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ABSTRACT

Information Sharing for improved Supply Chain Collaboration

— Simulation Analysis

Suganya Jayapalan

Collaboration among consumer good’s manufacturer and retailers is vital in order to elevate their
performance. Such mutual cooperation’s, focusing beyond day to day business and transforming
from a contract-based relationship to a value-based relationship is well received in the industries.
Further coupling of information sharing with the collaboration is valued as an effective forward
step. The advent of technologies naturally supports information sharing across the supply chain.
Satisfying consumers demand is the main goal of any supply chain, so studying supply chain
behaviour with demand as a shared information, makes it more beneficial. This thesis analyses
demand information sharing in a two-stage supply chain. Three different collaboration scenarios
(None, Partial and Full) are simulated using Discrete Event Simulation and their impact on supply
chain costs analyzed. Arena software is used to simulate the inventory control scenarios. The test
simulation results show that the total system costs decrease with the increase in the level of
information sharing. There is 7% cost improvement when the information is partially shared and
43% improvement when the information is fully shared in comparison with the no information
sharing scenario. The proposed work can assist decision makers in design and planning of
information sharing scenarios between various supply chain partners to gain competitive

advantage.
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CHAPTER 1:

INTRODUCTION

1.1 Background
In order to stay competitive in the market, most organizations are gradually understanding the need
for collaboration among different supply chain entities. Consistent higher profits and end customer
satisfaction are the key driving factors for an efficient supply chain and a collaborated supply chain
is an undeniable solution towards it (Srivathsan & Kamath, 2018). Among the many frameworks
and strategies available for collaboration, Information Sharing within the supply chain is found to
have reaped considerable benefits. Advent of technology like electronic data interchange (EDI) has
aided this concept and the supply chain members find it fruitful when integrated together. When it
comes to collaborative techniques, organizations are looking forward to adopt tools like
collaborative planning, forecasting and replenishment (CPFR), just in time purchasing (JIT) and
vendor managed inventory (VMI) (Park et al., 2010). Once the collaboration strategy is identified,
the right information can be shared up the stream, bringing down any risks and uncertainties while
expanding profits and customer satisfaction. There are many information's that is beneficial when
shared across the chain, but the demand is the most significant one. The thesis addresses this topic

and studies how the total costs decrease when demand as an information is shared.

Simulation is about replicating the real-world events over time using computer or physical models.
Simulation models have been used to understand the processes in many domains like healthcare,
aeronautical, etc. including supply chains (Rossetti, 2015). Inventory management in a supply chain
is a very important but complex process particularly with stochastic demand from consumers. It can

be modelled as discrete or continuous distribution making it an ideal entity to be evaluated via



simulation. There are various simulations in use nowadays but a stochastic consumer demand in

supply chain could be well studied via Discrete Event Simulation. Also, Arena being a popular

simulation tool, is identified and used for modeling the supply chain collaboration models.

1.2 Problem Context

According to (Chang and Makatsoris, 2001) the phrase Supply Chain Management came up in the

early 1990°s as a process of integrating the supply chain members so that the goods are produced in

the right amount, at the right place, at the right time while in parallel satisfying the customer and

keeping the cost to the minimum. A typical supply chain is presented in Figure 1. It consists of

various organizations involved from the supplier to the customer (Chang and Makatsoris, 2001).

Supplier

Manufacturer

Supplier

Manufacturer

Supplier

Warehouse

Whole saler or
Distribution
Center

4 Retailer ‘
f‘

Warehouse

\ / \
\J whole saleror |/ /|

Distribution
Center

Retailer

Warehouse

Retailer

Figure 1: A Typical Supply Chain (Source: Chang and Makatsoris, 2001)

Customer

Customer

Customer

Customer

(Faisal et al, 2006) suggest that a traditional supply chain system does not focus on waste

elimination. They further share that traditional supply system meets uncertainties in its information

or material flow by means of buffer goods which is met at higher costs and are very slow in its




response to demand changes. The authors advocate that these issues are mainly due to the lack of

collaboration and information sharing between the supply chain members.

From the typical supply chain network understanding from (Chang and Makatsoris, 2001), it is
very evident that a supply chain network is highly complex in nature and if not managed
appropriately could lead to two main issues of high cost which in turn result in a low profit and

unsatisfied customers which may basically lead to lost business/sales.

