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Abstract

Inventory routing problems are one of an important tool to be used for implementing vendor
manage inventory where a vendor sets their delivery route and quantity of their products
at each retailer to minimize transportation and inventory cost. Many researchers try to
develop methods for solving inventory routing problem, however, only a few of them develop
methods for inventory routing problems for deteriorating items. In this paper, we develop
a model and methods to solve the inventory routing problem for deteriorating items with
dynamic demand and spoilage rates. We develop a Genetic Algorithm and Particle Swarm
Optimization to solve the problem with various demands in a specific planning period. A
sensitivity analysis is conducted to verify the model and to get management insight into
the model. The result is interesting where dynamic demands result in higher inventory cost
than static demands and increasing demand result in increasing inventory cost. Increasing
demand and deteriorating rates significantly affect the total cost.

Keywords: Inventory, spoilage, dynamic demand, Genetic Algorithm, Particle Swarm Op-
timization

INTRODUCTION

Inventory Routing Problem deals with inventory and distribution issues since both costs
are dominant cost in the supply chain (|4] and [12]), therefore many organizations try to
streamline stock holding and transportation expenses. The IRP is an optimization inventory
problem for some stores by considering transportation costs. The goal of IRP is transporta-
tion and inventory minimization [16]. For more than 30 years, many researchers have given
attention to the IRP and there are many variations of models and solutions that have been
studied [3]. The IRP model includes IRP with the continuous move was introduced by [14].
Aghezzaf and Landeghem [1] developed IRP with multi-tours, and then stochastic demand
IRP was introduced by [6] and Liu et.al. [9] developed an IRP model with time windows.

Recently many IRP models consider perishable items since perishable items are relevant for
some important commodities such as fruits, vegetables, and meats. Perishable items have a
random lifetime regarding environmental conditions such as temperature and humidity, the
uncertainty of transportation time, and harvest time [8]. Azadeh et. al. [1] developed an IRP
problem with perishable items and single vendor. The items can be sent from one store to the
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other store, and the used Genetic Algorithm and the Taguchi Method to solve the problem.
A similar model for perishable items was developed by [5], however, they did not consider
transshipment between stores. They used Genetic Algorithm to solve the model. Hu et.al.
[7] developed a simple IRP for perishable items and they developed decomposition and local
search methods as efficient methods for solving the problem. Widyadana and Irohara [15]
developed an IRP model by considering perishable items and time windows. In the model,
items are not only deteriorated during storing period in warehouses but the items are also
deteriorating during the transportation period. An IRP problem with deteriorating items
was also developed by [11]. Instead, only use one objective, they considered multi-objective
by regarding environmental issues in their model.

In this model, we developed an IRP problem based on [2| and introduce dynamic demand
instead of static demand since dynamic demand is more realistic. Since the problem is an
NP-hard problem, Genetic algorithm and Particle Swarm Optimization are used to solve the
problem. The Genetic Algorithm is one effective method to be used for solving IRP problems
[2] and [5]. The other effective metaheuristic method that is used to solve NP-hard problems
such as IRP problem is Particle Swarm Optimization [14] and [10].

MODEL DEVELOPMENT

We developed the Inventory routing model in this paper using on [2| with dynamic demand
and spoilage rate. Some assumptions that are used in this model are:

e Demand rate distribution during the replenishment period (7') is known.

e Deteriorating rate during replenishment period (7') is known

In this model we assume there is one product, one vendor and one delivery player with
multi-period. Notations that are used in this paper are:

Parameters:

h; : Inventory cost at store —¢

T : Replenishment period

: Numbers of store

d; (t) : Delivery volume from store 7 at period ¢
Sr; (t) : Deteriorating rate in store ¢ at period ¢
Spi (1) : Number of reject in store i at period ¢

Q : Delivery capacity

Cij : Delivery cost from store I to store j

C; . warehouse capacity at store i

Pr : Product price
I; (0) : Initial stock in store i



Variables

L; : Minimum stock in store 7
H; : Maximum stock in store i
1, if product delivered from store i to store j
X,L" (t) :
0, otherwise
q (t) : Product quantity delivered to store ¢ at period ¢
, T M T M
MinZ = Dotmt 2uim ili (t)  + Prys_ 30 Spi(t) + (1)

T M M
Dimt Qi Zj:i+1 ¢i;Xij (t)

Constraints:
L(t)=L(t—-1)—Sp;(t—=1)4+¢q (t) —d; (t) i1=1.M;t=1.T (2)
Spi () = Sry () L; (1) i=1.M;t=1.T (3)
L(H<C i=1.Mt=1.T (4)
Lt)>L; i=1.M;t=1.T (5)
M

dat)<Q t=1.T (6)

M o M
X)) =) Xu() j=1LMt=1.T (7)

i—0 i=0
X, (t) € {0,1 i=1.M;j=1.M;i# jit=1.T (9)
Sr; (t) € {0%, ..., 100% i=1.M;t=1.T (10)
T,M € {0,1,2,3,... (11)
hi,d; (t),Q,Ci, I; (t), Ly, My, q; (t) >0 (12)

The objective function is shown in Eq. 1, where the total cost consist of inventory cost,
reject cost and delivery cost. Equations 2 to 12 show the model constraints. Stock quantity
in period t depend on quantity of stock from previous period, number of rejected stock,
incoming and outgoing product ( Eq. 2). Eq. 3 shows rejected quantity is equal to rejected
rate times quantity of stock. Maximum stock quantity every period cannot overcome store
capacity (eq. 4). Stock quantity in every store every period must be bigger than minimum



stock (5). Delivery quantity of each vendor is equal to capacity delivery to all store (6).
Whenever there is delivery from i to j, then the vehicle will outbound from j (7). Eq. 8
shows delivery quantity when number of stock less than the maximum stock.

0.1 Genetic Algorithm

Genetic algorithm used in this paper is a simple GA with:

1) Chromosome representation

retail number
1 2 3 4 k] 1 2 3 4 3
5 2 3 8 7| 8 5 4 10 9
Minimum Stock Maximum Stock

Chromosome represents three variables which are minimum stock, maximum stock,
and routing for each period. Minimum and maximum stocks are represented using
integer values as shown in Figure 1. Notation for the minimum stock is L; and the
maximum stock is M;.

Figure 1. Minimum and maximum stock chromosome

The third variable is delivery routing for each period. A chromosome is represented
by integer values that show the sequence of the store that are visited by the vehicle.
When one store is not visited due to enough stock, then the chromosome is represented
by zero (0). Chromosome for vehicle routing can be seen in Figure 2.

Retail Number
3

period
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Figure 2. Chromosome representation for vehicle routing

2) Fitness function and selection

The GA fitness function is derived from equation 1 and parents selection is using
roulette wheel rule where chromosome with less fitness value has a higher possibility
to be chosen as parents.



3) Crossover

The Crossover method that is used in this paper is a one-point crossover.
4) Mutation

The Mutation process is done inside of one chromosome where each cell has 40%
possibility to be mutated. When a cell is chosen to be mutated, it changes randomly
between a specific minimum and maximum values.

5) Elitism

Elitism is a process to keep the best chromosome in each generation automatically
become an offspring in the next generation.

6) Stopping criteria

Stopping criteria set the GA method to be stopped. In this paper stopping criteria is using
a predetermined number of generations.

0.2 Particle Swarm Optimization

Particle Swarm Optimization algorithm works as particles move together to follow the po-
sitions that have been found so far. Some important things that have to be set up to get
good PSO are particle representation, position, velocity, fitness function, global best, and
local best.

1) Particle representation

Particle representation for minimum and maximum stock is similar to chromosome
representation in GA, however, vehicle routing representation is different. PSO uses
float values instead of the sequence as shown in GA. Particle representation for vehicle
routing is shown in Figure 3. The sequence of the vehicle will follow the particle from
the lowest to the highest values where value 0 shows that the retail is not visited at
that period. For example route for the vehicle in period one in Figure 3 is from the
vendor to stores 4-2-5 and return to vendor.




