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Abstract: In this research work an analytical model has been propdsefinding new distribution passage from the suppliers # th
geographically scattered dealers and to deal with therrisioblem. Since the result for this model is a non-polyrampioblem, tabu
search that uses various surrounding approaches has betyedto provide gratifying results. Rate fixing and requésiming are
neglected and assumed in several inventory routing probiegestigation. To obtain maximum interest in the supplyicheetwork,
the agreement in rate fixing have to be good since it affeetslémand decision and hence the inventory and routing desist he
suggested heuristic method was distinguished from twa @tkisting methods of inventory routing and pricing probland it has been
found to be better than the other two methods while consigetie average profit.
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1 Introduction circumstances especially (1) when straightforward cargo
transportation is granted and (2) when direct cargo
The supply chain can be characterized as a chain ofransportation is forbidden. For the above pointed
systems that are involved in transferring a product fromcircumstances, initially two integer programming
the producer to the ultimate client. The inventory routing representations were combined for multistage sensitive
problem in a supply chain is to regulate a new distributionSCND problem. Later to avoid the complications of
passage from the suppliers to the geographically scattereiiteger mathematical programming representation, graph
dealers and to fix the price for the dealers. There occutheoretical approach has been used to analyze the
two disagreements in the inventory routing problemarrangement of the SCND problems and it has been
namely fixing the price for the dealers and finding way to proven that both the SCND problems could be designed
deliver the product. If there is a fair agreement betweenby a bipartite graph. Finally a satisfactory solution
the supplier and the dealer for the inventory and routingmethod has been developed based on a solution
problems, then the performance of the organization willrepresentation technique initiated from graph theorktica
be better. To obtain maximum profit in the supply chain outlook to the arrangement of the considered problem. At
network, the compromise in the rate fixing have to belast to evaluate the performance of the suggested heuristic
good since this affects the demand decision and hence thsolution technique, the obtained results have been
inventory and routing decisions. The major hindrance forcompared to the original results obtained by a commercial
the supply chain network lies in the determination of method.
inventory, routing and pricing. [2,3] have focused on the operational management of
composite multi-echelon multi-item scatter networks. The
main motive of the N-echelon vehicle routing problem
1.1 Recent related researches: A review with cross-docking in stock series management was to
content the client requirement at reduced transportation
[1] have addressed the multi- stage Supply Chainexpense. A monolithic optimization frame work for a
Network Design (SCND) complications under two combined integer linear analytical formulation has been
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proposed. The computed results for various examples alsdistribution centers cost. However, the problem occurs
have been illustrated. when including all these costs in a single objective

[4] have addressed few meta- heuristics to detect théunction because of the fact that when either of the costs
best series of incoming and outgoing trucks so as to reducgets reduced extremely, the total objective becomes
the entire working time. Besides assessing and analyzingninimal. This is contradicting with the desire of
the ability and scope of the specifications, comparison ofminimizing every cost, which is involved in the SCND.
these meta-heuristics among themselves has been doneltoreover, the recently proposed inventory routing
figure out their similarities. By this analysis, the fitne$s o methods only make use of the traditional supply chain
the meta- heuristics was found to be sensitive for crossnetwork. The routing method can be considered as
docking system with larger incoming or outgoing trucks effective only if it functions in the environment of
to deliver the product. temporally modified supply chain network. But lack of

[5,6] provided a detail summary about the Supply such works further weakens the literature. All these
Chain Management (SCM) by categorizing the entireproblems have motivated me to do the research work in
problems into three approaches namely resourcehis research field.
administration, management unification and supply
network arrangement.

[7] introduced a novel prototype to coordinate all the 1.3 Problem formulation
supply chain systems for reliable and efficient operation in
manufacturing industries. The problem creation for the inventory tracking and

[8] discussed the determinants of the Supply Chainpricing problem is formulated as below.

System (SCS) that affects its acceptance and also had
suggested four different types of responsiveness to
enhance the future growth of the SCS. 1.3.1 Nomenclature

[9] have suggested various methods such as genetic
algorithm, ant colony optimization technique, tabu searchLet
approach and particle swam optimization to deal with  p; denotes the sales price in the planning periodfor
non-linear polynomial problems. Among them, Tabu retailer.
search has been suggested to solve the inventory routing a; denotes the intercept value for the demand pattern
and pricing problem. of iy, retailer.