Also, from (Faisal et al, 2006) studies, traditional supply chain incurs high cost and lost customer
satisfaction as they work as independent entities with no information sharing between them. This
thesis will demonstrate how a collaborated supply chain, with sharing of information up the stream
is able to minimize its operational cost, which could also thereby eventually transform a traditional

supply chain network to an agile supply chain network.

1.3 Thesis Objective

This thesis intent would be to demonstrate the value increase in the supply chain when the level of
collaboration is improved. With Demand as the control factor, the total cost reduction in the supply
chain is studied. Discrete Event Simulation (DES) methodology is applied and an analysis of the
performance parameters based on the input controls is done. The simulation models shall output

supply chain performance with collaboration at three levels as shown in Figure 2:

No Information Sharing (NIS): There is no flow of any Information from the Retailer to the
Warehouse. The Warehouse receives its orders from the retailer whenever it is reorder time for the

retailer. This model is considered as the Baseline Model.



Partial Information Sharing (PIS): Here there is a Partial Information Share from the Retailer to
the Warehouse. The Consumer demand is given to the Warehouse in advance before the retailer

places his order with the Warehouse.

Full Information Sharing (FIS): Here the consumer demand is placed directly to the Warehouse
and retailer becomes a facilitator. Warehouse takes full control of the information and replenishes

the order.

In addition, the models implemented would give a reasonable view on

e how traditional supply chain efficiency could be improved

e Total Supply chain cost improvement with increased level of information share

L
s B Product A h N
'I'II_”- g ] o =

Customer

Order
Information

No Information Share
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Figure 2: Information Sharing Scenario

1.4 Thesis Organization

This thesis has been structured in the following manner:

Chapter 2 — provides literature on the topics of supply chain collaboration, information sharing,

queue information sharing, vendor managed inventory, discrete event simulation and Arena.



Chapter 3 — presents the solution approach. It covers the discrete event simulation process,
conceptual model and detailed steps in which the simulation model was executed and results

generated.

Chapter 4 — presents the model adaptation and implementation in Arena. This chapter provides all
necessary information on how the model was adapted and executed using the Arena software all

steps and procedures with respect to it has been explained here.

Chapter 5 — presents the numerical evaluation. The models developed are evaluated by a case
study. Detailed numerical example and verification and validation of the model results are
provided. Also, the sensitivity analysis is included to determine the impact of input parameters on

final results.

Chapter 6 — presents the conclusion and future works. This section gives the final summary of the

research in connection to the objective and on topics of future research.



CHAPTER 2:

LITERATURE REVIEW

2.1 Introduction

In this chapter, research available on the topic is reviewed and discussed. Section 2.2 describes
the supply chain collaboration. Section 2.3 discusses Information Sharing and how it is seen as
key enabler to supply chain collaboration. This section further elaborates on two topics, one being
advance information sharing (a priori) which helps in partial collaboration and the other topic is
on vendor managed inventory which is aligned to a full collaboration scenario. In section 2.4 the
research and available information on inventory model decisions has been vividly detailed. Finally,
section 2.5 brings out the literary work with respect to why discrete event simulation, since the

approach has been embraced as a methodology is used to evaluate the objective.

2.2 Supply Chain Collaboration

Industries seeking to be ahead in the competitive world, have been evolving, by adopting new
methodologies as early as from the nineteen century. In that era, work process integrations and
optimizations were brought in by concepts such as lean production or just-in-time (Hopp and
Spearman, 2011). After that supply chain collaboration has been the norm to share knowledge and

to work integrated for an effective flow of products to the consumers (Caridi et al., 2005)

(Simatupang and Sridharan, 2002) in their research have defined supply chain collaboration as two
or more supply chain member operating together by means of information sharing, mutually
sharing benefits and looking to take joint decisions, so that high profits could be gained coupled

together with greater level of end customer satisfaction.



There are different ways in which collaboration could happen and there are two distinct categories
under which they could be encompassed - as per the review done by (Barratt, 2004). The first one
is the vertical collaboration which includes the internal collaboration within supply chain members
and external collaboration with suppliers or customers. The second one is horizontal collaboration
which includes the collaboration between the external competitors or other organizations (Barratt,

2004).

Vertical
Collaboration

External
Collaboration
(Suppliers)

External

Collaboration
(Other

Internal
Collaboration

External
Collaboration
(Competitors)

Horizontal
Collaboration

Organizations)

External
Collaboration
(Customers)

Figure 3: The scope of collaboration: generally (Source: Barratt M, 2004)

He has understood this flow from research done by (Simatupang and Sridharan, 2002) and
consolidated it in in Figure 3 (Barratt, 2004). The thesis shall focus on internal collaboration which

is a collaboration between the internal supply chain functions only.