Figure 3. Particle representation of vehicle routing

2) Particle velocity

Particle velocity will be updated at every iteration to move every particle closer to the
best particle in local and global position. The velocity for each particle can be updated
using equation 12.

k+1
%

oFt = wof + erand; x (pbest; — pf) + corandy x (gbest — pf) (12)

Where the gbest is the best particle position for all previous iteration and pbest is the
position of a particle from the previous iteration.

3) Particle position

The later position of each particle is moved with his velocity as shown in equation
13.Particle position

Later position of each particle is moved with his own velocity as shown in equation 13.
pitt =l ot (13)

4) Fitness value

The fitness value is similar to the GA fitness value, where the fitness value is derived
from equation 1.

5) The best solution and stopping criteria

The best solution is derived form the best solution from the last iteration where the number
of iteration is determined at advanced.

A NUMERICAL EXAMPLE AND RESULT

The numerical example uses the main data from data generation. There are two types of
demand, the first case is dynamic demand and the second case is static demand. Demand
data is generated uniformly from 20-60. The other data such as distance, inventory cost,
warehouse capacity at each store, initial stock, delivery capacity, and product price are
generated consecutively 10, 5, uniform [20 - 50], uniform [10 - 25], uniform [60 - 100], uniform
[60 - 100], 750, and 40.

We set varies of population size and the number of iterations to get the best parameter for
the Genetic Algorithm for both cases. The best fitness function for case 2 is shown in Figure

4.



Figure 4. The best fitness value for case 2 with 250 Iteration and 140 population

Figure 4 shows that the GA is not trapped to local optimal easily. The two cases show that
at least the solutions convergent at the 200th generation. We set the number of generations
is equal to 250 to guarantee that the solution has been convergent and the best solution is
18.65% less than the initial fitness value. Therefore the GA result in significant improvement
compares to the initial solution.

For the PSO there are 32 combinations of the population (P), iteration (G), and cases. The
best solution for case 1 is derived from 250 iterations and 140 population. The best fitness
values for case 1 is shown in Figure 5. The solutions show that the longest iteration for
getting the best fitness values convergent is 198 iteration, therefore we set the number of
iteration is 250 to guarantee that the best fitness value has been convergent. The best fitness
value of PSO is 32.14% better than the initial solution.

Figure 5. The PSO best fitness value for case 1 with 250 Iteration and 140 population

The best solution for case 1 and case 2 for GA and PSO are shown in Table 1. The table
shows that the PSO outperforms GA in terms of the best fitness value and computation
time, therefore we use PSO to get management insight of static and dynamic demand.

Table 1. The optimal values and running time of GA and PSO

Optimal Cost Running Time (s)
Simulation GA PSO GA PSO
Case 1 45123 44296,6 3311 2850
Case 2 41297,2 41058,6 3281 2659
Case 3 32568 32164,4 3587 3226

0.3 Table 2 shows a comparison between case 1 with dynamic de-
mand and case 2 with static demand. The table shows that
dynamic static has less inventory cost but higher spoilage cost
and delivery cost, however, the spoilage and delivery cost is not
significantly. Case 1 has a higher cost than case 2 since stores
have to keep more stocks to prevent lost sales. The dynamic
demand results in a 9.1% higher inventory cost than static de-
mand. Therefore, important for organizations to keep demand
as stable as possible in each period to reduce inventory cost.

Table 2. Fitness values for case 1 and case 2



Demand Case 1

Demand Case 2

Demand Case 3

Holding Cost ~ 35362.6  Holding Cost 324214 Holding Cost 25091.2
Spoilage Cost 8032 Spoilage Cost 8096  Spoilage Cost 6472
Route Cost 737.8  Route Cost 795 Route Cost 763
Penalty 0 Penalty 0 Penalty 0
Fitness Value 441324  Fitness Value 413124  Fitness Value 32326.2

A sensitivity analysis is used to evaluate the effect of spoilage rate to the total cost. We use
spoilage rate 5% , 7% , and 9% and keep all parameters at the same values. The sensitivity
analysis result is shown in Table 3.

Table 3. Fitness values for varies of spoilage rate

Spoilage Rate 5% Spoilage Rate 7% Spoilage Rate 9%

Holding Cost 23382.4 Holding Cost 24292 Holding Cost 25069.6
Spoilage Cost 3840 Spoilage Cost 4824 Spoilage Cost 5376
Route Cost 808 Route Cost 902 Route Cost 699

Fitness Value 28030.4 Fitness Value 30018 Fitness Value 31144.6

Table 3 shows an increasing 2% spoilage rate form 5% to 7% result in increasing holding costs
from 3% to 4% and increasing spoilage cast from 11% to 26% . It shows that the spoilage
rate significantly affect holding cost and spoilage cost, therefore this model is suitable to
be used for items with high spoilage cost such as vegetables, fruits, and meats. For the set
parameter values determined in this numerical example, the holding cost is the highest cost
for the fitness values.

CONCLUSION

Inventory routing problem is one important model to be used in the vendor manage inventory
scheme, where the vendor delivers and keeps his stock to some retail stores. In this paper,
IRP for spoilage items since spoilage items such as fruits and vegetables are common and
reality. Instead of considering static demand, this paper considers dynamic demand. The
model is an NP-hard problem therefore Genetic Algorithm and Particle Swarm Optimization
are developed to solve the problem. Both methods are effective to solve IRP problems.
A numerical example is used to compare the performance of both methods. The results
show that the PSO outperforms GA in terms of solution quality and computation time and
the total cost for dynamic demand is 9% higher than the total cost of static demand. A
sensitivity analysis is conducted to analyst the effect of spoilage rate to the total cost. The
sensitivity analysis shows that the spoilage rate significantly affects the total cost. The
numerical example and sensitivity analysis show that this model is very important to be
used to handle spoilage items and dynamic demand. This paper assumes that there is no
transshipment between stores, therefore the next research can consider transshipment since
transshipment is common to be used by some retail stores to reduce costs. The other future
research by considering environmental issues for delivering items.
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Title of the Paper: An inventory routing problem for deteriorating items with dynamic demand and spoilage rate

Paper Id:
Reviewer’s Name: xyz

‘ Aspect Behaviour
‘ Yes No Remarks
The summary is informative, and it has N Abstract does not seems to be
summary and abstract appropriate
It has the key words in English, and these are N There are no key words
informative
It proposes a code of the MSC and this is N There is no MSC code
correct

The reported bibliography is referred in the | Y
text

The bibliography referred in the text is | Y
reported

The reported bibliography is adequate and | Y

actual
The title is informative and correct N
The paper is a theoretical contribution N

The paper is an original application

The paper contributes with at least an N
original and important algorithm

The formulas and algorithms are well 'Y
formulated

The writing is good and there are not spelling | Y

mistakes

Detailed Review:

It is sufficient

Title unable to express - What is new in

the proposed paper?

Up to some extent well formulated but

still not able to present properly

Abstract There are no key words.

l#.Text Box: 1. Abstract is not clear and does not appeal to read the paper. 2.

Literature survey l#.Text Box: 1. Reference [1] is referred twice with different author names in

literature survey. 2. Contribution of authors is not written systematically.

l#.Text Box: 1. General theory of GA and PSO is mentioned. 2. All the tables
Model and results are in picture format. 3. Units for numerical data is missing. 4.
Transportation cost is not considered which need to be included in any IRP. 5.

Structure of sentences are not appropriate at many places.




l#.Text Box: 1. There is no concrete interpretation or conclusion made from the

Interpretations model.

l#.Text Box: 1. Application and usage of the model and results for managerial

Results point of view are not discussed.