[10,11] interpreted a novel approach for fuel bi denotes the demand pattern slopgptiealer.
transportation obstacle that divides the clients based on y; denotes th@y dealer claim in the planning period.
their product delivery date and amount using combined w denotes the number of working days in the planning
integer programming and then navigate to the clients byphase.
determining the most favorable route. Even though this g denotes the claim of thig, dealer for each day.
approach grants various application in location based R denotes the number of route.
framework, there is a need for the extension of the N denotesthe number of retailer.
analytical model to improve the performance. j denotes the indicator of dealers or suppliers.

[12] illustrated the employment of time windows for | denotes the indicator of dealers or suppliers.
location and navigation problems to improve the work  crjl indicates the distance from jto 1 for route r.
nature and to fulfill the client requirements. However, this  cm denotes the navigation expense per unit distance.
method could not produce best results for a large scale (¢ denotes the Routing dispatching cost.
network. A express the ordering expense per order.

[13] represented a shipment model with specified C denotes the capacity of the supplier.
number of vehicles and quantity in the view of V denotes the Routing capacity.
minimizing the travel cost, lease of the vehicle and & denotes the Production rate per unit.
stoppages of the vehicle with the feasible reserves. Yet h denotes the Holding rate per period.
this approach provides good result only if the vehicle cost i denotes the index of dealers.
is in acceptable level. r denotes the index of routes.

T, denotes the restoration time of route r.

V; describes the retailer set for route r.
1.2 Problem definition Oimax Notifies the upper limit fory, dealer requirement

per day.

It can be seen that the previous research works have made qgimin notifies the lower limit foiiy, dealer requirement
an efficient supply chain management by properlyper day.
designing and modifying the supply chain network. The yi max notifies the upper limit foriy, dealer
literary works perform network design via minimizing an requirement in the planning phase.
objective function, which includes transportation cost,  Yimin notifies the lower limit foriy, dealer requirement
production cost, opening/closing plant cost, andin the planning phase.
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Xrjl if point j immediately precedes point 1 on route r; 2 Proposed method
0 otherwise
In this work, we have intended to solve all the drawbacks
that persist in the current literary works. As the first step,
1.4 Distribution Center Cost (DCC) the current objective function is modified and is
considered as a multi objective problem. The proposed

. function initially minimizes the transportation cost,
DCC represent the connection between the rate and Ioag;oduction cost, opening/ closing plant cost and

E)ercﬂltglrfeyzg?R)Igi:ﬁit(?;ﬂugr:r:so?tshueaggni%gﬂge‘ltﬁg 32$g§3 istribution centers costs in supply chain network. Unlike
creed for the retailer is given by ' conventionally _developed ObjeC'tIV(?. function, the
proposed function offer equal significance to every
individual function model. To solve this, a new modified

I pi=ai— by (1) heuristic algorithm is proposed, which design an efficient
Since, supply chain network. In the next steps, the course of
- . actions is taken in enhancing the other heuristic algorithm
Yi = WX () . . . . A

that is engaged in solving general multi objective
The demand function gets transformed into problems. Subsequently, provisions are added in the
proposed heuristic algorithm to design an efficient route

pi = & — biwg (3)  for the supply chain by using a routing function. The
. defined routing function produces a robust performance in
Hence, the return of each day will be both static and dynamic distribution centers in the supply
chain management. Later, the objective models and the

Pig = aiq, — biwef (4)  algorithms will be implemented in the working platform

of MATLAB and the performance will be evaluated using
a fulfilled validation analysis. This paper suggests a
1.5 Transportation cost gratifying approach to improve the basic solution through
two procedures namely inventory routing improvement
Transportation Costy , denotes the total expense in Procedure and pricing improvement procedure. The
travelling and dispatching the products. former improvement is established by using tabu search
involving VLNS and GENI which are surrounding the
search approach.
TransportationCost perday SR =5\~ 1°”'XT7$'““”
) : :
The inventory routing and pricing problem is 2.1 Layout of inventory routing enhancement
formulated as follows:
Inventory routing reformation strategy is depicted in Fig.
SN crjl xem+ ¢ 1. The procedure is as follows

