| 175 0.2 158 411 0.08 0.06 6.1  0.015 7 0.05 10 0.31 | 092  0.02 28 0.01

4 | 240 028 149 3.87 0.05 0.02 6.6 0020 22  0.03 11  0.29 | 0.87  0.02 25 0.01
N

ZRj = Z [Spdi(SRFi + SRLZ) - sz(PCFZ + PCLI) - Chl(m—j)i(Hl-Fi + H].LZ)
i=1
_ChQ(m—j)i(H2E + H2Ll) - {OCF(m—])z + OCL(m_])Z} - (TCE + TCLl)
~{ACF(y_jy + ACL(p_jyi}| - MOC + F.PRC; (4.136)
N

Zw; = W|SRW:=PCWi = HOWy_jy; - OCW jyi| = F.PRCyy  (4137)
i=1

ZTj = ZRj + ZWJ‘ (4138)

These expressions can be used to find rough numbers of the profit functions in
CS for j = 1,2,3,4; where m = 3 for j = 1,2 and m =7 for j = 3,4. The same
expressions can be used in NCS by taking F' = 0.

4.4.3 Numerical Illustration and Discussion

The model is illustrated with a set of hypothetical test data for different en-
vironments (crisp/fuzzy/rough). Two examples are considered to illustrate the
crisp model. The fuzzy and the rough models are discussed using two separate
examples. In this section, the numerical results in different scenarios for different
examples are obtained using MMCABC approach (cf. §2.2.2.4).

Ezample 4.3. (For the crisp model) In this example, 3 items are considered,
i.e., N = 3. The input data for different items (i = 1,2, 3) are presented in the first
three rows of Table 4.13. Other parametric values are: ¢,,, =5, a =0.38, v = 1.8,
H, =20, SA; =90.

In NCS, optimizing retailer’s profit with these data, the best found retailer’s
profit Zg and the corresponding values of the decision variables N,, M;, n;, m;,
friy Muyai, Ai (fori=1,2,..., N) are tabulated in Table 4.14. The obtained values of

the decision variables N,, My, n;, my, fri, Mgai, A; (fori=1,2,..., N) of the retailer
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TABLE 4.14: Results of Crisp model in NCS for Example 4.3

Item () | n; my fri No My mpg; Ai M; ZRr Zw Zr
1 1 2 1 0.974 0.656 2
2 2 1 0 4 2 0.960 0.199 1 1777.50  413.35  2190.86
3 1 1 0 1.000 0.145 4

TABLE 4.15: Values of Zp

and Zyy for different I’ of Crisp model in CS for

Example 4.3
F Zr Zw Zr
0.12 | 1743.62 821.95  2565.57
0.13 | 1788.10  777.47  2565.57
0.14 | 1842.91  722.66  2565.57
0.15 | 1883.50  682.07  2565.57
0.16 | 1932.19  633.38  2565.57
0.17 | 1983.67  581.90  2565.57
0.18 | 2034.59  530.98  2565.57
0.19 | 2079.28  486.29  2565.57
0.20 | 2125.19  440.38  2565.57
0.21 | 2174.97 390.60 2565.57

Bold face indicates the values of profit less than the NCS

are taken to optimize wholesaler’s profit. The profit amount of the wholesaler Zy,
and the corresponding total profit Z; are presented in Table 4.14. According to

the wholesaler’s decision, the values of M; are also presented in Table 4.14.

In CS, a parametric study on F' is done and the results are presented in Table
4.15. From this table, the appropriate range of F' can be obtained. The appropriate
range of F'is (0.13,0.20), because out of this range, the profits of either the retailer
or the wholesaler decreases in the CS than the NCS. So any value of F' outside of
this range is not applicable simultaneously to both the parties (the retailer and the
wholesaler). From Table 4.15, it is found that if F' = 0.12, then the retailer’s profit
in CS (1743.62) decreases than that in the NCS (1777.50). Again, if F' = 0.21,
then the wholesaler’s profit in CS (390.60) is less than that in the NCS (413.35).
Taking F' = 0.17, the total profit of the retailer and the wholesaler is optimized
and the corresponding results are presented in Table 4.16. From this table, it is
clear that for F' = 0.17 the profits of both the parties is far better than the NCS.
Ezample 4.4. (For the fuzzy model) The input values of fuzzy parameters T,
Ry Cotis Cozis Cais Puwis Cwolis Cwodi (for the item ¢ = 1,2, 3) are presented in Table
4.17. All other parametric values are same as in the Example 4.3 for the crisp

model.
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TABLE 4.16: Results of Crisp model in CS for Example 4.3

Item (Z) ng my fri NO Mt Midi )\Z Mz ZR ZW ZT
1 2 2 2 0.744  0.491 2
2 3 1 2 8 2 0.617  0.337 1 1983.67 581.90  2565.57
3 1 1 0.648 0.171 4
TABLE 4.17: Input data of Fuzzy model for Example 4.4
Input Ttem Ttem Item
Variable =1 =2 1=3
v (0.048, 0.050, 0.052)  (0.098, 0.100, 0.102)  (0.078, 0.080, 0.082)
’/;21- (0.038, 0.040, 0.042) (0.018, 0.020, 0.022) (0.058, 0.060, 0.062)
Tt (7.48, 7.50, 7.51) (5.49, 5.50, 5.52) (6.08, 6.10, 6.11)
Zpoi  (0.023,0.024, 0.025)  (0.013, 0.014, 0.015)  (0.014, 0.015, 0.016)
i (6.5, 7, 7.5) (11.5, 12, 12.5) (9.5, 10, 10.5)
Ewi (0.018, 0.020, 0.022) (0.018, 0.020, 0.022) (0.018, 0.020, 0.022)
Zwoli (25.5, 26, 26.5) (23.5, 24, 24.5) (27.5, 28, 28.5)
Twozi  (0.009, 0.010, 0.011)  (0.009, 0.010, 0.011)  (0.009, 0.010, 0.011)
TABLE 4.18: Results of Fuzzy model in NCS
Item (Z) ng mg fri No M MEdi i M; Profit Values
1 1 2 1 0.974 0.404 | 2 | Zg=(1755.01, 1776.62, 1798.28)
2 2 1 0 4 2 0970 019 | 1 Zw =(390.97, 400.20, 409.43)
3 1 2 0 1.000  0.400 4 ZT =(2145.98, 2176.82, 2207.71)
TABLE 4.19: Results of Fuzzy model in CS
Item () | n; m; fri No My mpg; Ai M; Profit Values
1 2 2 2 0.744 0.495 | 2 | Zg =(1901.96, 1985.41, 2068.95)
2 3 1 2 8 2 0.618 0.336 1 ZW =(556.50, 580.20, 603.90)
3 1 1 1 0.654 0.169 4 ZT =(2458.46, 2565.61, 2672.86)

With similar explanations as in the crisp model, the results in the NCS and
CS of the fuzzy model are obtained for the above set of parametric values and are
presented in Table 4.18 and Table 4.19 respectively. In this model also same trend

of results is obtained as in the crisp model.

Ezample 4.5. (For the rough model) The input values of rough parameters i,
Rioi, Cotis Cozis Cais My Coolis Cwodi (for the item ¢ = 1,2, 3) are presented in Table
4.20. All other parametric values are same as in the Example 4.3 for the crisp

model.

With similar explanations as in the crisp model, the results in the NCS and CS
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TABLE 4.20: Input data of Rough model for Example 4.5

Input Ttem Item Ttem
Variable i=1 =2 1=3
his ([0.049,0.051][0.048,0.052])  ([0.099,0.101]{0.098,0.102])  ([0.079,0.081][0.078,0.082])
ha; ([0.039,0.041][0.038,0.042])  ([0.019,0.021]]0.018,0.022])  ([0.059,0.061][0.058,0.062])
Coli ([7.49,7.51][7.48,7.52]) ([5.49,5.51][5.48,5.52]) (16.09,6.11]6.08,6.12])
Co2i ([0.023,0.025][0.022,0.026])  ([0.013,0.015]{0.012,0.016])  ([0.014,0.016][0.013,0.017])
Cai (]6.5,7.5](6,8]) ([11.5,12.5](11,13]) ([9-5,10.5][9,11])
Pwi (]0.019,0.021][0.018,0.022])  (]0.019,0.021][0.018,0.022])  (]0.019,0.021][0.018,0.022])
Cwoli ([25.5,26.5]]25,27]) ([23.5,24.5]]23,25]) ([27.5,28.5]]27,29])
Cwo2i ([0.009,0.011]0.008,0.012])  ([0.009,0.011]{0.008,0.012])  ([0.009,0.011][0.008,0.012])

TABLE 4.21: Results of Rough model in NCS

Item () | ni m;y fri No My Mmpg; i M; Profit Values

1 12 1 0.974 0.333 | 2 | Zg=([1758.14, 1791.28][1741.57, 1807.84])
2 2 1 0 4 2 0958 0200 | 1 Zw =(]409.20, 422.00][402.79, 428.41])
3 1 2 0 1.000  0.467 | 4 | Zp =([2167.34, 2213.28][2144.36, 2236.25])

TABLE 4.22: Results of Rough model in CS

Ttem (l) ;i m; fri No My Mkdi i M; Profit Values

1 2 2 2 0.744 0494 | 2 | Zg =([1912.29, 2057.26][1839.81, 2129.74])
2 3 1 2 8 2 0619 0335 1 Zw =([561.54, 600.20][542.21, 619.53])
3 11 1 0.648 0.171 | 4 | Zp =([2473.83, 2657.45][2382.02, 2749.27])

of the rough model are obtained for the above set of parametric values and are
presented in Table 4.21 and Table 4.22 respectively. In this model also same trend

of results is obtained as in the crisp model.

Ezample 4.6. (For the crisp model) In this example, 4 items are considered.
The input data for first 3 items are same as in Example 4.3 and the input data for
fourth item (i.e., ¢ = 4) are presented in Table 4.13. All other parametric values

are also same as in Example 4.3.

The results for this Example 4.6 in NCS and CS of the crisp model are presented
in Table 4.35 and Table 4.36 respectively. In this example also, same trend of

results is obtained as found in the Example 4.3 for the crisp model.