Supply chain collaboration however is greatly challenged by the ever-fluid state of the global

economic conditions, which leads us to believe whether it is successful or not (Magnan and



Fawcett, 2002). From the various surveys and case study interviews, it is understood that very few
companies have been able to integrate their supply chain successfully, also their study indicates

that there are gaps between the theoretical and the ideal world (Magnan and Fawcett, 2002).

(Kohli and Jensen, 2010) had undertaken to measure the effectiveness of collaboration by studying
the existing available literature and among their various inferences, a conclusion states that the
effectiveness of collaboration is perceived to be high when there is information sharing between

the supply chain members which leads the chapter to discuss more on information sharing further.

2.3 Information Sharing

(Simatupang and Sridharan, 2002) describe information sharing as the bidirectional flow of
information between the supply chain members thereby giving all the necessary insight across the
internal functions and organizations. The authors also clarify that information sharing across the

members lead to high customer service.

When it comes to what type of information could be shared, (Lotfi et al., 2013) there are many
types such as on logistics, business, strategic, tactical and so on. The authors have also mentioned
information categories such as 1) Inventory Information; 2) Sales Data; 3) Sales Forecasting; 4)
Order Information; 5) Product Ability Information; 6) Exploitation Information of New Products;
and 7) Other Information (Lotfi et al., 2013).

(Lotfi et al., 2013) have researched in detail and came up with a comprehensive table summarizing
the benefits of information sharing in supply chain. Table 1 is an extract from their research that
gives a good view on the benefits reaped when there is information sharing in the chain. Also,

further benefits as reviewed has been adapted and presented in the table 1.



S.Nos

Benefits

Sources

1 Inventory reduction and efficient inventory management (Prakash et. Al., 2010)
2 Cost reduction (Prakash et. Al., 2010)
3 Increasing visibilities (significant reduction of uncertainties) Alietal., 2017
(Hussain &
4 Significant reduction or complete elimination of bullwhip effect Saber,2012)
(Jauhari,2009)
5 Improved resource utilization (Mourtzis,2011)
Increased productivity, Organizational efficiency and improved .
6 _ (Singh,2015)
services
7 Sustainable supply chain - Decisions based on environment (Khan et. al., 2016)
8 Early problem detection (Jauhari,2009)
_ (Jauhari,2009)
9 Quick response _
(Mourtzis,2011)
10 | Reduced cycle time from order to delivery (Singh,2015)

Table 1: Benefits of Information Sharing (Adapted from: Lotfi et al., 2013)

(Yan et al.,2001) have demonstrated on how cost and inventory level reduces when the information

sharing between the retailer and manufacturer is gradually increased. The authors have found that

there is a pareto improvement which means that all members have benefited, and some members

have strongly benefited in terms of cost saving when information share level is increased in steps.

(Gaur et al., 2005) have explored on how when demand has an information when shared up the

stream in a two-stage supply chain model by the retailer to the manufacturer, lead to significant

benefits like the safety stock reduction at the manufacturer side. This study implies that demand

as information share is found to lead to substantial benefits not only to the manufacturer or retailer

but also to the overall supply chain system.

10




2.3.1 Demand Information Sharing in Advance
This chapter has adapted partially the concept of demand information in scenario 2 of the partial

information sharing system. So, reviews carried out on it are as below:

(Hariharan and Zipkin, 1995) studied the supply chain system performance when the customer
demand information is received in advance. They have developed a model describing it and the
output analysis from the model is that the ‘demand lead time’ improves the performance of the
system whereas the ‘supply lead time’ worsens it. Their study also exposes that this early
information is a substitute for supply lead time and if managed well could reduce the safety stock

and its corresponding cost in the supply chain system.

(Karaesmen et al., 2013) propose that if the advance demand information is handled effectively
then the production/inventory performance would gradually increase. They have derived
prepositions which tell us on which scenarios the advance information received could be

meaningful and generate more benefit.

2.3.2 Vendor Managed Inventory (VMI)

(Marques et al., 2010) has studied the concept of VMI from concept to process and summarizes
on the operational and collaborative element in VMI. According to the authors, VMI is a supply
chain integration where in the focus is on the continuous replenishment of the customers inventory.
They also say that the partners share demand, requirements and constraints so they can have a

shared objective.