Recommendations to the editor:
Criteria Y/N

Accept as it is N

Accept with minor revision N

Accept with major revision Y

Reject N

Results Needs major revision

Title of the Paper: An inventory routing problem for deteriorating items with dynamic demand and spoilage rate
Paper Id: YUJOR_19

Reviewer’s Name:

‘ Aspect Behaviour

‘ Yes No Remarks
The summary is informative, and it has | yes
summary and abstract
It has the key words in English, and these are | Yes
informative
It proposes a code of the MSC and this is Not given
correct
The reported bibliography is referred in the | Yes
text
The bibliography referred in the text is @ Yes
reported

The reported bibliography is adequate and | Yes

actual

The title is informative and correct Yes

The paper is a theoretical contribution No It has a practical application
The paper is an original application Yes

The paper contributes with at least an | Yes

original and important algorithm

The formulas and algorithms are well | Yes

formulated

The writing is good and there are not spelling | Yes Please correct typo error

mistakes

Detailed Review:

l#iText Box: Abstract described whole paper

Abstract

Literature

survey

Model




Interpretations

Results

Please specify GA and PSO parameters value (population size, mutation and crossover rate,
maximum generation, inertia weight, c1, c2 etc.). Also mention the software/tool used for

execution of the algorithm.

Recommendations to the editor:

Criteria

Y/N

Accept asitis

Accept with minor revision | Y

Accept with major revision

Reject

Results
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Special Issue YUJOR <specialissueyujor@gmail.com> Mon, Jun 22, 2020 at 1:21 PM
To: | Gede Agus Widyadana <gede@petra.ac.id>

Congratulations!

You are requested to submit the Final Version of the paper. You are required to follow the following points before the final

submission:

1- Follow the guidelines of the Journal for final submission:

http://yujor.fon.bg.ac.rs/index.php/yujor/about/submissions

2-  Your paper must have less than 15% plagiarism. It must be less than 5% from one link. Kindly submit Plag. report with
final version.

3-  You are required to submit Latex file of the final version of the paper. Paper length must not be more than 10 pages.
Additionally, you must follow the copyright rules and regulation like:

“The copyright includes ideas, figures, data, etc. of the research in the paper; changing just a part of the text is not enough to
change the original copyright if the expanded/changed paper still has figures, data, ideas, etc. from the research already
published in the original paper.

Kindly submit your final version of the paper on or before 3 days. Final version of the paper will not be accepted if the above three
points will not be followed in the final version.

Note: When we will get final versions of all the papers then we will send those papers to the chief editor for final approval.

With best regards

Editor(s)
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On Sat, May 23, 2020 at 10:27 PM Special Issue YUJOR <specialissueyujor@gmail.com> wrote:

Special Issue YUJOR <specialissueyujor@gmail.com>

to saurabhpanwar89, vivekrajput.du.aor, pkkapur1

Top Urgent:

Dear Author(s)

We have received review comments for your submitted paper. Kindly revise your paper as suggested by

the reviewers.

Sat, May 9, 3:01 PM

You are requested to submit the following within 15 days:
1. Responses to reviewer’s comments separately in a file
2. Revised doc file after highlighting reviewers’ response

3. Latex file as per YUJOR template

Kindly acknowledge this email.

Find below reviewers’ comments.

Title of the Paper: An inventory routing problem for deteriorating items with dynamic demand and spoilage rate

Paper Id:
Reviewer’s Name: xyz

‘ Aspect

The summary is informative, and it has
summary and abstract

It has the key words in English, and these are
informative

It proposes a code of the MSC and this is
correct

The reported bibliography is referred in the
text

The bibliography referred in the text is
reported

The reported bibliography is adequate and
actual

The title is informative and correct

The paper is a theoretical contribution

The paper is an original application

The paper contributes with at least an
original and important algorithm
The formulas and algorithms are well
formulated

The writing is good and there are not spelling

mistakes

Behaviour
Yes No Remarks
N Abstract does not seems to be
appropriate
N There are no key words
N There is no MSC code
Y
Y
Y It is sufficient
N Title unable to express - What is new in
the proposed paper?
Y Up to some extent well formulated but
still not able to present properly
Y


mailto:specialissueyujor@gmail.com
mailto:specialissueyujor@gmail.com
mailto:specialissueyujor@gmail.com

Detailed Review:

L Text Box: 1. Abstract is not clear and does not appeal to read the paper. 2.

Abstract There are no key words.

Literature survey l=.Text Box: 1. Reference [1] is referred twice with different author names in
literature survey. 2. Contribution of authors is not written systematically.

L= Text Box: 1. General theory of GA and PSO is mentioned. 2. All the tables
Model and results are in picture format. 3. Units for numerical data is missing. 4.
Transportation cost is not considered which need to be included in any IRP. 5.

Structure of sentences are not appropriate at many places.

L. Text Box: 1. There is no concrete interpretation or conclusion made from the

Interpretations | model.

L= Text Box: 1. Application and usage of the model and results for managerial

Results point of view are not discussed.

Recommendations to the editor:
Criteria Y/N

Accept as it is N

Accept with minor revision N

Accept with major revision Y

Reject N

Results Needs major revision

Title of the Paper: An inventory routing problem for deteriorating items with dynamic demand and spoilage rate
Paper Id: YUJOR_19

Reviewer’s Name:

‘ Aspect Behaviour

‘ Yes No Remarks
The summary is informative, and it has  vyes
summary and abstract
It has the key words in English, and these are | Yes
informative
It proposes a code of the MSC and this is Not given
correct
The reported bibliography is referred in the | Yes
text
The bibliography referred in the text is @ Yes
reported
The reported bibliography is adequate and | Yes
actual
The title is informative and correct Yes
The paper is a theoretical contribution No It has a practical application

The paper is an original application Yes



The paper contributes with at least an | Yes

original and important algorithm

The formulas and algorithms are well @ Yes

formulated

The writing is good and there are not spelling | Yes Please correct typo error

mistakes

Detailed Review:

l#.Text Box: Abstract described whole paper
Abstract
Literature
survey
Model
Interpretations
Please specify GA and PSO parameters value (population size, mutation and crossover rate,
Results maximum generation, inertia weight, c1, c2 etc.). Also mention the software/tool used for
execution of the algorithm.

Recommendations to the editor:

Criteria Y/N

Accept as it is

Accept with minor revision Y

Accept with major revision

Reject

Results
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Editor(s)
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Subject: Yujor paper Gede

Dear Prof. Mandeep,
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Gede

1

L

by

L

| Gede Agus Widyadana <gede@petra.ac.id> Thu, Jul 2, 2020 at 10:57 AM
To: Special Issue YUJOR <specialissueyujor@gmail.com>
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On Mon, Jun 22, 2020 at 1:20 PM Special Issue YUJOR <specialissueyujor@gmail.com> wrote:
Congratulations!

You are requested to submit the Final Version of the paper. You are required to follow the following points before the final

submission:

1- Follow the guidelines of the Journal for final submission:
http://yujor.fon.bg.ac.rs/index.php/yujor/about/submissions

2-  Your paper must have less than 15% plagiarism. It must be less than 5% from one link. Kindly submit Plag. report with
final version.

3-  You are required to submit Latex file of the final version of the paper. Paper length must not be more than 10 pages.
Additionally, you must follow the copyright rules and regulation like:

“The copyright includes ideas, figures, data, etc. of the research in the paper; changing just a part of the text is not enough to
change the original copyright if the expanded/changed paper still has figures, data, ideas, etc. from the research already
published in the original paper.

Kindly submit your final version of the paper on or before 3 days. Final version of the paper will not be accepted if the above three

points will not be followed in the final version.

Note: When we will get final versions of all the papers then we will send those papers to the chief editor for final approval.

With best regards
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Dr. Mandeep Mittal, +91 9891402516
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On Fri, Jun 19, 2020 at 9:08 AM | Gede Agus Widyadana <gede@petra.ac.id> wrote:
Thank you for valuable feedback dan sorry for my late response. | have a problem for using Yujor Latex template, therefore in this attachment, |
convert from word to latex using converter website and still trying to use Yujor Latex format. | put my revision in blue characters.

Best regards,
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On Sat, May 23, 2020 at 10:27 PM Special Issue YUJOR <specialissueyujor@gmail.com> wrote:

Special Issue YUJOR <specialissueyujor@gmail.com> Sat, May 9, 3:01 PM
to saurabhpanwar89, vivekrajput.du.aor, pkkapur1

Top Urgent:
Dear Author(s)

We have received review comments for your submitted paper. Kindly revise your paper as suggested by
the reviewers.