In the results of different examples in NCS it is observed that for some items
myqg; = 1 and for some items f,; = 0. So, when the retailer is the decision maker
and the wholesaler is the follower, then some promotional effort for some items

may not be beneficial for the retailer. From all the above illustration, it is clear
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TABLE 4.23: Results of Crisp model in NCS for Example 4.6
Item (Z) g my fri NO Mt Midi )\Z Mz ZR ZW ZT
1 11 1 0.994 0229 | 2
2 2 1 0 4 2 0.958 0.150 1 2714.00 735.70  3449.71
3 1 1 0 1.000 0.090 4
4 2 2 1 0.981 0531 | 1
TABLE 4.24: Results of Crisp model in CS for Example 4.6
Item (Z) T my fT‘i No Mt Mikdi >\1 Ml ZR ZW ZT
1 2 1 2 0.729  0.084 3
2 4 1 1 11 2 0630 0150 | 1 | 309210 1020.41 4112.51
3 2 1 1 0.668  0.088 3
4 4 2 3 0.607  0.677 1

that the frequencies of advertisement of different

items are positive in CS, i.e.,

the promotional effort using advertisement is beneficial for both the parties when

joint decision is made. Also mark-up of selling price is less than 1, for all the

items in CS. So, the price discount policy is also beneficial for the supply chain,

when the joint decision is made using the promotional cost sharing. Moreover, it

is also established that the promotional cost sharing is beneficial for all the parties

involved in the chain as all of them can take part in the marketing decision. For

some items, it is observed that n; > 1, m; > 1. So, BP policy is beneficial for the

retailer in CS as well as in NCS.
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4.5 Model 4.4: A Multi-item Supply Chain with
Multi-level Trade Credit Policy Under Infla-
tion: A Mixed-mode ABC Approach

4.5.1 Assumptions and Notations

The following assumptions and notations are used for mathematical formulation

of the model.
(i) Inventory system involves N items.
(ii) H is the finite planning horizon.
(iii) K orders are done by the retailer during the planning horizon H.

(iv) T, is the basic time interval between two consecutive orders of the retailer,
ie, T,=H|K.

(v) L; is the cycle length of the retailer for i-th item, i.e., L; = n;T,; where, n; is

the number of integer multiple of 7,,.

(vi) Total number of retailer-cycle for the i-th item

H
[—], if H is an integer multiple of L;
H
[Z] + 1, otherwise
where, [x] represents integral part of x.

(vii) Ll; is the last cycle length of the retailer for the i-th item, ie., Ll; = H -
(N; -1)L;.

(viil) g;;(¢) is the retailer’s inventory level for the i-th item in j-th retailer-cycle

at any time ¢.
(ix) Qyj is the retailer’s order quantity for the i-th item in j-th cycle.

(x) @; is the total order quantity of the retailer for i-th item for the planning

horizon H.
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(xi)

(xii)
(xiii)

(xiv)

(xv)

(xvi)

(xvii)

(xviii)

(xix)

(xxi)

(xxii)

(xxiii)

(Qg; is the discounted order quantity level, i.e., the order level below which

no credit opportunity is allowed to the retailer.
fri is the frequency of advertisement of the i-th item per unit time.
R =d-1I, where d is the discount rate and I is the inflation rate.

cpie"U™DEL s the present value of unit purchase cost of the retailer for i-th

item in j-th cycle.

spie"U~DELi js the present value of the normal selling price (maximum retail

price (MRP)) of the retailer for i-th item in j-th cycle per unit item.

spaie~U~DELi s the present value of the discounted selling price of the retailer
for ¢-th item in j-th cycle per unit item; where, s,4; is a mark-up myg; of s,

L€., Spdi = MkdiSpi-

coie"U~DEL: ig the present value of ordering cost of the retailer for i-th item

in j-th cycle.

caie”U"DERLi g the present value of advertisement cost of the retailer per

advertisement for ¢-th item in j-th cycle.

cpie” U DELi i5 the present value of unit holding cost of the retailer for i-th

item in j-th cycle; where, c¢p; is a mark-up my; of ¢, i.e., cpi = MpiCpi.

tg is the credit period offered by the supplier to the wholesaler for each

wholesaler-cycle.

tw is the credit period offered by the wholesaler to the retailer for each

retailer-cycle.

tg is the credit period offered by the retailer to the customers for each retailer-

cycle.

The supplier offers a partial trade credit period tg to the wholesaler on ag-
fraction of the total purchase amount, i.e., the wholesaler has to pay the
(1 - ag)-fraction of the total purchase amount. «ag is a positive real number

between 0 and 1.
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(xxiv)

(xxv)

(xxvi)
(xxvii)

(xxviii)

(xxix)

The wholesaler offers a partial trade credit period ty, to the retailer on ayy-
fraction of the total purchase amount, i.e., the retailer has to pay the (1-ay)-
fraction of the total purchase amount. ayy is a positive real number between
0 and 1.

The retailer also offers a partial trade credit period tz to the customers on
ag-fraction of the total purchase amount, i.e., the customer has to pay the
(1 - ag)-fraction of the total purchase amount. ap is a positive real number

between 0 and 1.
I, is the rate of interest paid to the bank.
1. is the rate of interest earned from the bank.

Demand of the i-th item in j-th retailer cycle D;; is considered of the form:

(1 + fm‘)’yl

{spaie-G-DEL: S

Di;(t) = [ai(1+1tR)™ - bit] = A; - Bit

where, A; = ng(];—r_il);;wai(l-f't]%)’yz, B; = %bz and Spa; = My Spi-
The demand depends on frequency of advertisement, trade credit period
offered by the retailer, selling price of the retailer. Demand of the item
decreases with time due to the obsolescence /new-arrivals etc. The arbitrary

constants a;, b;, 71, Y2, 0 are so chosen to best fit the demand function.

For the i-th item, M, retailer cycles are completed during one wholesaler
cycle.
N;

(xxx) p; = [M] If M; divides N; (i.e., M;|N;), then the wholesaler have p; complete

(xxxi)

(xxxii)

(xxxiii)

cycles for the i-th item. Otherwise, there are My; = N; — p; M; retailer cycles
in (p; + 1)-th wholesaler cycle.

Cpwi€~ F"DMiLiE i the present value of the unit purchase cost of the wholesaler

for the i-th item in the k-th wholesaler cycle.

Cowi€™ (F"DMiLil s the present value of the ordering cost of the wholesaler for

the i-th item in the k-th wholesaler cycle.

Chwie”F"DMiLil ig the present value of the unit holding cost of the wholesaler
for the i-th item in the k-th wholesaler cycle; where, ¢, is a mark-up mp.;

of Cpwis 1-€.; Chawi = MhwiCpuwi-
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4.5.2 Mathematical Formulation of the Model
4.5.2.1 Retailer’s Profit

The joint replenishment of the items is made by the retailer using a BP policy.
Under this policy, the retailer orders different items regularly at a fixed time
interval, T, called BP. At the time of order, only those items are included in the
order whose inventory level reaches reorder level. So, the cycle length of each item
is an integer multiple of T,,. For ¢-th item, it is assumed that cycle length L; is
an integer multiple n; of T,, i.e., L; = n;T,. Here, it is assumed that the supplier
offers a partial trade credit period tg in payment to the wholesaler on ag-fraction
of the total purchase amount, i.e., the wholesaler has to pays off (1 — ag)-fraction
of the total purchase amount at the time of purchase of the item. Similarly, the
wholesaler also offers partial trade credit period ty (< tg) to the retailer on ayy-
fraction of the total purchase amount. Due to this facility, the retailer also offers
partial trade credit period tgr (< ty) to the customers on ag-fraction of the total

purchase amount.

Inventory level of the retailer of i-th item in j-th cycle (j =1,2,...,N;—1):
Instantaneous state ¢;;(t) of the i-th item in j-th retailer-cycle is given by
dq;;(t

with boundary conditions ¢;;((j - 1)L;) = Q;; and ¢;;(jL;) = 0.
Solving (4.139), the inventory level ¢;;(t) can be found as follows:

. B;
a:i(t) = AGLi-t) -5 (L7 - 1) (4.140)
and the retailer’s order quantity for i-th item in j-th retailer cycle is given by

B; L2

Purchase cost: In the first (N; — 1) retailer cycles, the purchase cost of the

retailer for ¢-th item is given by

B;L?

N;-1 )
PCZ = Z Cm'e_(]_l)RLiQij = szl(AlLZ + )Sl —BJ)?S;l (4142)
j=1
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N;-1 1 — e-(Ni-1)RL;

where, 51 = Z e"U-DRLi - (=

1 — e-(Ni-1RL; N, -1
€ ( ) o~ (Ni-1)RL;

j=1
& Geee
S, = io—(J-1)RL; _ _
: g; /e (1-e i)z (1-efil)

Sell revenue: In the first (IV; — 1) retailer cycles, the sell revenue of the retailer

for ¢-th item is given by

2

N;-1 ) BZL
SRz = Z Spdie_(J_l)RLiQij = Spdi (Asz + 5 : )Sl - BlLZQSQ (4143)
j=1

Ordering cost: In the first (V; — 1) retailer cycles, the ordering cost is given by
Ni-1 ‘
OCl = Z Coiei(jil)RLi = cm-Sl (4144)
j=1

Advertisement cost: In the first (IV; — 1) retailer cycles, the advertisement cost

is given by
N;-1 .
AC; = Z Caie_(]_l)RLifriLi = CaifriLiSh (4'145)
j=1

Holding cost: Holding cost of the retailer for i-th item in j-th retailer cycle is

given by

JLi

HC, = f e GDRL (1) g

J Go1)Ls Chi€ i (t)

A;L? B,L?

—t - L(37-1 4.146
B (4.140

- Chie—(j—l)RLi[

Therefore, the total holding cost of the retailer in first (IV; — 1) retailer cycles is
given by

AL2 BB B, L?
Ly S, - 252] (4.147)

N;-1
HCZ = j; HCZ] = Chil( 5 6 9

Interest earned and paid: If the retailer orders minimum quantity of products
(discounted order quantity) for i-th item Qg;, then he/she is eligible for credit
opportunity from the wholesaler. So, depending upon the retailer’s order quantity,

the following two cases arise:

o Case-1: Q;; < Qu;
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o Case-2: Qi > Qu;

Case-1: Q;; < Qu;

Since, the retailer’s order quantity for i-th item in j-th cycle (Q;;) is less than
Qai, he/she is not eligible for any credit opportunity, whereas the retailer offers a
credit period ti to the customers on ag-fraction on the total purchase amount.