(Yao et al., 2007) evolved a mathematical model for a single-vendor single-retailer VMI system.
The demand information is assumed to be deterministic and the model carried an analysis on the

cost performance between a system with VMI and a system without VMI. Results reveal that the
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benefits are found to be spread between the buyer and the supplier in an uneven manner. But in
alignment to existing literatures, (Yao et al., 2007) found that implementation of VMI does reduce

the inventory cost of the system thus rendering it to be beneficial.

2.4 Inventory Model Decisions

In a supply chain, a key aspect that establishes the health of the system is the inventory
management. The financial upturn or downturn is very much determined by the inventory
management decisions. It not only impacts a member in the chain, it affects in all layers. Hence
maintaining an optimum value of inventory in a system supports the fiscal growth of the
organization. In this thesis the decisions for an inventory model has been considered as per the

Figure 4.

Demand
and Lead
Time

Inventory

Inventory

Model Policy

Decisions

Figure 4: Inventory Model Decisions

2.4.1 System Structure
System Structure is about the distribution structure of a firm. It varies greatly from industry to

industry and based on the nature of the product and the consumer demand patterns. It could be
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considered as a system configuration which is a key and fundamental start point to an inventory
model decision. Based on the storage location of inventory in a system there is Single Stage or
Multi Stage system. There could be single or multiple products as output from this system. But the
total quantity produced is strongly dependent on the production capacity, cost allocations and

demand received from consumers.

Arborescent System are those systems in which each inventory location is served by a single
source. Two networks in it could be the Serial State Network and the Multi Level Network (Figure:

5) (Hopp and Spearman, 2011)

Lewel 1 Level 2 Level

O
]

<
~]

e

D Stocking site == Inventory fow

Figure 5: General Arborescent Systems (Source: Hopp and Spearman, 2011)

In the serial system there are many stocking sites in series and each site serves only one destination
site. Usually supply is also from a single source. In the multilevel arborescent system, the stocking

sites may supply to more than one destination and there is multi level in it.
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In supply chain, the member close to the customer is said to be down the stream and the member
close to the supplier is up the stream. Down the stream the demand information is understood from
the consumers and produce is supplied as required to them. Upstream the procurement from the
suppliers on raw material required is carried out so it can be used for manufacturing or distribution
to the retailers who in turn supply to the customers. Information flow in this supply chain is always
up the stream and the goods flow down the stream. Figure 6 is represented to show clearly on

upstream and down stream in a two-stage network system.

Up Stream Down Stream
I
I
|

* -
Product DDE QJ?“M i *![;@

Ret*i]er Customer

Supplier

Order

|
|
|
|
|
Information |

Figure 6: Arborescent Series — Two Stage System

Also, the network system that this chapter shall consider would be the series two stage system as
depicted in Figure 6. The goal of the thesis is to simulate and understand the benefits when the
collaboration among the members is improved gradually, so the idea is that if initially in a series

system the outputs are achieved exploring it further with multi level could be progressive.
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2.5 Simulation

According to (Banks et al., 2010), simulation is an approach to study systems in the conceptual
phase before implementation, thus it can serve as either an analysis tool to know in advance about
the impacts in incorporating changes to existing system or as a design tool to know the
performances of the new design in under varying conditions.

(Kelton and Barton, 2003) have conveyed on how a carefully planned simulation could yield
valuable information with any undue computational time or efforts. In the simulation context, they
have shared on some ideas, challenges and opportunities when looking to model and study
behaviour patterns from the simulation models.

Also, model is defined as a system’s representation in order to study the system in detail, where
the system is clarified to be a group of objects that work together in a known pattern of interaction
or in some interdependence with each other so that a common objective is met. So, the term
modelling is the process of creating this representation of the system (Banks et al., 2010).

The thesis models are generated with the view that the supply chain system could be studied so
that by measuring its performance the operations could be improved and redesigned to capitalize

on the benefits.

2.5.1 Simulation in Supply Chain

For many years, analytical modeling has been the tool which has been used by management for
supply chain, but it was more theoretical and did not solve practical problems. In this context
(Swaminathan et al., 1996) has reviewed that Simulation has gained considerable attention and
momentum. The authors have also identified various purposes when using modeling and

simulating a supply chain system. The result of their research evidently depicts on how analytical
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results could be coupled with simulation and the model by itself is able to serve as a tool for
decision making to industries. (Swaminathan et al., 1996).