Maxsiy (aigi — biwef) — 1 4 T
f

x Xrjl+

_ A _ Tixgxh Step 1: Initially a candidate shift (from the initial soloti
Ziew 0 X G+ Tt 2iev =51 X010 the candidate solutionl) is created by any one of
(6) the following surrounding investigation method
such that (1) VLNS  (2) GENI
Qimin < 0 < Oimaxi =1,...,N . L
N Step 2: Check whether the constraint for navigation
2iZWXx g <cC capacity is disrupted or not. If the constraint is violated
SewG X T <vr=1,..R once again perform step lelse perform step 3.
SNl rjl =1,j=1,..,N+1 Step 3: Validate whether there is any shift in the tabu list.
=1 ) 9 ) . . . . .
If there is a shift in the list implement step 1 else
ZjEVrU{N+1}Z|EVrU{N+1}Zf=1 xrjl >1,V(v, V) implement the following updation
(1) Updatex® = X1, TP(X%) = TP(X1),
Sl =5 xrj=0r=1,.,RI=1,.,N+1 (2) Update the tabu list.

ai > 0, (Nonnegativeconstraintandinteger=1,...,N Step 4: Analyze whethéF P(X!) is greater thafl P(X*).
; ; If yes, complete the following
Xrjl € {0,1}Vj,l €s,¥r eR (1) Updatex* = XI, TP(X") = TP(XY)
The main aim is to achieve maximum profit in the supply  (2) Generate a candidate move using the last selected
chain network. neighborhood search approach
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(3) Go to step 2.
If no, stop the process.

START

= usingons

122 cand gons of
| {1 VLNS {3 GENT

1 Update X" = X' TB(X ) = TR
2 Ganrats 2 candidats Sove usingthe
Lzt salectad nsighboumood spprosch

1 Update X=X, THH ) = TREY
2 Update the 2l list

Fig. 1: Flowchart for improving the inventory routing

2.2 Layout for rate correction

The procedure for rate correction is as follows
Step 1: Load K=1

Step 2: Perform the following
(1) Randomly choosK x aretailers(a= [N/10]).
(2)Randomly select an integeZ; (negative or
positive) from U —(qimaxgqi"“”),(qimaxgqim‘")} for each
selected dealer i.

(3) Add the numberz; to the requesty of each
corresponding retailer i.

Else move on to next step.

Step 6: Audit whether the maximum value for K is
reached or not. If maximum value is reached stop the
process. Otherwise

(1) Set K=K+1.

(2) Go to step 2.

Fig. 2 shows the steps for improving the rate.

Fig. 2: Layout of rate correction algorithm

3 Results

For the evaluation purpose, the heuristic problems are
divided into two types based on the capacity such as small
size problems and large size problems.

The specifications for small range problems are listed
in Table 1. For small range problems, the intercept value
should be chosen from a closed interval value of 18 to 21
and the slope should be in the closed interval of 0.03 to

Step 3: Check whether the constraint for navigationg,08. Supplier capacity can be of any value but the
capacity is disrupted or not. If the condition is violated travelling must be less than or equal to 100.

perform step 2 else perform next step.

The output for small range problem based on the
proposed method and the existing methods are given in

Step 4: Compute whether there is any shift in the tabu listTaple 2. Initially, the number of dealers was chosen to 3

If yes move to step 2 else implement the following
(1) Updatex® = X1, TP(X%) = TP(X?)
(2) Update the tabu search.

Step 5: Review whetheF P(X?) is greater thaim P(X*)
or not. If TP(X?) is greater tharil P(X*), perform the
following

(1) Updatex* = X1, TP(X*) = TP(X1),

(2) Set k=1, (3) go to step 2.

and 5 for a claim of products ranging from 1 to 10 and 1
to 20. Subsequently the best solution for the specified
range was generated first and then the results for other
satisfactory approaches were obtained. The average gain
and the processing time for each method were collected
and compared.