Total interest earned for i-th item in j-th cycle is
Total interest paid for ¢-th item in j-th cycle is

TIP, = I,(IP, +IP,) (4.148)

where, /P, = Interest to be paid due to the stock units during [(j - 1)L;,jL;]
JLs
- e~ U-DRLi o ()t
./(;—1)Li Cpi€ qi;(1)
4 L?
= cpie_(J_l)RLi#l?)Ai - B;L;(3j - 1)] (4.149)

IP, = Interest to be paid due to the customers’ credit opportunity for the sold
units during [(j - 1)L, jL;]

JLi )
= L—l)b Cpiei(jil)RLiOéRDij (t)tht
B;L?

2

= cpie‘(j‘l)RLiaRtR[AiLi - (25 -1) (4.150)
Case-2: Q;; > Qui

The retailer obtain a grace period ty, from the wholesaler on ayy-fraction of the
total purchase amount and offers a credit period tg to the customers on o z-fraction
of the total purchase amount. According to the assumption, the retailer has to
pay (1 — ay )-fraction of the total purchase amount at the receiving time of the
units of the item using a bank loan (for i-th item and j-th retailer cycle) called as
Initial Bank Loan (IBL), which is given by

IBL = (1 - aw)cye U DEREQ,, (4.151)

To repay the IBL, here it is assumed that the retailer pays off the purchase cost



236 CHAPTER 4. MULTLITEM SUPPLY CHAIN MANAGEMENT MODELS

of the sold units immediately to the bank. The rest portion of the selling price is
used to meet the other regular expenditures, like, holding cost, ordering cost etc.,
to run the business. Let R; and R, are the collected revenues for the sold units
during the time period [(j - 1)L;,(j = 1)L; + tg] and [(j — 1)L;, (j — 1) L; + tw]

respectively; where,

(G- Li+tr )
R = f( cpie”UDRL(1 — ap) Dy (1) dt

J-1)L;

Cpie_(j_l)RLi(l - QR)[Ai - Bz(j - 1)Lz - ?tR (4152)

(G-1)Li+t )
R, = f( " e GORL(L 0 ) Dy (t)dt

J-1)L;

(J-DLi+tw-tr .
+ f Cpie_(]_l)RLiOzRDij(t)dt
(-DL;

< , . B;
= Cpief(.jfl)RLz l{Al - BZ(] - 1)Ll}(tW - @RtR) - 7{1512/1/ + C(R(—2tth + t%)}‘l

(4.153)

According to the values of Ry, Ry and I BL, the following three cases may arise:
e Case-2.1: IBL< R,
e Case-2.2: Ri{<IBL<R,
o Case-2.3: IBL > R,

Case-2.1: IBL< R,
In this situation, the IBL of the retailer should be made before the time tz. Let
T7 be the time at which the IBL should be made and is given by

(J-1)L;+T1 )
'/(;_I)L. cpie_(J—l)RLi(l _ QR)DZJ(t)dt _ IBL

‘ B;
ie,  cpue UDRL(] - aR)lAiTl - Bi(j - 1)L;Ty - 7Tl2 =IBL
i.e., BZT12 - 2g1T1 +go = 0 (4154)
2x IBL

where, g1 = A; - B;(j-1)L; and g, =

cpie"U~DEL(1 - o)

+ Q—Bi
T, = NIV P (4.155)

B;

ie.,
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Now, the total interest earned for the i-th item in the j-th retailer cycle is

T]Ew = [e(]El + IEQ) (4156)

where, [F; = Interest earned due to customers’ instant payment for the sold
units during [(j - 1)L; + T1, (7 — 1) L; + tw]
(G-1)Li+tw )
= e UDEL (] — YDy ()] (5 = 1)Ly + ty — t pdt
o e M ) Dy (O] (= ) L+t =1}
= e UDRLi(] aR)lAi{(j =D)L+ tw f(tw = T)
1 _ . 2 : 2
Bi . 3 . 3
+Z{(G - DL tw)’ = (G- DL+ T (4.157)
IE5; = Interest earned due to the customers’ repayment for the sold units during

[(J=D)Li, (j - 1) Li + tw — tg]
(=) Li+tw~t )
= f( e cpie_(]_l)RLiaRDij(t){(j - 1)L1 + tW - tR - t}dt

J=1)L;
. cpiewRLiaR[A@-{(j )Lttt — )
—%{Ai ¢ Bi(( - DL+ tw ~t) (G = DL+ tw ~ t0)? - (G- DL)?)
B0 w02 (4.158)

Now, the total interest to be paid for the i-th item in the j-th retailer cycle is

T]Pij:[p([P1+[P2+[P3+[p4) (4159)

where, P, = Interest to be paid due to the IBL
(-1)Li+Ty t )
- f [IBL— f ¢ppe”UmDRL(] —aR)Dij(g)déldt
£=(G-1)L:

(G- Li

| B,
= IBLxT, - cye U DRE(] - aR)[(j ~DL{ 5 - DL~ AT,

(G- DL D) - (G- DL

G- DLy - (G- 1>Li>3}] (4.160)
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1P

1P,

1P,

Interest to be paid due to the customers’ credit opportunity for the sold
units during [(j - 1)L; + tw —tg, (j — 1) L; + tw]

(G-DLi+tw ,
l Cpie_(]_l)RLiOéRDij(t)(t +ip— tw)dt

J=1)Li+tw—tr

Cpie_(j_l)RLi@R[Ai(tR - tw)tR

+5{ A= Bt tw) (G - DL+ tw)? = (G- D) i - 1)?)

(G- D)Lk ) = (G- D+t —tR)3}] (4.161)

Interest to be paid due to the customers’ credit period for the sold units
during [(j - 1)L + tw, j Li]

JL; )
f( Cpie_(]_l)RLi(l/RDij(t)tht

J-1)Li+tw

cpie(jl)RLiaRtR[Ai(Li —tw) - %{(jLi)z -((j-1)L; + tW)Q}] (4.162)

Interest to be paid due to the stock units during [(j —1)L; + tw, 7 L;]

JL; .
f( cpie” UL (4)dt

J=1)Li+tw
-(j-D)RL;| B; . A . 2 . 2
e OV LA = L) (L= tw) = SH{GL)? = (G = DL+ twr)?)

+%q0hf—ﬂfﬂﬂmmWV” (4163)

Case-2.2: Ry <IBL<R,
In this situation, the IBL of the retailer should be made after the time ¢tz and
before the time ty,. Let T} be the time at which the IBL should be made and is
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given by
(-1 Li+Ty .
f(j UL ag) Dy (1)

(-1 Li+Ti-tr )
+ '/( Cpie_(J_l)RLiOzRDij(t)dt =IBL

J=1)L;

i.e., Cpiei(Jil)RLi(l - OéR)[Ale - Bz(] - 1)L1T1 — EZTE‘l

+cpie_(j_1)RLioleAi(T1 —tg) = Bi(j - 1) Li(Ty - tg) - %(T1 - tR)zl =IBL
ie., BT -2¢:T1 + g2 =0 (4.164)

where, g1 = A; — B;(j —1)L; + B;agtr

and g, = 2(1 - aw)Qy; + artr{24; - 2Bi(j - 1) Li + Bitn}

+ Z—BZ’
T, = LEVIL T P (4.165)

B;

ie.,
Now, the total interest earned for the i-th item in the j-th retailer cycle is

TIE;; =1.(IE, + 1E5) (4.166)
where, I E is given by (4.157).

and [Fs

Interest earned due to the customers’ repayment for the sold units

during [(] — 1)Lz + T1 - tR, (] — ].)Lz + tW — tR]
(J-DLi+tw-tr .
= e U DRLig oD ()4 (= 1)L + tyy —tr —tbdt
—/(j—l)Li+T1—tR i€ AR ]( ){(] ) Tiw R }
= cpie(jI)RLi@R[Ai{(j—l)Li+tW—tR}(tW—Tl)
1 ) .
_§{Az+Bz((j_1)Lz+tW_tR)}{((]_1)Lz+tW_tR)2
~((G =D)L+ Ti - tr)*}

Biy,, . ,
+§{((y — D) Li+tw —tr)* = ((j - 1) Li+ T - tR)?’}] (4.167)
Now, the total interest to be paid for the i-th item in the j-th retailer cycle is

TIP;=1,(IP, +IPy+1Ps+IP;) (4.168)
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where, I P, = Interest to be paid due to the IBL
(jfl)LithR t .
- f [IBL— [ cpie~GDRL(1 — ) D, (€)de |dt
( ¢=(j-1)Li

J-1)L;
(J-1)L;+T1 t DAL
+ IBL-Ri- | e GDRL(] _ 0V, (€)d
];j—l)Li+tR [ 1 ﬁz(j—l)LﬁtR Cpe ( OéR) ‘7(5) g
t—t '
_[ R Cpie(Jl)RLiaRDij(f)dE]dt (4.169)
&=(G-1L;

, B,
= [IBL x T1 - Rl(Tl - tR) - Cpie_(J_l)RLiaRgltR(Tl - tR)Z

; . . B;, .
—Cpiei(jil)RLz(l - OéR)l(j - 1)thR{7(] - 1)Lz - Az}

A

+7{((j 1) Li+tr)*~((J - 1)Li)2} - %

(G-t -G -0y
e 0 (G D ) (- ) S - DL ) - 4
G- DL Ty = (G- DL )
G- DL - (G- DL +tR)3}] (4.170)
[Py, IPs, [P, are same as in Case-2.1.
Case-2.3: IBL > Ry

In this situation, the IBL of the retailer should be made after the time ty,. Let T}
be the time at which the IBL should be made and is given by

(j—l)Li-i-Tl .
L_l)L- Cpie_(]_l)RLi(]_ - OéR)DU(t)dt

(-1 Li+tw~tr .
¥ f( ) ¢pie”UDBL D (1) dt = [BL (4.171)
J-1)L;

But T} is need not be calculated in this case, since T is greater than ty,, so all the
dues must be paid by the retailer at ty,. No interest will be earn in this situation,

ie.,
The total interest to be paid for i-th item in j-th retailer cycle is

TIP, = I,(IP, +IPy+IP;+IP;) (4.173)
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where, /P, = Interest to be paid due to IBL upto ty
(jfl)LithR t .
f [IBL - [ cpie~GDRL (1~ ) Dy (€)de |dt
G ¢=(j-1)Li

J=1)L;

(J-1)L;+tw t .
+ f [IBL - Ry - f cpie” U DEE(1 — ag) Dy (€)dE
3

(j—l)Li+tR :(j—l)Li+tR
t-tr .
- f ey U DR e DL () de |dt
§=(-1)L:
-(j-1)RL; B; 2
= ]BLXtW—Rl(tW—tR)—CpiG J ’(IR?tR(tW—tR)

; . . B;, .
—Cpiei(jil)RLz(l - OéR)l(j - 1)thR{7(] - 1)Lz - Az}

A

+7{((j 1) Li+tr)* = ((J - 1)Li)2} - %

(G- DL - nLy)]
e D (G ) )t ) {5 DL+ 00) - )

G- DL ) = (G- DL+ )}

G- DL - (G- D )] (4174

1P, IP;, [P, are same as in Case-2.1.