Managing a complex supply chain is very much necessary, so that a business can thrive
successfully in today’s scenario. Understanding the impact of a company’s policy on the supply
chain is not likely to be known before the role out of the policy. Here the supply chain simulation
models facilitate to bridge this gap. Mathematical model or Analytical may have proven success
in getting the results if at the system was simple but for real life complex problems studying the

system via simulation would be the best. (Law and Kelton, 2000)

2.5.2 Discrete Event Simulation

As per (Rossetti, 2015), simulations could be classified from perspective of time as static or
dynamic, stochastic or deterministic and discrete or continuous. The author further details, a static
system to be a system which is constant over time and a dynamic system evolves over time. Also,
the system if found to be random in nature then it is stochastic else it is considered as a
deterministic system. From a function of time standpoint, (Rossetti, 2015) clarifies that discrete
systems are those that have their state changes at discrete point in time whereas in continuous
system the state changes occur continuously. He further explains that in a discrete event simulation
when a specific change happens in the system, observations are collected at that point in time but
in continuous event simulation the observations are collected continuously over the period. In this
thesis, the focus of the discrete simulation event model would be stochastic and dynamic in nature.
Discrete Event Simulation gives the opportunity to evaluate the operating performance in advance
to the implementation of the actual system. What-if analysis could be carried out by the companies
which aides them in efficient decision making with such models. Also, various operational

alternatives could be identified from these models without disturbing the existing systems for a
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better policy decision (Chang and Makatsoris, 2001). The authors have also mentioned that prior

to start of the supply chain modeling one should be aware of the entire supply chain. Also

identifying the correct performance measure is vital. (Chang and Makatsoris, 2001).

2.6

Why Discrete Event Simulation?

In order to understand the various methodologies used to evaluate information sharing in a supply

chain, the last ten years literary work has been reviewed and summarised in table 2. Google Scholar

was used to find the papers. The top results with respect to each year has been captured and

reviewed.
Author | Year Topic Methodology
Jiang and 2019 Information sharing and bullwhip effect in smart destination Mathematical
Ke network system
Kiyoung
and Jae- | 2019 | The impact of information sharing on bullwhip effect Simulation
Dong reduction in a supply chain
Raweewan
2018 ) . . . Oth
and Ferrel Information sharing in supply chain collaboration .
Srivathsan
and 2018 | Understanding the value of upstream inventory information Mathematical
Kamath sharing in supply chain networks
Lietal |2018 Information and Proﬁt sharing between a buyer and a supplier: Other
Theory and practice
Dominguez 2018 OVAP: A strategy‘ to 1mplernent partial information sharing Simulation
et. al. among supply chain retailers
Zhao et. al. | 2018 What is t.he value of an online retailer sharing demand forecast Mathematical
information?
Aliet. al. | 2017 | Supply chain forecasting when information is not shared Other
Zaheer and An information sharing theory perspective on willingness to
2017 ) . . Other
Trkman share information in supply chains
Minkyun The impact of supplier innovativeness, information sharing
and 2017 | and strategic sourcing on improving supply chain agility: Other
Sangmi Global supply chain perspective
Haobin et. 2017 Enhance@ent of 'supply chain resilience through inter-echelon Simulation
al. information sharing

17




Khan et. al. | 2016 | Information sharing in a sustainable supply chain Mathematical
Wenliang | )¢ . . . . 3 Other
et. al. Two-way information sharing under supply chain competition
Revisiting the Effects of Forecasting Method Selection and
Panet. al. | 2016 | Information Sharing Under Volatile Demand in SCM Mathematical
Applications
Choudhary 2016 VMI Ve‘rsus 1nformat19n sharing: an analysw under static Mathematical
et. al. uncertainty strategy with fill rate constraints.
Rached et. 2016 Decent.rallzed c'le.cmon-rr%akn.lg with 1nfor@at10n sharing vs. Mathematical
al. centralized decision-making in supply chains
Rached et. A ing the value of inf tion shari its i t .
ached e 2015 | ~rssessing the value of information sharing and its impact on Mathematical
al. the performance of the various partners in supply chains
Salvatore 2015 A s%mulatlon model of a coordinated decentralized supply Simulation
et. al. chain
Costantino 2015 The impact of 1nf0rrpat10n sharing on ordering policies to Simulation
et. al. improve supply chain performances
Giloni Forecasting and information sharing in supply chains under .
ctal 2014 ARMA demand Mathematical
Cannella
2014 imulati
et. al. An IT-enabled supply chain model: a simulation study Simulation
Cigolini et. 2014 Linking supply cham conﬁgurat}on to 'supply chain Simulation
al. performance: A discrete event simulation model.
Yan et al. | 2014 Intelligent Supply Chain Integration and Management Based Other
on Cloud of Things
Ming et. al. | 2014 Demand informatiqn sh‘aring an‘d Chann‘el choice in a dual- Mathematical
channel supply chain with multiple retailers
Inderfurth The Impact of Information Sharing on Supply Chain
2013 . . Other
et. al. Performance under Asymmetric Information
Fei and 2013 Effects of information technology alignment and information Other
Zhiqiang sharing on supply chain operational performance.
Jin Kyung 2013 Con?parl.son of (s, S)‘ and (R,‘T) Policies in a Serial Supply Mathematical
Kwak Chain with Information Sharing
Lin and Systems Dynamics Modeling for Collaboration and
Shavo 2012 | Information Sharing on Supply Chain Performance and Value Simulation
Y Creation
Yang Feng | 2012 Syste‘m Dynamics Modeling for Supply Chain Information Simulation
Sharing
Mourtzis | 2011 | Internet based collaboration in the manufacturing supply chain Other