The analysis of variance for small problems has been
done in order to determine the mean difference between
the three approaches which is highlighted in Table 3.
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Table 1: Specifications for small problems

Parameters Values
ai u[18,21]
bi u[0.03,0.08]
Routing Capacity 100
Supplier Capacity Infinity
Dispatching Cost 25
Distance Cost 1
Ordering Cost 250

Table 2: Output for small problems

Retailer| Demand |Optimal solution H1 H2 H3
number| range [Averagd CPU |AveragdCPU CPUAveragdCPU
(Glimin: Gimax)| profit | (s) | profit | (S)| profit| (s) | profit | (s)
3 [1,10] 73.06| 2.04 | 73.06|0.89 64.76|1.56| 16.04 |0.11]
5 [1,10] 143.84| 420.24 | 143.84(1.65(114.492.37| 28.78 |0.17
3 [1,20] 73.16| 19.03 | 73.16 (1.72| 67.46|1.64 16.98 [0.12
5 [1,20] 146.76|30937.41146.76(2.71(116.482.32| 29.79 |0.19

suppliers and dealers and with the help of mean
difference, the standard error has been formulated and
provided in Table 4.

Table 4: Determination of standard error

Method | Method Mean Std.error | Sig
0] J) difference (1-J)

H1 H2 18.44715 | 5.3270205 .002

H3 55.142263 | 5.3270205 .000

2 H1 -18.414175 | 5.3270205 .002

H3 36.701988 | 5.3270205 .000

H2 H1 -55.142236 | 5.3270205 .000

H2 -36.701988 | 5.3270205 .000

Based on the observations, we have found the value of
R2 as 0.781.The convincing value of the mean difference
is found at 0.05 level.

Similarly the analysis of variance for large problems
also have been computed and listed in Table 5.

Different sources such as dependent variable profit, )

corrected model, intercept, etc. have been considered and Conclusion

their sum of squares and mean square has been computed.

Certain number of values can change even after the finaln this research paper a practical satisfactory method for
evaluation, which is represented as df and f denotes théhe inventory routing and rate fixing problem has been
occurrence of null distribution.

Table 3: ANOVA and various comparisons for small range

developed to increase the performance of the supply chain
network. It is concluded that when the slope of the
requirement pattern decreases, the navigation capacity or
the supplier capacity increases thereby increasing the
average profit of all the gratifying methods. Similarly

problems when the routing capacity or supplier capacity increases,
Source ANOVA _ the middling CPU time decreases. The suggested
Sumof |df| Mean f sig
squares square
Dependent variable
profit Table 5: ANNOVA and various comparisons for larger range
Corrected 149557.984 11| 10488.147 25.520 |.000 problems
model Source ANOVA
Intercept 806168.035 1 |806168.058.350.657.000 Sum of df Mean f sig
Method 60302.918| 2 [35101.909 56.140 |.000 squares square
Number 80600.427| 1 | 80600.247 152.291].00Q Dependent variable
Range 187463 | 1 | 187.643 | 0381 |547 cgrrr?eﬂctted 1228876.752| 17| 7533462.983| 718.589.000
Methodsnumber | 5467.934 | 2 | 2738.247| 5.190 |.008 model
Methodrange | 19.626 | 2| 9.336 | .017 |.938 Intercept  |384835915.3681 |388345915.3869258 232000
Numberrange | 12,995 | 1| 12995 | 0.22 |.81§ Method 6244230.763| 2 | 3121512.193| 322.050|.00Q
Methodinumber | 16.204 | 2| 8.201 0.15 |.968 Number  |117800062.7802 |59003513.39()6105.611/.00]
srange Range 68725.224 | 1 | 68725.224 | 7.370 |.009
Error 67073.624(108 526.843 Methodnumber | 32.30447.196 4 | 818216.551| 84.521 |.00(
Total 1067592.25R 20 Methodirange 20194.035 | 2| 10452.265 | 1.620 |.348
Corrected | 215713.2758119 Numberrange | 15799.152 | 2 | 7989.806 829|434
total Methodknumber | 11411.819 | 4 2787.547 .288 [.885
xrange
Error 1533637.790[162  9605.922
Total 513444551.99180
Corrected  |128599095.63379
The mean difference for the three satisfactory total
methods has been computed for the prescribed number of
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heuristic method is better than two other existing heuwristi | J. Anix Jod Singh
methods since it make the inventory, routing and pricing is a Research scholar in the
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