Inventory level of the retailer of i-th item in last cycle (j = V;):

The last cycle length of the retailer is calculated as follows.
Ll; = H-(N;-1)L; (4.175)
Instantaneous state g;n,(t) of the i-th item in the last retailer-cycle is given by
dgin (1) _

S = =D (1), for (Ni-1)List< H (4.176)

with boundary conditions ¢;n,((NV; — 1)L;) = Q;n, and g;n,(H) = 0.
Solving (4.176), the inventory level ¢;n,(t) can be found as follows:

qin, (1) = Ai(H—t)—%([F—t?) (4.177)
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and the retailer’s order quantity for the i-th item in the last retailer cycle is given
by

Qin, = AiLlLi- %{m —-(N; - 1)2L%} (4.178)

Purchase cost: In the last retailer cycle, the purchase cost of the retailer for the

i-th item is given by
PCL; = cye”MNimDELiQ, (4.179)

Sell revenue: In the last retailer cycle, the sell revenue of the retailer for the i-th

item is given by
SRL; = spge NDELQ, (4.180)
Ordering cost: In the last retailer cycle, the ordering cost is given by
OCL; = cueNitDEL: (4.181)

Advertisement cost: In the last retailer cycle, the advertisement cost is given
by

ACL; = cyueWNirDERLif ], (4.182)

Holding cost: Holding cost of the retailer for the ¢-th item in the last retailer

cycle is given by

H
HCLZ = HCZNZ = / Chie_(Ni_l)RLiqiNi (t)dt
(N;-1)L;
B; A;
- o~ (Ni-1)RL; o IV EH?2 (NS = 1)2]2
Chie [H(A, . H)L . {12 - (N -1)*L2}
B;
+€{H3 —(N; - 1)%?}] (4.183)

Interest earned and paid: The expressions of the interest earned and the inter-
est paid for the last retailer cycle are almost same as the previous section. Only

changed expressions (where, j = N;) are given as follows:
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In Case-1, I P, and [P, are given by the following expressions.

IP, = Interest to be paid due to the stock units during [(j —1)L;, H]
H
- o~(G-DRL; .
= Cpi€ g (t)dt
S )
A B: A
- o~ (G-1RL; Lt ot 2_((5— )2
Cpie [H(A, . H) L, . ({2 = (G- 1)L:)%}
+E{H3-((j-1)L-)3} (4.184)
6 ' '
IP, = Interest to be paid due to the customers’ credit period for the sold units

during [(j = 1)Ls, H]
H .
ﬁ cpie_(]_l)RLiozRDij(t)tht

J-L;

- cpie_(j_l)RLiaRtR[AiLli - %{H2 (G- 1)Li)2}] (4.185)

In Case-2.1, I P; and I P, are given by the following expressions.

IP; = Interest to be paid due to the customers’ credit period for the sold units
during [(j—1)L; +tw, H]
H
= i ~(G-DRL; l)Z t)tpdt
—/(;—1)Li+tW Cpi€ arDij(t)tr
-(j-1D)RL; Bi 2 . 2
= cpe antr| Ai(Ll - tw) = S{H? = (G- DL+ tw)’} | (4.186)
IP, = Interest to be paid due to the stock units during [(j - 1)L; + tw, H]

H .
[ Cpie_(]_l)RLiqij(t)dt

(J-D)Li+tw

cpie‘(j‘l)RLilH(Ai - %H)(in —tw) - %{H? (= D)Li+tw)?}

+&{H3—((j—1)Li+tW)3}] (4.187)

6
In Case-2.2 and Case-2.3, the expressions for I P; and [P, are given by the equa-
tions (4.186) and (4.187) respectively. Remaining all the expressions can be found
from the previous section by putting j = N;.
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4.5.2.2 Wholesaler’s Profit for the i-th item

If M;|N; (M; divides N;), then there are p; full cycles in wholesaler’s inventory

period. Otherwise, there are My;(= N; — p; M;) retailer cycles in (p; + 1)-th whole-

saler cycle with p; full cycles, where p; = [ ]\]\Z] and [z] represents integral part of

x.

The total order quantity of the i-th item for the wholesaler is
N;
TQW; = > Qi (4.188)
j=1
The order quantity of the wholesaler for the i-th item in the k-th cycle is given by

QWi = Qige-1)ai+1y + Qig(k-1)nsp42) + - + Qigreryy (4.189)

The order quantity of the wholesaler for the i-th item in the last cycle is given by

If Mi|N;, QW) = Qigmi—tyntgany + Qifrs-tynggazy + oo + Qigpoaryy  (4.190)
If Mi 4+ Ni, QWi 1y = Qigportinny + Qigpinirzy + o + Qigpatenryy (4.191)

Purchase cost: The purchase cost of the wholesaler for the i-th item is

pi
Z prie_(k_l)MiLiRQW/ik, if M;|N;
PCW, =1 = (4.192)

—(k-1)M;L; R -piM;L; R l :
Y cpuwie”* Y QWig + cpuie P QW 1y, it Mi + N;
k=1

Sell revenue: The sell revenue of the wholesaler for the i-th item is
N, '
SRW; = Y cpe U DELQ,, (4.193)
j=1
Ordering cost: The ordering cost of the wholesaler for the i-th item is

Di
Z Cowie_(k_l)MiLiR, lf M1|Nl
OCW; =4 *, (4.194)

> Cowie” FTOMLE E M 4 N;
k=1
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Holding cost: The holding amount of the wholesaler for the i-th item in the k-th

cycle is given by

HWy, = kf: Qij[jLi —{(k-1)M; + 1}Li] (4.195)

j=(k—1)Mi+1

The holding amount of the wholesaler for the i-th item in the last cycle is given
by

piM;
If M|N;, HW, = ) Qij[jLi —{(pi - 1)M; + 1}Li]7 (4.196)
J=(pi-1)M;+1
piMi+My;
I Myt N HWy =3 1Qij[jL,~—{piMi+1}Li], (4.197)
J=pilli+

Hence, the total holding cost of the wholesaler is

Pi
>, Chuwie” DML VW, CAE MG,

HCW, =] i (4.198)
> Chuie” FDMLR Y, ChwieipiMiLiRHWil(pﬁl)’ if M; + N;
k=1

Interest earned and paid: Supplier offers a delay period tg to the wholesaler
for ag-fraction of the total purchase amount, i.e., the wholesaler has to pay the
(1-ag)-fraction of the total purchase amount at the time of receiving of the items
immediately. To pay this amount, the wholesaler takes an initial bank loan (for

i-th item and k-th wholesaler cycle) which is given by
IBLy = (1-ags)QWy (4.199)
Let [tL—S] =n.

Again, let Qqk-1)m,+1y + Qifk-1)Mi+2) + - + Qif(k-1)M;+m} < IBLwy
and Qi{(k—1)Mi+1} + Qi{(k—1)Mi+2} +...+ Qi{(k—l)Mi+m+1} > IBLy

Then IBL will be made at m-th or (m + 1)-th retailer cycle of k-th wholesaler
cycle. Remaining amount (Q.) of IBL after the payment during the m-th retailer
cycle of k-th wholesaler cycle is given by

Q. = IBLwy - [Qi{(k—l)Mﬁl} + Qif(h-1)My+2) + oo F Qi{(kq)Mﬁm}] (4.200)
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According to the values of @)., the following four cases may arise:

Condition IBLy, will be made at time
Case-1: Q.=0 {(k-1)M;+m-1}L; +tw
Case-2: 0< Qe < (1= aw)Qif(k-1)M+m+1} {(k-1)M; +m}L;
Case-3: Qe = (1-aw)Qif(k-1)M+m+1} {(k=1)M; + m}L;
Case-4: Qe > (1 = aw)Qig(k-1) My +m1} {(k=1)M; +m}L; +ty

Case-1: (). =0
In this case, IBL of the wholesaler due to instant payment to the supplier will be
made at time {(k—1)M; +m —1}L; + tw, i.e., after time (m —1)L; + ty from the

starting point of k-th wholesaler cycle.

Interest to be paid by the wholesaler and the interest earned by the wholesaler

are as follows.

I1PW
IEW

]pcpwie_(k—l)MiLiR(Ipwl " IPWQ) <4201>
Lcppie” FOMLR([EW, + [EW,) (4.202)

where, [ PWy, IPW5, [EW, and I EW, are given by the expressions in the follow-
ing subcases.
Case-1.1: nL; +ty <tg

Case-1.1.1: m-1<n

Q1 = QWi - (Qi{(k—l)Mﬁl} + Qif(k-1)Mi+2) + oo F Qi{(k—l)MﬁrHl}) (4.203)

is the rest amount after the payment of the wholesaler to the supplier during

(n + 1)-th retailer cycle of the k-th wholesaler cycle.

IPW;

Interest to be paid due to the IBL

= [IBLW -(1- aW)Qz’{(k—l)Mi+1}:|tW + [IBLW - Qi{(kfl)MiJrl}](Li -tw)
+[[BLW = Qif(k-1)mpe1y — (1= OéW)Qi{(k‘—l)MﬁQ}]tW

+[IBLW = Qif(k-1)M+1) — Qi{(k—l)MﬁQ}](Li —tw) + ...

+[IBLW = Qittk-1)M;+1) — Qig(k-1)Mi42) = - = Qif(k=1) M, +m-1}

-(1- OéW)Qz{(kA)Mﬁm}]tw
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— IBL{(m-1)L; + tw)
-(1- CVW)[Qi{(k—l)Mﬁl} + Qif(h-1)My42} + - Qz‘{(k—l)Mi+m}:|tW

—[(m = DQigh-1yas+1y + (M = 2)Qigh-1yn;42y + - + 1-Qi{(k—1)Mi+m—1}]Li

1 PW, Interest to be paid due to the stock units during

[(k-1)M;L; +ts, kM;L;]
= Qi{(n+1)L; —ts} + [Q1 -(1- O‘W)Qi{(k—l)Mﬁm—Z}:ItW
+ :Ql - Qi{(k—l)Mi+n+2}:|(Li —tw)
+ :Q1 = Qif(k-1)M+n+2y — (1= aW)Qi{(k—l)M,-+n+3}:|tW

| @1~ Qif(h-1)M;4n42) Qi{(k—l)Mi+n+3}:|(Li —tw) + ...