You are requested to submit the following within 15 days:
1. Responses to reviewer’s comments separately in a file
2. Revised doc file after highlighting reviewers’ response
3. Latex file as per YUJOR template

Kindly acknowledge this email.

Find below reviewers’ comments.

Title of the Paper: An inventory routing problem for deteriorating items with dynamic demand and spoilage rate
Paper Id:
Reviewer’s Name: xyz

‘ Aspect Behaviour

‘ Yes No Remarks
The summary is informative, and it has N Abstract does not seems to be
summary and abstract appropriate
It has the key words in English, and these are N There are no key words

informative

It proposes a code of the MSC and this is N There is no MSC code
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correct

The reported bibliography is referred in the | Y

text

The bibliography referred in the text is | Y

reported

The reported bibliography is adequate and | Y It is sufficient

actual

The title is informative and correct N Title unable to express - What is new in

the proposed paper?

The paper is a theoretical contribution

The paper is an original application

The paper contributes with at least an

original and important algorithm

The formulas and algorithms are well Y Up to some extent well formulated but

formulated

still not able to present properly

The writing is good and there are not spelling | Y

mistakes

Detailed Review:

Abstract

le.Text Box: 1. Abstract is not clear and does not appeal to read the paper. 2.
There are no key words.

Literature survey

l#.iText Box: 1. Reference [1] is referred twice with different author names in

literature survey. 2. Contribution of authors is not written systematically.

Model

le.Text Box: 1. General theory of GA and PSO is mentioned. 2. All the tables
and results are in picture format. 3. Units for numerical data is missing. 4.
Transportation cost is not considered which need to be included in any IRP. 5.

Structure of sentences are not appropriate at many places.

Interpretations

l#.Text Box: 1. There is no concrete interpretation or conclusion made from the
model.

Results

le.Text Box: 1. Application and usage of the model and results for managerial
point of view are not discussed.

Recommendations to the editor:

Criteria

Y/N

Accept as it is

N

Accept with minor revision N

Accept with major revision Y

Reject

N

Results

Needs major revision




Title of the Paper: An inventory routing problem for deteriorating items with dynamic demand and spoilage rate
Paper Id: YUJOR_19

Reviewer’s Name:

‘ Aspect Behaviour

‘ Yes No Remarks
The summary is informative, and it has @ yes
summary and abstract
It has the key words in English, and these are | Yes
informative
It proposes a code of the MSC and this is Not given
correct
The reported bibliography is referred in the | Yes
text
The bibliography referred in the text is | Yes
reported

The reported bibliography is adequate and @ Yes

actual

The title is informative and correct Yes

The paper is a theoretical contribution No It has a practical application
The paper is an original application Yes

The paper contributes with at least an | Yes

original and important algorithm

The formulas and algorithms are well @ Yes

formulated

The writing is good and there are not spelling | Yes Please correct typo error

mistakes

Detailed Review:

l#.Text Box: Abstract described whole paper
Abstract
Literature
survey
Model
Interpretations
Please specify GA and PSO parameters value (population size, mutation and crossover rate,
Results maximum generation, inertia weight, cl, c2 etc.). Also mention the software/tool used for
execution of the algorithm.

Recommendations to the editor:

Criteria Y/N

Accept as it is

Accept with minor revision Y

Accept with major revision

Reject

Results




With best regards

Editor(s)

Special Issue YUJOR

Prof. Nita H Shah, +91 98252 61816
Dr. Mandeep Mittal, +91 9891402516
Dr. Vijay Kumar, +91 9891330520

On Mon, May 11, 2020 at 10:29 AM Dr. Mandeep Mittal <mittal_mandeep@yahoo.com> wrote:

With regards,

Dr. Mandeep Mittal
Associate Professor
Ph.D., Post Doc

Room No. 13, E 2 - 402
Department of Mathematics

Amity Institute of Applied Sciences
Amity University Noida
Sector-125, Noida

UP- 201313, India

Former Dean-SA (2006-2015)
Former Head- Department of Mathematics
Amity School of Engineering and Technology, Delhi

Mobile: +91-98-914-02516
E-mail: mmittal@amity.edu

Post-Doctoral Fellow: Hanyang University, South Korea (2015-2016)

----- Forwarded message -----

From: Ketua Prodi Magister Teknik Industri <kj-mti@petra.ac.id>
To: "mittal_mandeep@yahoo.com" <mittal_mandeep@yahoo.com>
Sent: Sunday, 10 May 2020, 11:55:01 pm GMT+5:30

Subject: Yujor paper Gede

Dear Prof. Mandeep,
Herewith | send my paper and sorry for my lateness.

Best Regards,
Gede

=
=

2 attachments

D Deteriorating_items_Yujor_Final.tex
39K

ﬂ yujor.pdf
1775K


mailto:mittal_mandeep@yahoo.com
mailto:mmittal@amity.edu
mailto:kj-mti@petra.ac.id
mailto:mittal_mandeep@yahoo.com
mailto:mittal_mandeep@yahoo.com
https://mail.google.com/mail/u/0/?ui=2&ik=dc0eb6b98f&view=att&th=1730da46af2e2736&attid=0.1&disp=attd&realattid=f_kc499df60&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=dc0eb6b98f&view=att&th=1730da46af2e2736&attid=0.1&disp=attd&realattid=f_kc499df60&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=dc0eb6b98f&view=att&th=1730da46af2e2736&attid=0.2&disp=attd&realattid=f_kc49bk2y1&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=dc0eb6b98f&view=att&th=1730da46af2e2736&attid=0.2&disp=attd&realattid=f_kc49bk2y1&safe=1&zw

fi‘}’% UNIVERSITAS

& }} KRISTEN | Gede Agus Widyadana <gede@petra.ac.id>
g’ PETRA

Urgent: Revision _19
3 messages

Dr. Mandeep Mittal <mittal_mandeep@yahoo.com> Thu, Aug 13, 2020 at 1:00 AM
Reply-To: "Dr. Mandeep Mittal" <mittal_mandeep@yahoo.com>
To: "l. Gede Agus Widyadana" <gede@petra.ac.id>
Dear Professor
Kindly send response sheet of the reviewers comments. We need response sheet for record. As per your email, you have written revisions are in
blue color characters but we need response sheet separately (MS word file) and revision file with blue color characters (MS word file). Your Tex file
is giving error now during compilation.

Plz send it on Top urgent basis.

Thank you for valuable feedback dan sorry for my late response. | have a problem for using Yujor Latex template, therefore in this attachment, |
convert from word to latex using converter website and still trying to use Yujor Latex format. | put my revision in blue characters.

Best regards,
Gede
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Special Issue YUJOR <specialissueyujor@gmail.com>
Sat, May 9, 3:01 PM

to saurabhpanwar89, vivekrajput.du.aor, pkkapur1
Top Urgent:
Dear Author(s)

We have received review comments for your submitted paper. Kindly revise your paper as suggested by
the reviewers.

You are requested to submit the following within 15 days:
1. Responses to reviewer’s comments separately in a file
2. Revised doc file after highlighting reviewers’ response
3. Latex file as per YUJOR template

Kindly acknowledge this email.

Find below reviewers’ comments.

Title of the Paper: An inventory routing problem for deteriorating items with dynamic demand and
spoilage rate

Paper Id:

Reviewer’s Name: xyz

‘ Aspect Behaviour
‘ Yes No Remarks
The summary is informative, and it has N Abstract does not seems to be

summary and abstract appropriate
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It has the key words in English, and these are
informative

It proposes a code of the MSC and this is
correct

The reported bibliography is referred in the
text

The bibliography referred in the text is
reported

The reported bibliography is adequate and
actual

The title is informative and correct

The paper is a theoretical contribution

The paper is an original application

The paper contributes with at least an
original and important algorithm

The formulas and algorithms are well
formulated

The writing is good and there are not spelling

mistakes

Detailed Review:

Y

N

N

There are no key words

There is no MSC code

It is sufficient

Title unable to express - What is new in

the proposed paper?

