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ABSTRACT

Companies are becoming increasingly aware
of the importance of improving their supply
chains. The coordination and integration of
production  (supply), inventory, and
distribution (demand) operations is widely
perceived to be a route to obtain a
competitive advantage. Solutions will be
presented for the class of models:1) Single
Supply Location and Multiple Demand
location with Deterministic Models, 2)
Multiple Supply locations and Multiple
Demand location through Distributors or
Dealers, 3) Problem 1) and 2) with
(Capacitated) vehicle routing and 4) All the
above with Tax implications. As in most
NP-hard problems, three approaches are
typically employed to solve these types of
problems: heuristics, approximation
methods and exact methods. Computational
experience of solving illustrative cases is
presented.

Introduction

Traditionally, firms have focused their
energies on three main functions:
purchasing, manufacturing, and distribution.
Transport and storage activities within
individual functions and across functions

have not received adequate attention, and
have wusually been handled by the
department managing the logistical aspects
of the company. Challenges in product
distribution, which is the downstream
activity of the Supply Chain of a company,
are becoming more and more complex due
to increase in product variety, shorter
product life cycle, demand fluctuations,
excessive transport cost, and Tax levied
across the distribution channels. In this
paper, the Tax implication in the distribution
system is considered. The problem is
mathematically formulated for a variety of
cases and solved. Computational
experiences are reported.

Lei Lei, et al. (2006), Fabio Nanino and
Roberto Panizzolo (2007), and Rosenfield
and Little (2007) have reported a different
versions of the distribution problems and
solution methods. However, no literature
addressed the distribution problem with Tax
implications.

Problem statement

Consider a variety of products manufactured
at plants located at various sites. These
products will be supplied to stores through
the distributors. The number of plants,
distributors and the stores are assumed to be



a known constant. The locations of these

While the products are being transferred
within the state and interstate transfer,
certain Tax will be levied. Given the
production capacity of each plant and the
demand for each product, it is required to
optimize the sum of primary and secondary

Mathematical Model

Two models are presented: one without Tax
implication and the other with Tax
implication.

facilities are also known.

transport cost and the Tax levied. Whenever
there is change in Tax policy then the
problem turns to optimizing the number and
location of the distributors to make the
business competitive.

The following network diagram shows the
supply chain with plants, distribution centers
and stores that deals with production and
distribution of multi products (SKUs).
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Notations:

m=No. of plants

n=No. of DCs

a=No. of stores

k=No. of SKUs

dij=distance from i" plant to j"" DC
d';=distance from i" DC to j™ store
Aq=production capacity of k™ SKU at i®
plant

Bji=demand of k" SKU at j" DC
Cj=demand of k™ SKU at j" store

p=cost of transportation from plant to DC
per ton per km

s=cost of transportation from DC to store
per ton per km

tijxz=monthly tonnage of k™ SKU delivered
from i™ plant to j™ DC

tlijk:monthly tonnage of k™ SKU delivered
from i™ DC to jth store

Mathematical Formulation without
Tax

Min Z = ¥ ¥ ditip + XY d it s
St.

Zztijk < Aik , for kzl, 2, ,b (Plant
capacity constraint)

Zztijk > Bjk, for k:1,2,.....,b (DCS demand
constraint)

ZZtlijk > Cy, for k=1,2,....,b (Stores demand
constraint)

All variables are > 0

Illustration

Given that,

No. of Plants =5

No. of DCs =4

No. of SKUs =7

Supply from plants for each SKUs

Demand at DCs for SKUs

Demand at Stores for SKUs

Distance in km between plant and DC
Distance in km between DC and store

Cost of transportation per ton per km
between plant and DC

Cost of transportation per ton per km
between DC and store

Solution,
Mixed integer LP may be generated in
GAMS and solution may be obtained.

Approximate Solution,

The problem is simplified by considering the
aggregation of the supply and demand into a
single aggregate (pseudo) product instead of
multi products. Then, the problem is
formulated in to a

primary transportation model as shown in
the table below. The aggregate supply and
demand for the above mentioned illustration
are:

Supply from Plants: 12.7, 449.0, 3973, 3.6,
978.3 (from plant 1 to 5 respectively).
Demand for DCs: 901.6, 1522.1, 1616.1,
1376.6 (to DC 1 to 4 respectively).

The Transportation problem was solved both
optimally and near optimally. VAM is
selected for non-optimal solution as it gives
closer to optimal solution and takes less
computation time.



Primary Transportation Model
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Mathematical Formulation with The diagram shown below is a sample Tax
levy system when distribution is for

Tax
interstate and state transfer.
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The problem with Tax implication is formulated after defining the notations and is presented

below:

Minimize Z = ZFCIC Y+ ZZV% *Z(ZZDC#MJ*YIW +
lc t lC ld J k
3 Z[ZZD%}T% B PSS 10, z[z 5 D] |+
L\ J k T ik

t e 1

SN[ Soe e |, S, s, Jelen e o Sum, s, Jion,
to0 I, k I I

c

Subject to,

Y z2Y,,

z Yldlgt =1

Y,.Y,, 1 (01)



In the above model, the first term in the
objective function represents the fixed cost,
second term for variable operation cost,
third term for primary distribution cost,
fourth term for secondary distribution cost
and the fifth term for Tax levied for
interstate and state transfer.

The first constraint is to make sure that
warehouse which has been allocated is
functional. Second constraint is to make sure
only one warehouse is allocated to client.
Third constraint is the binary constraint. The
problem is solved near optimally by
repetitive application of VAM and the final
result is arrived by comparing and selecting
all the solutions generated.

Conclusion

The Integrated analysis of production —
distribution systems has proven to be of
significant benefits, like savings and
efficiency  improvements.
applied two phase solutions: Phase 1 solved
a mixed — integer program, assuming direct
supply to customers. Phase 2 applied
heuristic  method to optimize the
transportation schedule. However, gap has
been noticed that the production —
distribution system has not been studied
when the Tax implications are significant. In
this paper, production — distribution models
are presented with and without Tax
implications and solution methods along
with computation experience are discussed.
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