Q1 = Qig(k-1)Myans2) =+ = Qif(k-1) M+ -1} ~ (1- aW)Qi{(k—l)MﬁMi}]tW

= Ql[(Mi -1)L; +tw - ts]
_[(Mz =1 =2)Qig(k-1)My+n+2y + (M =1 = 3)Qif(k-1)Mysn+3} + - + 1-Qi{kMi—1}:|Li
-(1- O‘W)[Qi{(k—l)Mi+n+2} + Qi (k-1)Mi+n+3} + -0 F Qi{(kz—l)MﬁMi}]tW (4.204)
Wholesaler will earn interest, if m — 1 < n and it should be zero, if m -1 =
n. The wholesaler’s IBL will be made at time {(k—-1)M; + m — 1} L; + ty, i.e.,

(k=1)M;L;+(m-1)L;+ty . Thus, the wholesaler will earn interest on the payments
of the retailer during the time [{(k-1)M; + m}L;, (k- 1) M;L; + ts].

IEW,

Interest earned due to the instant payment of the retailer for the sold
units during [{(k-1)M; + m}L;, (k- 1)M;L; + ts]
= (1- aW)[Qi{(k—l)Mﬁmﬁ-l}(tS —mL;) + Qif(k-1)My4m+23 {ts — (m + 1) L;}

+... + Qi{(k—l)MﬁnH}(tS — nLZ)] (4205)
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TEW,

Interest earned due to the repayment of the retailer for the sold units
during [{(k-1)M; + m}L;, (k- 1)M;L; + ts]

= aW[Qi{(k—l)Mi+m+l}(tS -mL; —tw)

+Qif(e-1)Mi+me2y {ts — (M + 1) Ly — ty }

oo+ Qig(htyMemeny (ts =L - tW)] (4.206)

Case-1.1.2: m—-1>n

The wholesaler will repay the IBL after the time (k—1)M;L;+ts. At this time, the
wholesaler has to pay the credit amount offered by the supplier. So, the wholesaler
must take another loan to repay the credit amount. Also, there is no opportunity

for earning interest in this situation.

1 PW; = Interest to be paid due to the IBL up to tg
= [[BLW -(1- OéW)Qi{(k—l)Miu}]tW + [IBLW - Qz‘{(k—l)Mﬁl}](Li ~tw)
+ :IBLW - Qig(k-1ym+1y — (1 = OJW)Qi{(k—l)MﬁQ}]tW
+ :IBLW = Qi{(k-1)Mi+1) — Qi{(k—l)MﬁQ}](Li —tw) + ...
+ :IBLW = Qif(k-1)Mi+1) — Qif(k-1)M+2} = - = Qif(h=1)M;+n}

-(1- aW)Qi{(k—l)Mi+n+1}:|tW

HIBLw = Qige-1)Mi1) = Qig(k-1)pi+2) = - = Qi{(k—l)Mi+n+1}:|(tS -nL; —tw)

= IBLxtg- [Qi{(k-an} + Qif(k-1)Mi+2) oo F Qi{(k—l)Mﬁm—l}:I(tS - awtw)

_[I-Qi{(k—l)Mi+2} +2.Q4{(k-1)M,+3) + - F n-Qz’{(k—l)Mi+n+1}:|Li (4.207)

At the time (k- 1)M;L; +ts, the amount of the wholesaler’s existing initial bank
loan and the second loan is equal to the value of the wholesaler’s stocked units
Q1. Thus, during [(k-1)M;L; +tg, kM;L;], the wholesaler has to pay interest for
the stocked units. I PW; is given by (4.204).

No interest will be earned in this case. So, IEW; = IEW5 = 0.

Case-1.2: nL; +ty > tg

Case-1.2.1: m-1<n

IPW is given by (4.204). At the time (k—1)M;L; +tg, the wholesaler has to pay
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the unpaid amount to the supplier by a loan from a bank. The unpaid amount is

Q2 = QWi - (Qi{(k—l)Mﬁl} + Qif(k-1)M;+2) T - Qi{(k_l)Mﬁn})
—(1 - O‘W)Qi{(k—l)MﬁrHl} (4.208)

I1PW, Interest to be paid due to the stock units/ credit payments during

[(k-1)M;L; +ts, kM;L;]
= Qa(nL;+tw —tg) + [Q2 - OéWQi{(k—l)Mﬁm—l}:l(Li —tw)
+[Q2 — aw Qif(k-1)Myan+1} — (1 = aW)Qi{(k—l)Mi+n+2}:|tW
+[Q2 — aw Qif(h-1)My4n+1} — Qi{(k—l)Mi+n+2}:|(Li —tw) + ...
+[Q2 — W Qif(k-1)Mian+1} = Qif(k-1)Mi+n+2} = - = Qif(k=1)M,+Mi~1}

~-(1- O‘W)Qi{(k—l)Mﬁ—Mi}]tW

= Qa(nL; +tw —tg) + [Qz - OéWQi{(k—l)Mﬁrml}](Mi -n-1)L;
-(1- a’W)[Qi{(k—l)MiHHQ} + Qif(h=1)My+n+3) + oo F Qz’{(k—l)Mi+Mi}:|tW

_[(Mi =1 = 2)Qif(k-1)M+n+2y + (Mi =1 = 3)Qif(h-1)Mysn+3y + - + 1-Qi{kMi—1}:|Li
(4.209)

TEW, is given by (4.205).

T1EW, Interest earned due to the repayment of the retailer for the sold units

during [{(k-1)M; + m}L;, (k= 1) M;L; + ts]

= OéW[Qi{(k-1)Mi+m+1}(ts —mLi —tw) + Qif(k-1)My+ms2) {ts — (M + 1) L; = tw}

bt Qugnynrny {ts = (n=1)Li — tw} (4.210)
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Case-1.2.2: m-1>n

1PW; Interest to be paid due to the IBL up to tg

= [IBLW -(1- O‘W)Qz‘{(k—l)Mi+1}:|tW + [IBLW - Qi{(k—l)Mﬁl}] (Li —tw)
+[IBLW ~ Qige-1ynm+1y — (1 = aW)Qi{(k—l)MﬁQ}]tW
+[]BLW = Qi{(k-1)Mi+1) — Qi{(k—l)Mi+2}:|(Li —tw) + ...
+[IBLW = Qigtb-1)M;+1} — Qif(h-1)Mi42} = - = Qif(k=1)M;+n)}

—-(1- 04W)Qi{(k—1)Mi+n+1}](ts -nL;)

= IBLxts~(1-aw)Qi-1)m+n+1)(ts —nL;)

_[Qi{(k—l)Mﬁl} + Qif(k-1)Mi+2) T oo F Qi{(kq)Mﬁn}](ts - awtw)

_|:1-Qz‘{(k—1)Mi+2} + 2.Qig(h-1) M43y + -+ (0= 1)~Qi{(k—1)Mi+n}:|Li (4.211)

IPW, is given by (4.209). No interest will be earned in this case, i.e., [EW; =
IEW, =0.

Case-2: 0< Qe < (1 - aw)Qif(k-1)M;+m+1}

In this case, initial bank loan due to the instant payment to the supplier will be
made at time {(k - 1)M; + m}L;, i.e., after time mL; from the starting point of
the k-th wholesaler cycle.

Interest to be paid and the interest earned by the wholesaler are as follows.

IPW = ILcppe” FDMLE(TPW, + TPW,) (4.212)
TEW = Icppe  FDMLE(TEW, + IEW, + [EW3) (4.213)

where, IPW,, IPW,y, IEW,, IEWy and [ EW3 are given by the expressions in the
following subcases.

Case-2.1: nL; +ty <tg
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Case-2.1.1: m<n

1PW; Interest to be paid due to the IBL

= [IBLW -(1- aW)Qz‘{(k—l)Mi+1}:|tW + [IBLW - Qi{(k—l)Mﬁl}] (Li —tw)
+[IBLW ~ Qife-1ym+1y — (1 - @W)Qi{(k—l)MﬁQ}]tW
+[]BLW = Qi{(k-1)Mi+1) — Qi{(k—l)Mi+2}:|(Li —tw) + ...

+[IBLW = Qif(k-1)M+1) — Qif(k-1)M12} — - — Qi{(k—l)Mi+m}:|(Li —lw)

= IBLxmL;+ OCW[Qi{(k—l)Mﬁl} + Qif(k-1)Mi+2) oo+ Qi{(k—l)Mi+m}:|tW

_[in{(k—l)Mﬁl} +(m = 1)Qif(k-1)Mys2) + - + 1-Qi{(k—1)Mi+m}:|Li (4.214)
IPW, is given by (4.204).

IEW, Interest earned due to the instant payment of the retailer for the sold
units during [{(k-1)M; + m+1}L;, (k- 1)M;L; + ts]
= (1= aw)|Qigu-vyrismen {ts = (m+ 1) L}

+Qif(k-1)My+me3y {ts — (M +2) L;}

oo+ Qif (1) My+n+1} (s — an’)] (4.215)

ITEW, is given by (4.206).

IEW;

Interest earned due to the excess amount after the repayment of the
[(1 — aw)Qif(k-1)My+m+1} — Qe](ts -mL;) (4.216)

Case-2.1.2: m>n

IPW; and IPW, are given by (4.207) and (4.204) respectively. No interest will
be earn in this case, i.e., IEW, = IEWy=1TEW3 =0.

Case-2.2: nL; +ty > tg

Case-2.2.1: m<n

In this case, I PWy, [PW,, IEW,, IEW; and [ EW3 are given by (4.214), (4.209),
(4.215), (4.210) and (4.216) respectively.

Case-2.2.2: m>n

In this case, IPW; and I PW, are given by (4.211) and (4.209) respectively. No
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interest will be earn in this case, i.e., IEW, = IEW, = I EW3 = 0.

Case-3: Q. = (1 - aw)Qif(k-1)M;+m+1}

In this case also initial bank loan will be made at time {(k - 1)M; + m}L;, as
Case-2. But here no amount will be excess after the repayment of the initial bank
loan. All expressions are same as Case-2 except [ EW3. Here, IEW3 = 0, for all

the sub-cases.