Up to some extent well formulated but

still not able to present properly

Abstract

Literature
survey

Model

Interpretations




Results

Recommendations to the editor:
Criteria Y/N

Accept as it is N

Accept with minor revision N

Accept with major revision | Y

Reject N

Results Needs major revision

Title of the Paper: An inventory routing problem for deteriorating items with dynamic demand
and spoilage rate

Paper Id: YUJOR_19

Reviewer’s Name:

Aspect Behaviour

Yes No Remarks
The summary is informative, and it has | yes
summary and abstract
It has the key words in English, and these are | Yes
informative
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Abstract

Inventory routing problems (IRP) are one of an important tool to be used for implementing
vendor manage inventory. Many researchers try to develop methods for solving inventory
routing problem, however, only a few of them develop methods for inventory routing problems
for spoilage items. In reality, many items are deteriorated and spoil during transportation and
storage period, but not many papers deal with them since they are hard to be modeled and solved.
In this paper, we develop a model and methods to solve the inventory routing problem for
deteriorating items with dynamic demand and spoilage rate. The model are more realistic since
many commodities such as fruits and vegetables have dynamic demand and spoilage rate. A
Genetic Algorithm and Particle Swarm Optimization are developed to solve the problem in a
specific planning period since the problem in an Np-hard problem. A numerical example for
dynamic demand and static demand and sensitivity analysis are conducted to verify the model
and to get management insights. The results show that PSO outperform GA in this model. The
other finding support general hypothesis that the dynamic demand has higher total inventory cost
than the static demand. The sensitivity analysis shows that increasing spoilage rate significantly
affect the total cost, therefore the model is significantly useful to be used to minimize total
inventory cost for IRP with dynamic demand and spoilage items.

Keywords: Inventory, spoilage, dynamic demand, Genetic Algorithm, Particle Swarm
Optimization

MSC code: 65K10

INTRODUCTION

Inventory Routing Problem deals with inventory and distribution issues since both costs are
dominant cost in the supply chain ([4] and [12]), therefore many organizations try to streamline
stock holding and transportation expenses. The IRP is an optimization inventory problem for
some stores by considering transportation costs. The goal of IRP is transportation and inventory
cost minimization [16]. For more than 30 years, many researchers have given attention to the
IRP and there are many variations of models and solutions that have been studied [3]. The IRP
model includes IRP with the continuous move was introduced by [14]. Aghezzaf and Landeghem
[1] developed IRP with multi-tours, and then stochastic demand IRP was introduced by [6] and
Liu et.al. [9] developed an IRP model with time windows.



Recently many IRP models consider perishable items since perishable items are relevant for
some important commodities such as fruits, vegetables, and meats. Perishable items have a
random lifetime regarding environmental conditions such as temperature and humidity, the
uncertainty of transportation time, and harvest time [8]. Hu et.al. [7] developed a simple IRP for
perishable items and they developed decomposition and local search methods as efficient
methods for solving the problem. The decomposition and local search is an efficient method,
however to get more effective solution, metaheuristic methods can be applied. A Genetic
Algorithm is used by [2] to solve an IRP problem with perishable items and single vendor. They
extended IRP model by setting transshipment from one store to the other stores. A similar model
and method for perishable items was developed by [5], however, they did not consider
transshipment between stores. Widyadana and Irohara [15] extended IRP models for perishable
items by considering deteriorated items and items are delivered under specific time windows. In
the model, items are not only deteriorated during storing period in warehouses but the items are
also deteriorating during the transportation period. The model are extended by [11], where they
considered multi-objectives by regarding environmental issues in their model instead of one
objective only.

In this model, we developed an IRP great model developed by [2] and introduce a new model
for solving more realistic condition. We use dynamic demand instead of static demand and
dynamic spoilage rate since difficult to predict spoilage rate for agriculture commodities such as
vegetables, meats and fruits. We develop a model that is more realistic to be applied for
agriculture items.

MODEL DEVELOPMENT

We developed the Inventory routing model in this paper using on [2] with dynamic demand and
spoilage rate. Some assumptions that are used in this model are:

e Demand rate distribution during the replenishment period (7) is known.

e Deteriorating rate during replenishment period (7) is known

In this model we assume there is one product, one vendor and one delivery player with multi-
period. Notations that are used in this paper are:

Parameters:
hi : Inventory cost at store 7 ($)
T : Replenishment period
M : Numbers of store
di(t) : Delivery volume from store i at period ¢

Sri (1) : Deteriorating rate in store i at period ¢



Spi (1)
Q
Cij
Ci
Pr

1;(0)

Variables
L;

H,;
Xij (1)

: Number of reject in store i at period ¢

: Delivery capacity (unit)

: Delivery cost from store i to store j ($)
: warehouse capacity at store i

: Product price ($)

: Initial stock in store i

: Minimum stock in store i
: Maximum stock in store 7

) {1, if product delivered from store i to store j

"0, otherwise

qi (¢)

: Product quantity delivered to store i at period ¢

MinZ = ZZhl (t) + Pr ZZSpl(t) + ii i cij Xi;(6) (1)
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h;, d;(t),Q,C;, 1;(t), L, M;, q;(t) = 0 (12)

The objective function is shown in Eq. 1, where the total cost consist of inventory cost, reject
cost and delivery cost. Equations 2 to 12 show the model constraints. Stock quantity in period t
depend on quantity of stock from previous period, number of rejected stock, incoming and
outgoing product ( Eq. 2). Eq. 3 shows rejected quantity is equal to rejected rate times quantity
of stock. Maximum stock quantity every period cannot overcome store capacity (eq. 4). Stock
quantity in every store every period must be bigger than minimum stock (5). Delivery quantity of
each vendor is equal to capacity delivery to all store (6). Whenever there is delivery from i to j,
then the vehicle will outbound from j (7). Eq. 8 shows delivery quantity when number of stock
less than the maximum stock.

Genetic Algorithm

Genetic algorithm used in this paper is a simple GA with:

a. Chromosome representation

Chromosome represents three variables which are minimum stock, maximum stock, and routing
for each period. Minimum and maximum stocks are represented using integer values as shown in
Figure 1. Notation for the minimum stock is Z; and the maximum stock is

retail number
1 2 3 4 5 i 2 3 4 5
I 5 2] 3] g] i g] 5 a1 q
M Minimum Stock Maximum Stock

Figure 1. Minimum and maximum stock chromosome

The third variable is delivery routing for each period. A chromosome is represented by integer
values that show the sequence of the store that are visited by the vehicle. When one store is not
visited due to enough stock, then the chromosome is represented by zero (0). Chromosome for
vehicle routing can be seen in Figure 2.

Retail Number
3

period

S-S R SR
slo|m|klo|e
rlo|ofo =
vlklelm|e
w e fw|w e
Elwlwlom]un

Figure 2. Chromosome representation for vehicle routing

b. Fitness function and selection



The GA fitness function is derived from equation 1 and parents selection is using roulette wheel
rule where chromosome with less fitness value has a higher possibility to be chosen as parents.

c. Crossover

The Crossover method that is used in this paper is a one-point crossover.

d. Mutation

The Mutation process is done inside of one chromosome where each cell has 40% possibility to
be mutated. When a cell is chosen to be mutated, it changes randomly between a specific
minimum and maximum values.

e. Elitism

Elitism is a process to keep the best chromosome in each generation automatically become an
offspring in the next generation.

f. Stopping criteria

Stopping criteria set the GA method to be stopped. In this paper stopping criteria is using a
predetermined number of generations.

Particle Swarm Optimization

Particle Swarm Optimization algorithm works as particles move together to follow the positions
that have been found so far. Some important things that have to be set up to get good PSO are
particle representation, position, velocity, fitness function, global best, and local best.

a. Particle representation

Particle representation for minimum and maximum stock is similar to chromosome
representation in GA, however, vehicle routing representation is different. PSO uses float values
instead of the sequence as shown in GA. Particle representation for vehicle routing is shown in
Figure 3. The sequence of the vehicle will follow the particle from the lowest to the highest
values where value 0 shows that the retail is not visited at that period. For example route for the
vehicle in period one in Figure 3 is from the vendor to stores 4-2-5 and return to vendor.