Case-4: Q. > (1 - aw)Qif(k-1)M+m+1}
In this case, initial bank loan due to the instant payment to the supplier will be
made at time {(k—1)M; + m}L; + ty .

Interest to be paid and the interest to be earned by the wholesaler are as follows.

IPW = ILcppe” FDMLE(TPW, 4+ [PW,) (4.217)
TEW = Icppe” FDMLE(TEW, + IEW, + [EW3) (4.218)

where, IPW,, IPW,y, IEW,, IEW, and [ EW3 are given by the expressions in the
following subcases.
Case-4.1: nL; +ty <tg

Case-4.1.1: m<n

1PW, Interest to be paid due to the IBL

= [IBLW -(1- aW)Qz’{(k—l)Mﬁl}]tW + []BLW - Qi{(k—l)Mﬁ—l}](Li ~tw)
+[IBLW = Qitt-1yMs1y — (1 - OéW)Qi{(kq)Mﬁz}]tw
+[IBLW = Qi{(k-1)Mi+1} — Qi{(k—l)Mi+2}:|(Li —lw) + ...
+[IBLW = Qif(k-1)Mi+1} — Qig(h-1)M42} = - = Qif(h=1)My+m)

—(1- O‘W)Qi{(k—l)Mﬁmﬂ}]tW

= IBL(mL; +tw)
—(1- aW)[Qi{(k—l)Mﬁl} + Qif(h-1)My42} + oo Qi{(k—l)MﬁmH}]tW

—[in{(k-nMiu} +(m = 1)Qi((k-1)My42) + - + 1-Qi{(k—1)Mi+m}]Li (4.219)
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IPW, is given by (4.204) and I EW is given by (4.215).

ITEW, = Interest earned due to the repayment of the retailer for the sold units
during [{(k-1)M; +m+1}L;, (k- 1)M;L; + ts]
= aW[Qz’{(k—l)Mi+m+2}{tS —(m+1)L;—tw}
+Qif(k-1)My+m+3} s — (M +2) L — tw }
oot Qi nyneny (b = nLi — tw) (4.220)
IEW;3 = Interest earned due to the excess amount after the repayment of the

IBL at {(k‘ - 1)Mz + m}L, +iw
[Qi{(k—l)MﬁmH} - Qe](ts -mL; —tw) (4.221)

Case-4.1.2: m>n

IPW; and IPW, are given by (4.207) and (4.204) respectively. No interest will
be earned in this case, i.e., IEW; = IEW, = IEW;3 = 0.

Case-4.2: nL; +ty > tg

Case-4.2.1: m<n

In this case, I PW; and I PW; are given by (4.219) and (4.209) respectively. IEW,
is given by (4.215).

ITEW,

Interest earned due to the repayment of the retailer for the sold units
during [{(k-1)M; + m+1}L;, (k- 1)M;L; + ts]

= O‘W[Qi{(k—l)Mi+m+2}{tS - (m+1)L; —tw}

+Qi{(h-1)My+m+3} {ts — (M +2)L; =ty }

oo+ Qignyprny {ts = (n=1)Li - tw} ] (4.222)

TEW; is given by (4.221).

Case-4.2.2: m>n

In this case, IPW; and I PW, are given by (4.211) and (4.209) respectively. No
interest will be earned in this case, i.e., [EW; = IEW, = I EW3 = 0.
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4.5.2.3 Promotional Cost

Promotional cost is an important part in any marketing system. In most of
the research papers, promotional cost is considered as the function of promotional
effort which increases the base demand of the item [97, 150]. But in these studies
no proper guideline is outlined about the actual process of the improvement of the
demand of an item by any promotional effort and the exact amount of the cost
behind this promotional effort. In this study, two promotional efforts are used- one
is advertisement and other is price discount. Let us assume that the MRP per unit
of the i-th item is s,;. To increase the demand of the item, the retailer sells the
product at a discounted price s,4;. Clearly the difference between the sales revenue
with discounted price and the sales revenue with the normal price (MRP) is the
promotional cost associated with this promotional activity. Again cost of different
advertisements is the promotional cost associated with the advertisement related
promotional activities. So total promotional cost associated with the promotional
activity, PRC, is given by

N

PRC = Zk%r$WXS&+SRQyNAQ+ACQﬂ (4.223)

i=1
4.5.2.4 Crisp Model

The total interest earned and the total interest paid by the retailer for the i-th

item in the total planning horizon are as follows.

Ni Ni
7=1

=1

The total profit gained by the retailer through the whole planning horizon is given
by

N
Zr = Y.[(SRi+SRL)~(PC;+ PCL) - (OC; + OCL;) - (AC; + ACL,)

i=1

~(HC;+ HCL;) + TIE; - TIP] (4.224)
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The total profit gained by the wholesaler through the whole planning horizon is
given by

N
Zw = Y.[SRW,- PCW,-OCW, - HOW, + TIEW, - TIPW,] (4.225)
i=1
The channel profit of both the retailer and the wholesaler is
Zr = Zrp+Zw (4.226)

If the wholesaler does not share the cost behind the promotional activities of
the retailer, then the retailer is the leader and the wholesaler is the follower,
i.e., depending upon the decision of the retailer, the wholesaler will determine
the marketing decision. It is already mentioned that this scenario is called NCS
and so in this scenario the problem of the retailer and the wholesaler can be

mathematically represented as:

Retailer determine K, tgr,n;, fri,mpai; fori=1,2,.... N (4.297)
to maximize Zr
Wholesaler determine  M;; fort=1,2,.... N
(4.228)
to maximize Zw

If the wholesaler shares a compromise portion of the promotional cost for the joint
marketing decision, then the scenario is termed as CS. Let us consider that the
wholesaler shares F' fraction of the promotional cost. So the retailer have gained
the same amount. Therefore, the profits of the retailer, the wholesaler and the

channel profit are respectively

N
Zr = 3.[(SRi+SRL;) - (PC;+ PCL;) - (OC; + OCL;) - (AC; + ACL;)

=1
—(HC;+ HCL;) + TIE; - TIR] + F.PRC (4.229)

N
Zw = 3.[SRW.-PCW, - OCW, - HCW, + TIEW, - TIPW]
=1

~F.PRC (4.230)
ZT = ZR+ZW (4231)
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In this scenario, the retailer and the wholesaler jointly determine the marketing

decision and hence the problem mathematically takes the following form:

(4.232)

Determine K, tgr,n;, fri,mgai, M;; fori=1,2, ... N
to maximize Z

4.5.2.5 Fuzzy Model

It has already been mentioned about the impreciseness of different parameters
of any inventory system [113, 115, 118]. Due to the fluctuating world economy
different costs involves in any supply chain changes frequently. In this model,
the ordering cost of the retailer c,;, the advertisement cost of the retailer c,;, the
mark-up of holding cost of the retailer my,;, the ordering cost of the wholesaler ¢,
the mark-up of holding cost of the wholesaler my,,; are assumed as the triangular
fuzzy numbers (TFNs) [115, 127, 214| Ty, Cai, Mhi, Cowis Mwi respectively, for i =
1,2,..., N, where €, = (Coti; Cozi, Co3i)s Cai = (Calis Ca2iy Ca3i)s Mai = (M1s, M2, Mi3i),
Cowi = (Cowlis Cowis Cowsi)s Muwi = (Muwiis Mawai, Mrwsi). Therefore, the holding cost
of the retailer and the wholesaler are also fuzzy in nature, i.e., €,; = Mpcp and
Chwi = MhwiCpwi- Hence, the profits in both the scenarios become fuzzy in nature.

In NCS, the individual profits and the channel profit are represented by

N

Zrp = ), [(SRz‘ +SRL;) - (PC; + PCL;) - (OC; + OCL;) - (AC; + ACL;)
1=1
—(HC;+HCL,) + TIE, - TIB-] (4.233)

N
Zv = %
i=1

Zr = Zp+Zw (4.235)

SRW; - PCW; - OCW ;- HCW, + TIEW; - TIPW;|  (4.234)

| —

In NCS, since the retailer is the leader and the wholesaler is the follower, so the
retailer determines the marketing decision at first. So the mathematical problem

in this scenario is as follows:

Retailer determine K, tg,n;, fri, mpq;; for i=1,2, ..., N
R0 fris Mka } (4.236)

to maximize Zr

(4.237)

Wholesaler determine  M;; forv=1,2,.... N }

to maximize Zw
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In CS, the individual profits and the channel profit are represented by

N — —— — ——
Zn = Y|(SRi+SRL) - (PC;+ PCL;) - (OC; + OCL,) - (AC; + ACL,)
i=1
(HC;+ HCL;) +TIFE; - Tm] + F.PRC (4.238)

SRW, - PCW, - OCW, - HOW, + TIEW, - T[PW]

N
=
1l

™M=

R FRD (4.239)
ZT = ZR+ZW (4240)

where,

N
PRC = Y| (spi = spas)(SRi + SRL;) + (AC; + ACL,)] (4.241)
i=1
In CS, the retailer and the wholesaler jointly takes the marketing decision to
improve the channel profit as well as individual profit. So in this scenario, the

problem mathematically takes the following form:

Determine K, tg,n;, fri, Mgai, M;; fori=1,2,.... N
R fris Mka } (4.242)

to maximize Z

As the fuzzy variables are taken as TFNs, the individual profits and the total
profit becomes also TFNs as Zp = (Zg1, ZRo, ZR3), Zw = (Zw1, Zwa, Zws) and
ZT = (ZT17 ZTQ, ZT3) where

N

Znj = 2[(SRi+SRL) - (PC;+ PCL) - (OCu_jy + OC L j;)

i=1
—(AC(4_J)Z + ACL(4_J)Z) - ([‘[CV(4_])z + HCL(4_J)Z) + TIEZ — TIPZ:I
+F.PRC; (4.243)
N

Zw; = Y|SRW: = PCW; = OCWjy - HOW s jy; + TIEW; - TIPW;]
=1

~F.PRC,_; (4.244)
ZT]' = ZRj+ZWj (4245)

These expressions can be used to find TFNs of the profit functions in CS for
j=1,2,3. The same expressions can be used in NCS by taking F' = 0.
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4.5.2.6 Rough Model

Another approach of estimation of vague parameters is the use of rough set the-
ory [105]. Some inventory models have already been published following rough es-
timation of imprecise parameters, like ordering cost, holding cost etc [69, 126, 150].
In this model, the ordering cost of the retailer c,;, the advertisement cost of the
retailer ¢,;, the mark-up of holding cost of the retailer my;, the ordering cost of the
wholesaler c,,;, the mark-up of holding cost of the wholesaler my,,; are assumed
as the rough numbers [115, 127, 214] Coi, Cais Mhis Cowis Mhwi Tespectively, for
i=1,2,...,N, where ¢y = ([Co1i; Co2i][Co3is Coni])s Cai = ([Caris Cazil[Casiy Canil), Tn; =
([mn1s, Mn2s ) [Mnzi, Maai]), Cowi = ([Cowtis Cow2i] [Cowsis Cowsi])s Mnwi = ([Mhwis, Mawai]
[Mhwsi, Mhwai]). Therefore, the holding cost of the retailer and the wholesaler are
also rough in nature, i.e., ¢p; = MpiCpi and Chyi = MpwiCpwi- Hence, the profits in

both the scenarios become rough in nature.