Retail MNumber
1 2 3 4 3
1| 0.0000 | 0.0304 | 0.0000)| 0.2966| 0.8210
2] 01087 | 0.0000( 0.4285| 0.4634( 0.0000
Period 3| 0.9760| 0.0000| 0.9267 | 0.7501| 0.7309
4
3

0.0000 | 0.0000| 0.83430 | 0.6561| 0.7343
0.0656 | 0.3006| 0.8366| 0.8283| 0.6171

Figure 3. Particle representation of vehicle routing

b. Particle velocity



Particle velocity will be updated at every iteration to move every particle closer to the best
particle in local and global position. The velocity for each particle can be updated using equation
12.

vi-”'l = wv¥ + cyrand; X (pbesti — p{‘) + cyrand, X (gbest - pi‘) (12)

Where the gbest is the best particle position for all previous iteration and pbest is the
position of a particle from the previous iteration.

c. Particle position
The later position of each particle is moved with his velocity as shown in equation
13.Particle position

Later position of each particle is moved with his own velocity as shown in equation 13.
=P+ v (13)

d. Fitness value

The fitness value is similar to the GA fitness value, where the fitness value is derived from
equation 1.

e. The best solution and stopping criteria

The best solution is derived form the best solution from the last iteration where the number of
1teration is determined at advanced.

A NUMERICAL EXAMPLE AND RESULT

The numerical example uses the main data from data generation. There are two types of demand,
the first case is dynamic demand and the second case is static demand. Demand data is
generated uniformly from 20-60. The other data such as distance, inventory cost, warechouse
capacity at each store, initial stock, delivery capacity, and product price are generated
consecutively 10, 5, uniform [20 - 50], uniform [10 - 25], uniform [60 - 100], uniform [60 - 100],
750, and 40.



We set varies of population size and the number of iterations to get the best parameter for the
Genetic Algorithm for both cases. The best fitness function for case 2 is shown in Figure 4.

o
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Best Fitness Value

Figure 4. The best fitness value for case 2 with 250 Iteration and 140 population

Figure 4 shows that the GA is not trapped to local optimal easily. The two cases show that at
least the solutions convergent at the 200th generation. We set the number of generations is equal
to 250 to guarantee that the solution has been convergent and the best solution is 18.65% less
than the initial fitness value. Therefore the GA result in significant improvement compares to the
initial solution.

For the PSO there are 32 combinations of the population (P), iteration (G), and cases. The best
solution for case 1 is derived from 250 iterations and 140 population. The best fitness values for
case 1 is shown in Figure 5. The solutions show that the longest iteration for getting the best
fitness values convergent is 198 iteration, therefore we set the number of iteration is 250 to
guarantee that the best fitness value has been convergent. The best fitness value of PSO is
32.14% better than the initial solution.
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Figure 5. The PSO best fitness value for case 1 with 250 Iteration and 140 population

The best solution for case 1 and case 2 for GA and PSO are shown in Table 1. The table shows
that the PSO outperforms GA in terms of the best fitness value and computation time, therefore
we use PSO to get management insight of static and dynamic demand.



Table 1. The optimal values and running time of GA and PSO

Optimal Cost ($) Running Time (S)
GA PSO GA PSO
Case 1 45123.0 44132.4 3311 2850
Case 2 41297.2 413124 3281 2659

Table 2 shows a comparison between case 1 with dynamic demand and case 2 with static
demand. The table shows when demand is static, the holding cost is less than dynamic demand
however the static demand has higher spoilage cost and delivery cost. The total cost for static
demand is less than the total cost of dynamic demand. When demand is dynamic, stores have to
keep more stock more stocks to prevent lost sales. Since the results of the model support general
finding, the model and the method are verified. The dynamic demand results in a 9.1% higher
inventory cost than the static demand. Therefore, it is important for organizations to keep
demand as stable as possible in each period to reduce total inventory cost.

Table 2. Fitness values for case 1 and case 2

Case 1 Case 2
Holding cost $ 35362.6 Holding cost $ 324214
Spoilage Cost § 8032.0 Spoilage Cost $ 8096.0
Transportation Cost ~ $ 737.8 Transportation Cost ~ $ 795.0
Penalty Cost $ 0.0 Penalty Cost $ 0.0
Total cost $ 441324 Total cost $ 413124

A sensitivity analysis is used to evaluate the effect of spoilage rate to the total cost. We use
spoilage rate 5%, 7%, and 9% and keep all parameters at the same values. The sensitivity
analysis result is shown in Table 3.

Table 3. Fitness values for varies of spoilage rate

Spoilage Rate 5% Spoilage Rate 7% Spoilage Rate 9%
Holding cost  $ 23382.4 Holding cost  § 24292.0 Holding cost  $ 25069.6
Spoilage Cost  $ 3840.0 Spoilage Cost  $§ 4824.0 Spoilage Cost $§ 5376.0

Transportation §  808.0 Transportation $  902.0 Transportation $  699.0
Cost Cost Cost
Total cost $28030.4 Total cost $ 30028.0 Total cost $ 31144.6

Table 3 shows an increasing 2% spoilage rate from 5% to 7% and 9% result in increasing
holding cost from 3% to 4%, and increasing the total cost from 3.7% to 7.2%. It shows that the
spoilage rate significantly affect the holding cost and the total cost, therefore this model is
significantly useful to optimize total inventory cost for items with high spoilage rate such as
vegetables, fruits, and meats. For the set parameter values determined in this numerical example,
the holding cost is the highest cost for the total values. This model shows that spoilage rate has



significant contribution to the total cost, therefore management has to keep spoilage rate as low
as possible. Tools or machines for keeping low spoilage rate and variation such as refrigerator,
refrigeration truck, vacuum packaging and drying machine are important to be applied for all
business related with spoilage items. This finding is useful to support decisions and strategies for
some business in developed countries like Indonesia where managements reject to invest in
machines and technologies to keep items fresh and reduce spoilage rate. They think total
inventory cost for spoilage items are not too significant compare to the investment cost. The
results of this paper show that dynamic demand and spoilage rate are significantly affect total
inventory cost, therefore cold storage and other equipment should be invested to reduce items
spoilage rate.

CONCLUSION

Inventory routing problem is one important model to be used in the vendor manage inventory
scheme, where the vendor delivers and keeps his stock to some retail stores. In this paper, an IRP
with dynamic demand and spoilage items are developed since spoilage items such as fruits and
vegetables are common. Instead of considering static demand, this paper considers dynamic
demand. The model is an NP-hard problem therefore Genetic Algorithm and Particle Swarm
Optimization are developed to solve the problem. Both methods are effective to solve IRP
problems. A numerical example is used to compare the performance of both methods. The results
show that the PSO outperforms GA in terms of solution quality and computation time. The result
also show that the total cost for dynamic demand is 9% higher than the total cost of static
demand. A sensitivity analysis is conducted to analyst the effect of spoilage rate to the total cost.
The sensitivity analysis shows that the spoilage rate significantly affects the total cost. The
numerical example and sensitivity analysis show that this model is significantly important to
minimize the total inventory cost for items with high spoilage items and dynamic demand.
Spoilage rate is significantly affect total inventory cost, therefore it is important for business to
invest in some machines to keep low spoilage rate and variation. Since spoilage rate significantly
affects the total inventory cost, savings on inventory cost could be higher than cold storage
investment cost on plausible time. This paper assumes that there is no transshipment between
stores, therefore the next research can consider transshipment since transshipment is common to
be used by some retail stores to reduce inventory cost. The other future research can be done by
considering environmental issues for delivering items.
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A sensitivity analysis is used to evaluate the effect of spoilage rate to the total cost. We use
spoilage rate 5%, 7%, and 9% and keep all parameters at the same values. The sensitivity
analysis result is shown in Table 3.

Table 3. Fitness values for varies of spoilage rate

Spoilage Rate 5% Spoilage Rate 7% Spoilage Rate 9%
Holding cost $ 23382.4 Holding cost  $ 24292.0 Holding cost $ 25069.6
Spoilage Cost  $ 3840.0 Spoilage Cost  $ 4824.0 Spoilage Cost $ 5376.0

Transportation $  808.0 Transportation $  902.0 Transportation $  699.0
Cost Cost Cost
Fitness Value $ 28030.4 Fitness Value $ 30028.0 Fitness Value $ 31144.6
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important to be applied for all business related with spoilage items. This finding is useful to
support decisions and strategies for some business in countries like Indonesia where
managements resistance to invest in machines and technologies. They think total inventory cost
for spoilage items are not too significant compare investment cost.
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Abstract: Inventory routing problems (IRP) are among important tools to be used for
implementing vendor manage inventory. Many researchers try to develop methods for
solving inventory routing problem, however, only a few developed methods for inventory
routing problems for spoilage items. In reality, many items are deteriorated and spoiled
during transportation and storage period. In this paper, we developed a model and meth-
ods to solve the inventory routing problem for deteriorating items with dynamic demand
and spoilage rate, i.e., demand wvaries and items spoil during planning periods. Those
cases are more realistic since many commodities such as fruits and vegetables have dy-
namic demand and spoilage rate. A Genetic Algorithm and Particle Swarm Optimization
are developed to solve the problem with various demands in a specific planning period
since the problem is Np-hard. A numerical example and sensitivity analysis are con-
ducted to verify the model, and to get management insight it. The result is interesting
and support general hypothesis that dynamic demands result in higher inventory cost
than the static demands, and the increasing demand results in increasing inventory cost.
Also, the results show that increasing demand and deteriorating rates significantly affect
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the total cost, therefore, the developed model is important and significantly useful to be
used for solving IRP with dynamic demand and spoilage items.

Keywords: Inventory, Spoilage, Dynamic Demand, Genetic Algorithm, Particle Swarm
Optimization.

MSC: 65K10.
1. INTRODUCTION

Inventory Routing Problem deals with inventory and distribution issues since
both costs are dominant costs in the supply chain, ([4] and [12]). Therefore, many
organizations try to streamline stock holding and transportation expenses. The
IRP is an optimization inventory problem considering transportation costs so to
minimize transportation and inventory cost [16]. More than 30 years, researchers
have payed their attention to the IRP and gave various models and solutions, see
[3]. The IRP model that includes IRP with the continuous move was introduced
by [14]. Aghezzaf and Landeghem [1] developed IRP with multi-tours, and then
stochastic demand IRP was introduced by [6], and Liu et.al. [9] developed an IRP
model with time windows.

Recently, many IRP models consider perishable items, which have a random
lifetime regarding environmental conditions, e.g., temperature and humidity, the
uncertainty of transportation time, and harvest time [8]. Hu et.al. [7] developed
a simple IRP for perishable items using decomposition and local search methods.
Decomposition and local search are efficient methods, however, to get a more
effective solution, metaheuristic methods can be applied. A Genetic Algorithm
is used by [2] to solve an IRP problem with perishable items and single vendor.
They extended IRP model by setting transshipment from one store to another
stores. A similar model, and amethod, for perishable items was developed by [5],
however, they did not consider transshipment between stores. Widyadana and
Irohara [15] extended IRP models for perishable items by considering deteriorated
items and items delivered under specific time windows. In the model, items are not
only deteriorated during storing period in warehouses but are also, deteriorating
during the transportation period. The model is extended by [11], where they
considered multi-objectives by regarding environmental issues instead of only one
objective.

In this model, we further developed an IRP great model from [2] and intro-
duced a new model for solving more realistic conditions. We use dynamic demand
instead of static demand, and a dynamic spoilage rate, since it is difficult to pre-
dict spoilage rate for agriculture commodities such as vegetables, meat, and fruits.
We developed a model that is more realistic to be applied for agriculture items.
As the problem is an NP-hard, therefore Genetic algorithm and Particle Swarm
Optimization are used to solve it. Genetic Algorithm is an effective method used
for solving IRP problems ([2] and [5]). The other effective metaheuristic method
used to solve NP-hard problems is Particle Swarm Optimization ([14] and [10]).
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2. MODEL DEVELOPMENT

We developed the Inventory routing model, using [2], with dynamic demand
and spoilage rate. Some assumptions of this model are:

e Demand rate distribution during the replenishment period (1') is known.

e Deteriorating rate during replenishment period (7") is known Yellow

In this model, we assume that there is one product, one vendor, and one

delivery player within a multi-period. Notations are:

hi

Sr; (t)

Spg (ﬁ)

I (0)

Parameters:

: Inventory cost at store I ($)
: Replenishment period

: Numbers of store

: Delivery volume from store i at period £

: Deteriorating rate in store i at period ¢

: Number of reject in store ¢ at period ¢

: Delivery capacity (unit)

: Delivery cost from store i to store j ($)

: warchouse capacity at store i

: Product price ($ )

: Initial stock in store ¢
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Variables
L; : Minimum stock in store 1 : Maximum stock in store 1
H;
: { 0 ofhemla";:’ if product delivered from store i to 'gt:ﬂp’i'gduct quantity delivered to store 1 at period §
Xy (t) T % (1)

MinZ ZM; 125" VL () 4+ Prel oM S (1)
p
P i1 Dim 2ojeis i Xij (1)

Constraints:

Lt)=L(t—1)—Sp;(t—1)+q () —di(t) i=1.M;t=1.7T (2)
Spi(t) = Sr; () L; (1) i=1.Mt=1.7T (3)
L) <C; i=1.M;t=1.7T (4)
L(t)>L; i=1.M;t=1.7T (5)
M

Yat)<Q t=1.T (6)
i=1

M M
Xy ()= X)) 1Mt =1.T (7)

1=() z=()

Xi;(t) € {0,1 i=1.M:j=1.M;i#jt=11T ©)

Sry (1) € {0%, ..., 100% i=1.M;t=1.T (10)
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T, M€ {0,1,2,3,... (11)

hi, d; (t),Q,Cy, I; (t) , Li, My, q; (t) = 0 (12)

The objective function is shown in Eq. 1, where the total cost consists of inventory

cost, reject cost, and delivery cost. Equations 2 to 12 show the model constraints.
Stock quantity in period t depends on the previous period stock quantity, number
of rejected stock, incoming and outgoing product ( Eq. 2). Eq. 3 shows that the
rejected quantity is equal to rejected rate times quantity of stock. Maximum stock
quantity cannot overcome store capacity (eq. 4). Stock quantity in every store
in every period must be bigger than the minimum stock (5). Delivery quantity
of each vendor is equal to capacity delivery to all stores (). Whenever there is
delivery from i to 7, the vehicle will outbound from j (7). Eq. 8 shows delivery
quantity when the number of stock is less than the maximum stock.

2.1. Genetic Algorithm

Genetic algorithm used in this paper is a simple GA with:

1. Chromosome representation
retail number
1 2 3 a 5 1 2 3 4 5
[ 5 2 3 8 7 8 5 4] 10| 1|
Minimum Stock Maximum Stock

period

Figure 1: Minimum and maximum stock chromosome

Chromosome represents three variables, i.e., minimum stock, maximum stock,
and routing for each period. Minimum and maximum stocks are represented
using integer values as shown in Figure 1. Notation for the minimum stock
is L; and the maximum stock is M;.

The third variable is delivery routing for each period. A chromosome is
represented by integer values that show the sequence of the store visited by
the vehicle. When one store is not visited, the chromosome is represented
by zero (0). A chromosome for vehicle routing can be seen in Figure 2.

Retail Number

1 2 3 4 5
1] 0 1] [ 3 2|
2 1 0| 2 3 af
3 g of o 1 3
4 0 of 1 2 3|
5 2 2 5 3 1

Figure 2: Chromosome representation for vehicle routing
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Fitness function and selection

The GA fitness function is derived from equation 1, and parents selection is
using roulette wheel rule where chromosome with lower fitness value has a
higher possibility to be chosen as a parent.