In NCS, the individual profits and the channel profit are represented by

N

Zn = > [(SR;+ SRL:) - (PC; + PCL;) - (OC; + OCL;) - (AC; + ACL;)

. (HC;+ HCL;) + TIE; - TIP] (4.246)
Zw = ]EVj [SRW, - PCW, - OCW, - HOW, + TIEW, - TIPW;]  (4.247)
Zp = Z; + Zw (4.248)

In NCS, since the retailer is the leader and the wholesaler is the follower, so the
retailer determines the marketing decision at first. So the mathematical problem

in this scenario is as follows:

Retailer determine K, tg,n;, fri,mpai; for i=1,2,..., N

) } (4.249)

To maximize Zr

Wholesaler determine  M;; fort=1,2,.... N
(4.250)

To maximize Iw
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In CS, the individual profits and the channel profit are represented by

N

Zn = Y|(SRi+SRL) - (PC;+ PCL) - (OC; + OCL,) - (AC; + ACL,)
=1
~(HC;+ HCL;) + TIE; - TIP,| + F.PRC (4.251)
N

Zw = Y, [SRWi - PCW; -OCW ;- HCW,+TIEW, - TIPWi]

i=1

~-F.PRC (4.252)
ZT = ZR+ZW (4253)

where,

=

PRC = Z[(sm $pa1) (SR; + SRL;) + (AC; + ACL; )] (4.254)

i=1
In CS, the retailer and the wholesaler jointly takes the marketing decision to
improve the channel profit as well as individual profit. So in this scenario, the

problem mathematically takes the following form:

Determine K, tg,n;, fri, Mgai, M;; fori=1,2,.... N
Ry fris Mka } (4.255)

to maximize Z

For the rough variables, the individual profits and the total profit also becomes
rough numbers as Zp = ([Zr1, Zr2][ZR3, ZRa)), Zy = ([Zw1, Zw2][Zws, Zwa])
and ZT = ([ZT1, ZT2][ZT3> ZT4]); where

N

Zrj = 2[(SRi+SRL) = (PC;+ PCL) = (OC(njyi + OC L)

i=1
~(AC(n-jyi + ACLgm_y:) = (HC(mjyi + HCLiy_jy;) + TIE; = TIF;]
+F.PRC, (4.256)
N

Zw; = 3. [SRWi= POW, =~ OCW sy = HOW iy, jy; + TIEW; = TIPW; |
i=1

~F.PRC,,_; (4.257)
ZTj = ZRj+ZWj (4258)

These expressions can be used to find rough numbers of the profit functions in
CS for j =1,2,3,4; where m = 3 for j = 1,2 and m =7 for j = 3,4. The same
expressions can be used in NCS by taking F' = 0.
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TABLE 4.25: Input data of Crisp model for Example 4.7 (for ¢ = 1,2,3) and

Example 4.10 (for i =1,2,3,4)

Item (i) | a; b; Cpi Spi  Mui  Coi  Cai  Qdi | Cpwi Cowi Mhwi
1 270 0.25 1.65 4.29 0.05 95 14 40 0.90 50 0.03
2 90 020 1.35 3.51 0.05 130 10 60 0.72 80 0.03
3 150 0.19 145 3.77 0.05 120 11 45 0.78 70 0.03
4 220 0.22 1.55 4.03 0.05 100 12 55 0.82 75 0.03

TABLE 4.26: Results of Crisp model in NCS for Example 4.7

Item (4) | n;  fri K mga;  tr | M; ZR Zw Zr
1 1 4 0.954 2
2 2 1 13 0993 1.17 2 5696.50 756.90 6453.40
3 2 2 0.986 1

4.5.3 Numerical Illustration and Discussion

The proposed model is discussed with two sets of hypothetical data. The first
set of data is considered as Example 4.7 for 3 items (i.e., i = 1,2, 3) and the second
set of data is considered as Example 4.10 with adding 4-th item in Example 4.7
(i.e., i =1,2,3,4). In this section, the numerical results in different scenarios for
different examples are obtained using MMCABC approach (cf. §2.2.2.4).

Ezample 4.7. (For the crisp model) In this example, 3 items are considered,
i.e., N = 3. The input data for different items (i = 1,2,3) are presented in the
first three rows of Table 4.25. Other parametric values are: R = 0.03, I, = 0.10,
I = 0.08, ag = 0.60, awy = 0.55, ag = 0.42, § = 2.03, v, = 0.25, 7 = 0.25, H = 30,
te =3, ty = 2.

If the wholesaler does not share any part of the promotional cost, then the
retailer is the sole decision maker and the wholesaler is the follower. This situation
is known as NCS. Optimizing retailer’s profit with the above hypothetical data,
the best found retailer’s profit Zgz and the corresponding values of the decision
variables n;, f.;, mga; (for i =1,2,...,N), K, tg are tabulated in Table 4.26. The
obtained values of the decision variables n;, f.;, mgqa (for i =1,2,....N), K, tg of
the retailer are taken to optimize wholesaler’s profit. The profit amount of the
wholesaler Zy, and the corresponding total profit Zr are presented in Table 4.26.
According to the wholesaler’s decision, the values of M; are also presented in Table
4.26.
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TABLE 4.27: Values of Zr and Zy for different F' of Crisp model in CS for

Example 4.7
F Zr Zw Zr
0.06 | 5619.44 1161.65 6781.10
0.07 | 5750.28  1030.82 6781.10
0.08 | 5880.26  900.84  6781.10
0.09 | 6010.48  770.62  6781.10
0.10 | 6141.36 639.73 6781.10

Bold face indicates the values of profit less than the NCS

TABLE 4.28: Results of Crisp model in CS for Example 4.7

Item (3) | n; fri K mga;  tr | M; Zr Zyw Zr
1 1 5 0.705 2
2 3 1 14 0.760 0.36 1 5880.54 900.55 6781.10
3 1 4 0.703 2

In CS, a parametric study on F' is done and the results are presented in Table
4.27. The suitable range of F' for sharing the percentage of promotional cost can
be obtained from this table and the suitable range is (0.07,0.09). Out of this
range, the profits of either the retailer or the wholesaler decreases in the CS than
the NCS. So, the value of F' out of this range is not beneficial for the chain. From
Table 4.27, it is found that if F' = 0.06, then the retailer’s profit in CS (5619.44)
decreases than that in the NCS (5696.50). Again, if F' = 0.10, then the wholesaler’s
profit in CS (639.73) is less than that in the NCS (756.90). Taking F' = 0.08, the
total profit of the retailer and the wholesaler is optimized and the corresponding
results are presented in Table 4.28. From this table, it is clear that for F' = 0.08
the profits of both the parties is far better than the NCS.

If the selling price elasticity (§) changes, then its effect on the result are shown
in Table 4.29. It is observed from the table that the reduced selling price mark-up
myq and the customers’s credit period tr are decreased with the increase of §. In
fact the increase of 0 decreases the market demand of the items. So to keep the
demand high myg; is decreased. Again decrease of myg decreases revenue and so
tg is slightly decreased to make a balance between the demand and the revenue.

But as expected, in resultant effect, the profit decreases with the increase of ¢.

Again it is observed that the frequency of advertisement increases with the
increase of y; and the profits of both the retailer and the wholesaler are also

increases. The effects on the results due to the increase of v; are shown in Table
4.30.
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TABLE 4.29: Parametric study of § in CS for Example 4.7

1) Item (3) | ny  fri K mpa; tr M; ZRr Zw Zr

1 1 5 0.705 2

2.03 2 3 1 14 0.760 0.36 1 5880.54 900.55 6781.10
3 1 4 0.703 2
1 1 5 0.701 2

2.04 2 3 1 14 0.755 0.35 1 5843.85 894.32 6738.17
3 1 4 0.699 2
1 1 5 0.696 2

2.05 2 3 1 14 0.751 0.33 1 5807.45 888.71 6696.17
3 1 4 0.694 2
1 1 5 0.692 2

2.06 2 3 1 14 0.747 0.32 1 5772.78 88227  6655.05
3 1 4 0.689 2
1 1 5 0.687 2

2.07 2 3 1 14  0.743 0.31 1 5737.54 877.27 6614.81
3 1 4 0.685 2

TABLE 4.30: Parametric study of v in CS for Example 4.7

Y1 Item (3) | n;  fri K mpas tr M; Zr Zyy Zr
1 1 5 0.705 2

0.25 2 3 1 14  0.760 0.36 1 5880.54 900.55 6781.10
3 1 4 0.703 2
1 1 6 0.705 2

0.26 2 3 1 14  0.759 0.36 1 6042.99 948.71 6991.70
3 1 4 0.703 2
1 1 6 0.705 2

0.27 2 3 1 14  0.759 0.36 1 6235.10 982.41 7217.51
3 1 4 0.703 2
1 1 7 0.703 2

0.28 2 2 2 14 0.699 0.34 1 6435.40 1027.48  7462.88
3 1 5 0.701 2
1 1 7 0.703 2

0.29 2 2 2 14  0.699 0.34 1 6669.31 1068.38  7737.68
3 1 5 0.701 2
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TABLE 4.31: Parametric study of o in CS for Example 4.7

y2 | Ttem (3) | ny  fri K mpa;  tr | M ZR Zy Zr
1 1 5 0.705 2

0.25 2 3 1 14 0.760 0.36 1 5880.54  900.55 6781.10
3 1 4 0.703 2
1 1 5 0.716 2

0.26 2 3 1 14 0.765 0.44 1 5913.19 911.37 6824.56
3 1 4 0.714 2
1 1 5 0.726 2

0.27 2 3 1 14 0.771 0.52 1 5952.34  922.82 6875.16
3 1 4 0.724 2
1 1 5 0.736 2

0.28 2 3 1 14 0.777 0.59 1 5996.85 935.95 6932.80
3 1 4 0.734 2
1 1 5 0.748 2

0.29 2 3 1 14 0.783 0.68 1 6048.52  948.92  6997.44
3 1 4 0.746 2

Results are obtained due to the variation of 4, and the obtained results are
presented in Table 4.31. It is observed from the table that the retailer gives more
credit period (fgr) to the customers with the increase of ~, and also the profits
of both the parties (i.e., the retailer and the wholesaler) increases with . Also
it is observed that myg increases with the increase of 75. In fact if v increases
then to take its advantage tg increases. But increase of ¢ty decreases the profit
to some extent. To make a balance between the profit and the promotional cost,

myq; increases slightly. All these observations agree with reality.