Crossover

The Crossover method that is used in this paper is a one-point erossover.
Mutation

The Mutation process is done inside of one chromosome where each cell has
40% possibility to be mutated. When a cell is chosen to be mutated, it
changes randomly between a specific minimum and maximum values.

Elitism

Elitism is a process to keep the best chromosome in each generation auto-
matically, it become an offspring in the next generation.

Stopping criteria

Stopping criteria sets the GA method to be stopped. In this paper stopping
criteria is a predetermined number of generations.

2.2. Particle Swarm Optimization

Particle Swarm Optimization algorithm works as particles move together to
follow the positions that have been found so far. Some important things that have
to be set up to get good PSO are particle representation, position, velocity, fitness
function, global best, and local best.

1.

Particle representation

Particle representation for minimum and maximum stock is similar to chro-
mosome representation in GA, however, vehicle routing representation is
different. PSO uses float values instead of the sequence as shown in GA.
Particle representation for vehicle routing is shown in Figure 3. The se-
quence of the vehicle will follow the particle from the lowest to the highest
values, where value (0 shows that the retail is not visited at that period.
For example, the route for the vehicle in period one in Figure 3 is from the
vendor to stores 4-2-5 and the return to vendor.
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Figure 3: Particle representation of vehicle routing

2. Particle velocity

Particle velocity will be updated at every iteration to move every particle
closer to the best particle in local and global positions. The velocity for each
particle can be updated using equation 12.

vFtt = wok + eyrand, x (pbest; — p¥) + corands x (gbest — p¥) (12)

Where the ghest is the best particle position for all previous iterations, and
phest is the position of a particle from the previous iteration.
3. Particle position
The later position of each particle is moved with its velocity as shown in
equation 13.Particle position

Later position of each particle is moved with its own velocity as shown in
equation 13.

phFY = ph g ok (13)

i

4. Fitness value

The fitness value is similar to the GA fitness value, where the fitness value
is derived from equation 1.
5. The best solution and stopping criteria

The best solution is derived form the best solution from the last iteration,
where the number of iterations is determined in advanced.

3. A NUMERICAL EXAMPLE AND RESULT

The numerical example uses the main data from data generation. There are
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two tvpes of demand; the first case is dynamic demand and the second case is
static demand. Demand data are generated uniformly from 20-60. The other data
such as distance, inventory cost, warchouse capacity at each store, initial stock,
delivery capacity, and product price are generated consecutively; 10, 5, uniform
[20 - 50], uniform [10 - 25], uniform [60 - 100], uniform [60 - 100], 750, and 40.

We set varies population sizes and the number of iterations to get the best
parameter for the Genetic Algorithm for both cases. The best fitness function for
case 2 is shown in Figure 4.

Fitness Value (S)
o
U
o
8

40000
OHNMTN OO o oM o =]
dARNIRERESISANIIBRERERAY
L B I B I I B I B e B B e B}

Iteration

Best Fitness Value

Figure 4: The best fitness value for case 2 with 250 Iterations and 140 population

Figure 4 shows that the GA is not trapped to local optimal easily. The two
cases show that, at least, the solutions convergent at the 200th generation. We
set the number of generations equal to 250 to guarantee that the solution has
been convergent and the best solution is 18.65% less than the initial fitness value.
Therefore, the GA results in a significant improvement compared to the initial
solution.

For the PSO there are 32 combinations of the population (P), iteration (G),
and cases. The best solution for case 1 is derived from 250 iterations and 140
population. The best fitness values for case 1 is shown in Figure 5. The solutions
show that the longest iteration for getting the best fitness values convergent is
198 iterations, therefore we set the number of iterations to be 250 to guarantee
that the best fitness value has been convergent. The best fitness value of PSO is
32.14% better than the initial solution.
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Figure 5: The PSO best fitness value for case 1 with 250 Iterations and 140 population

The best solution for case 1 and case 2 for GA and PSO are shown in Table 1.
The Table shows that the PSO outperforms GA in terms of the best fitness value
and computation time, therefore, we use PSO to get management insight of static
and dynamic demands.

Table 1. The optimal values and running time of GA and PSO

[ Optimal Cost (5 ) Running Time (S)
- | GA PsO GA PSO
| 45123 44296.6 331 2850
Case 1
| 41297 .2 41058.6 281 2659
Case 2

3.1. Table 2 shows a comparison between case 1 with dynamic demand and case 2
with static demand. The Table shows that dynamic has less inventory cost but
higher spoilage cost and delivery cost However, the spoilage and delivery costs
are not significant. Case 1 has a higher cost than case 2 since stores have to
keep more stocks to prevent lost sales. The dynamic demand results in a 9.1%
higher inventory cost than the static demand. Therefore, it is important for
organizations to keep demand as stable as possible, in each period, to reduce
mnventory cost.

Table 2. Fitness values for case 1 and case 2
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Case 1 Casc 2
§  3h362.6 Holding cost $ 324214
Holding cost

s 2032.0 Spoilage Cost 3 B096.0
Spoilage Cost

] TR Transportation Cost 3 T95.0
Transportation Cost

H 0.0 Penalty Cost 3 0.0
Penalty Cost

5 44132.4 Total cost 5 413124

Total cost

A sensitivity analysis is used to evaluate the effect of spoilage rate to the total
cost. We use spoilage rate 5% , 7% , and 9% and keep all parameters at the same
values. The sensitivity analysis result is shown in Table 3.

Table 3. Fitness values for varies of spoilage rate

Spoilage Rate 5% Spoilage Rate T% Spoilage Rate 9%
§ 233824 Holding cost § 242920 Holding cost § 25069.6
Holding cost

§ 384000 Spoilage Cost § 48240 Spoilage Cost § OBITH.O0
Spoilage Cost

§ BOB.0 Transportation § 902.0 Transportation 5 699.0
Transportation Cost Cost
Cost

$ 28030.4 Total cost § 30028.0 Total cost § 31144.6
Total cost

Table 3 shows an increasing 2% spoilage rate form 5% to 7% , resulting in in-
creasing holding costs from 3% to 4% , and increasing the total cost from 3.7% to
7.2% . It shows that the spoilage rate significantly affect holding cost and spoilage
cost. Therefore, this model is suitable to be used for items with high spoilage cost
such as vegetables, fruits, and meat. For the set parameter values determined in
this numerical example, the holding cost is the highest cost for the fitness values.
This model shows that spoilage rate has high contribution to the total cost, there-
fore, management has to keep spoilage rate as low as possible. Tools or machines
for keeping low spoilage rate and variation such as refrigerator, refrigeration truck,
vacuum packaging, and drying machines are important to be applied for all busi-
ness related with spoilage items. This finding is useful to support decisions and
strategies for some business in countries like Indonesia, where managements resist
to invest in machines and technologies. They think that total inventory cost for
spoilage items are not too significant compared to investment cost.
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4. CONCLUSION

Inventory routing problem model is important to be used in the vendor manage
inventory scheme, where the vendor delivers and keeps his stock to some retail
stores. In this paper, an IRP for spoilage items is developed since spoilage items
are common in reality. Instead of considering static demand, this paper considers
dyvnamic demand. The model is an NP-hard, therefore Genetic Algorithm and
Particle Swarm Optimization are developed to solve it. Both methods are effective,
and a numerical example is used to compare their performances.The results show
that the PSO outperforms GA in terms of solution quality and computation time,
and the total cost for dynamic demand is 9% higher than the total cost of static
demand. A sensitivity analysis is conducted to analyst the effect of spoilage rate
to the total cost. It shows that the spoilage rate significantly affects the total cost.
The numerical example and sensitivity analysis show that this model should be
used to handle spoilage items and dynamic demand. Increasing of spoilage rate
significantly affects total inventory cost, therefore it is important for business to
invest in some tools or machines to keep low spoilage rate and variations. Savings
on inventory cost could be higher than machines investment cost on plausible time.
This paper assumes that there is no transshipment between stores, therefore, the
next research can consider transshipment since it is commonly used by some retail
stores to reduce costs. The other future research by considering environmental
issues for delivering items.
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