Example 4.8. (For the fuzzy model) The input values of fuzzy parameters ¢,
Caiy Mpiy Cowiy Mpwi (for the item 7 = 1,2, 3) are presented in Table 4.32. All other

parametric values are same as in the Example 4.7 for the crisp model.

With similar explanations as in the crisp model, the results in the NCS and
CS of the fuzzy model are obtained for the above set of parametric values and are
presented in Table 4.33. In this model also same trend of results is obtained as in

the crisp model.

Ezample 4.9. (For the rough model) The input values of rough parameters ¢,
Caiy Mhis Cowis Mpwi (for the item i = 1,2, 3) are presented in Table 4.32. All other

parametric values are same as in the Example 4.7 of crisp model.
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TABLE 4.32: Input data of Fuzzy and Rough model for Example 4.8 and Ex-
ample 4.9 respectively

Input Item Item Item
Variable i=1 1=2 i=3
Coi (93, 95, 97) (128, 130, 132) (118, 120, 122)
Cai (13.5, 14, 14.5) (9.5, 10, 10.5) (10.5, 11, 11.5)
Fuzzy Mhi (0.048, 0.050, 0.052) (0.048, 0.050, 0.052) (0.048, 0.050, 0.052)
Cowi (49, 50, 51) (79, 80, 81) (69, 70, 71)
Mhwi (0.028, 0.030, 0.032) (0.028, 0.030, 0.032) (0.028, 0.030, 0.032)

(194,96](93,97])
([13.5,14.5][13,15])

(1129,131][128,132])
(19-5,10.5][9,11])

([119,121][118,122])
([10.5,11.5][10,12])

([0.049,0.051][0.048,0.052])
[49.5,50.5][49,51])
([0.029,0.031][0.028,0.032])

([0.049,0.051][0.048,0.052])
([79.5,80.5][79,81])
([0.029,0.031][0.028,0.032])

([0.049,0.051][0.048,0.052])
(169.5,70.5][69,71])
([0.029,0.031][0.028,0.032])

Rough Mh;
éowi

Mpai

TABLE 4.33: Results of Fuzzy model for Example 4.8

Ttem (i) | n; fri K  mga  tr | M; Profit Values
1 1 4 0.954 2 ZR =(5562.02, 5696.50, 5830.98)
NCS 2 2 1 13 0993 1.17 2 Zw =(740.18, 756.90, 773.63)
3 2 2 0.986 1 Zr =(6302.20, 6453.40, 6604.60)
1 1 5 0.705 2 ZR =(5688.35, 5880.47, 6072.60)
cs 2 3 1 14 0760 036 | 1 Zw =(871.34, 900.62, 929.91)
3 1 4 0.703 2 ZT =(6559.68, 6781.10, 7002.51)

TABLE 4.34: Results of Rough model for Example 4.9

Item (3) | ny  fri K mpg; tr M; Profit Values
1 1 4 0.954 2 | Zg =(]5592.93,5800.07][5489.36,5903.64])
NCS 2 2 1 13 0993 117 | 2 Zy =([748.10,764.82][739.74,773.18])
3 2 2 0.986 1 | Zp =([6341.03,6564.89][6229.10,6676.82])
1 1 5 0.700 2 | Zg =([5774.35,6078.85][5622.10,6231.10])
cs 2 2 1 14 0700 034 1 Zw =(]824.47,863.39][805.00,882.85])
3 1 4 0.700 2 Zr =(]6598.81,6942.24][6427.10,7113.95])

With similar explanations as in the crisp model, the results in the NCS and CS
of the rough model are obtained for the above set of parametric values and are
presented in Table 4.34. In this model also same trend of results is obtained as in
the crisp model.

Ezample 4.10. (For the crisp model) In this example, 4 items are considered.
The input data for first 3 items are same as in Example 4.7 and the input data for
fourth item (i.e., i = 4) are presented in Table 4.25. All other parametric values

are also same as in Example 4.7.
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TABLE 4.35: Results of Crisp model in NCS for Example 4.10

Item (3) | n;  fri K mpgs tr M; Zr Zvwy Zr
1 1 4 0.933 2
2 2 1 13 0978 1.00 2 8536.66  1200.25 9736.91
3 2 2 0.972 1
4 1 4 0.933 2

TABLE 4.36: Results of Crisp model in CS for Example 4.10

Item (3) | n;  fri K  mggs tr M; Zr Zvy Zr
1 1 5 0.700 2
2 3 1 14 0.757 0.32 1 8813.56  1551.54  10365.10
3 1 4 0.697 2
4 1 5 0.693 2

The results for this Example 4.10 in NCS and CS of the crisp model are pre-
sented in Table 4.35 and Table 4.36 respectively. In this example also, same trend

of results is obtained as found in the Example 4.7 for the crisp model.

From all the above illustration, it is clear that the reduced mark-up (mygg;) is
less in the CS than the NCS and also the mark-up is less than 1, for all the items,
in both the scenarios. So the price discount policy is beneficial for the supply chain
when the joint decision is made using the promotional cost sharing. Again for all
the items, frequency of advertisement (f,;) are positive in both the scenarios and
the frequency in CS is higher than the NCS. So, the advertisement for different
items at a regular time interval is also beneficial when the joint decision is made
using the promotional cost sharing. Again customers’ credit period offered by the
retailer (tg) is positive in both the scenarios, i.e., trade credit is also beneficial for
the supply chain. Moreover, it is also established that promotional cost sharing is
beneficial for all the parties involved in the chain as all of them can take part in
the marketing decision. For some items, it is observed that n; > 1. So, BP policy

is beneficial for the retailer in NCS as well as in CS.

4.6 Conclusion

In Tsao’s work [184], a supplier-retailer inventory system with multiple items
was studied where the supplier provides an interest-free credit period for the re-

tailer to compensate him for making promotional efforts to stimulate the demand
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for each item. This problem is modeled as a profit maximization problem and
is analyzed under two distinct scenarios: the non-coordination scenario and the
coordination scenario. Two channel coordination mechanisms are discussed and
some theoretical conclusions are drawn. Huang et al. [78] shown in their note that
there exist some nontrivial flaws in Tsao’s work. They identified and corrected
those flaws and derived theoretical conclusions to replace the invalid conclusions
in Tsao [184]. But still there were some flaws in Huang et al.’s study. Those
are corrected in Model 4.1. Moreover, here, the multi-item supply chain is in-
troduced under two level trade credit policy and promotional cost sharing with
budget constraints in crisp as well as in imprecise environments (fuzzy, rough). It
is established that if the supplier shares a part of the promotional cost, then the
channel profit as well as the individual profits increase. It is also established that

the customers’ credit period has sufficient significance in a supply chain.

In the Model 4.2, a two level multi-item supply chain is introduced under two
level price discount policy and promotional cost sharing. It is established that if
the supplier shares a part of the promotional cost, then the channel profit as well
as the individual profit increase. It is also established that the price discount given
to the customers has sufficient significance in a supply chain. The model can be
extended to multi-level price discount policy under multi-level promotional cost
sharing in crisp and imprecise environments. At length an approach is proposed
for fuzzy optimization problems where no crisp equivalent of the objectives are
required to find optimal decision. This approach can be used to solve optimization

problems in other discipline also.

In the Model 4.3, a multi-item wholesaler-retailer supply chain is proposed un-
der retailer’s two warehouse facility and joint replenishment policy. The wholesaler
and the retailer ordered the items under joint replenishment policy. Retailer uses
a separate BP policy to transfer the units from the storehouse to the market show-
room. Demand is influenced by the inventory level, frequency of advertisement as
well as the selling price. The total cost due to the advertisements and the reduced
selling price is considered as the promotional cost. The model is analysed in both
the NCS and the CS in crisp as well as in imprecise environments. The following

concluding remarks can be drawn from the study:

e For price sensitive demand, the price discount is the most attractive promo-

tional approach.
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e Advertisement of items in a regular manner is beneficial for any supply chain.

e Promotional cost sharing is beneficial for both the parties in a wholesaler-

retailer supply chain.

e Display area of the show room should be properly distributed among the

items for the better return.

e Joint replenishment policy is beneficial for both the retailer as well as the

wholesaler.

e A heuristic search approach, MMCABC, appropriate for mixed integer op-
timization problem is proposed and tested. The algorithm is capable of
solving constrained /unconstrained optimization problems in crisp as well as

in imprecise environments.

In the Model 4.4, a multi-item supplier-wholesaler-retailer-customers supply
chain with partial trade credit policy at each level is considered. Here, the planning
horizon is fixed and due to the increase of product’s price with time in volatile
market situation, the inflationary effect is considered. Retailer orders the different
items at a regular time interval using BP policy. Demand is influenced by the time,
the frequency of advertisement, customers’ credit period offered by the retailer as
well as the selling price. The total cost due to the advertisements and the reduced
selling price is considered as the promotional cost. The model is analysed in both
the NCS and the CS in crisp as well as in imprecise environments. The following

concluding remarks can be drawn from the study.

e For price sensitive demand, the price discount is the most attractive promo-

tional approach.

e Inflation is also an important part due to the increase of price of the product

with time.
e Advertisement of items in a regular manner is beneficial for any supply chain.

e Trade credit period given to the customers by the retailer is also beneficial

for any supply chain.

e Promotional cost sharing is beneficial for both the parties as all of them can

take part in joint marketing decision.
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e Joint replenishment policy is beneficial for the retailer as it significantly

reduces the ordering cost and holding cost.

e A heuristic search approach, MMCABC, appropriate for mixed integer op-
timization problem is proposed and tested. The algorithm is capable of
solving constrained /unconstrained optimization problems in crisp as well as

in imprecise environments.