18




Evaluation of robustness of supply chain information-sharing

Taho et.Al. | 2011 | strategies using a hybrid Taguchi and multiple criteria Other
decision-making method
Saxena et. Simulation-based decision-making scenarios in dynamic ) .
. Simulation
al. 2010 | supply chain
Prakash
and Horizontal Collaboration in Flexible Supply Simulation
Deshmukh | 2010 | Chains: A Simulation Study
Bottani and Simulation
. . . . . . u
Montanari | 2010 | Supply chain design and cost analysis through simulation.
Yu et al. Evaluating.the cross-efficiency of information sharing in Simulation
2010 | supply chains
Mei et. al. Supply chain collaboration: conceptualization and instrument Other
2010 | development
. Information Sharing and Order Variability Control .
Liand H 2009 Mathematical
rand Had Under a Generalized Demand Model atiematica
Enhancing flexibility i ly chains: Modelli .
Tain et. al. | 2009 | Enhancing exibility %n supply ¢ alr.ls od§ ing random Mathematical
demands and non-stationary supply information
Chan and
2009 imulati
Chan Effect of information sharing in supply chains with flexibility Simulation
Saxena et. 2009 Flexible cogﬁ.guratlon for seamle§s supply chains: Directions Simulation
al. towards decision knowledge sharing

Table 2:Literature Work - IS Methodologies

The literary work has then been categorized per the research methodology. Table 3 shows the

results distribution. It can be seen that simulation scores the highest followed by mathematical

optimization models and others which includes approaches like game theory, theoretical

framework, survey-based framework etc.
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o,

IS Methodologies Nos ot
paper

Simulation (discrete event simulation or system 15 38%

dynamics)

Mathematical Programming 13 33%

Other — (Survey, Qualitative, Literature Review) 12 30%
Tota 1 40 100%

Table 3:Literature Work - IS Methodologies - Summary

Figure 7 gives a graphical representation for a better understanding. Compared to all other

methodologies’ simulation is found to be more adaptive and suitable for this objective compared

to other approaches. Hence, discrete event simulation has been adopted in this thesis.

IS Methodologies Adopted

Simulation, 38%
40% Mathematical,

35% 33%
30%
25%
20%
15%
10%

5%

0%
Simulation Mathematical

Figure 7: Literature Work - IS Methodologies -Graph
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CHAPTER 3:

SOLUTION APPROACH

3.1 Simulations Steps

Simulation is not only about replicating a real-world scenario, it is also the best representation of
the system and their complex interrelationships as a function of time (Rossetti, 2015). The idea is
that the required future system is achieved by a flexible model of the real physical system, coupled
with its correlated elements, modelled and validated with various scenarios until the predicted

system is obtained. The process flow shown in Figure 8 is adopted to meet the problem’s objective.

Step 1:
Problem Definition

Y

Step 2:
Objective formulation

Y

Step 3:
System Understanding

l

Step 4:

Simulation Process

Step 5:
Sensitivity Analysis

h

Step 6:
Report Generations

Figure 8: Solution Approach
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In order to simulate, the foremost step is to understand the problem and identify the scope. In this
chapter, sections 1.2 and section 1.3 explain these steps 1 and 2 of the simulation process. Step 3
is dedicated to system understanding, and formulating the model decisions which support in
ensuring that the simulation model is able to address the problem for a system considered. Section
3.1 and section 3.2 gives a more elaborate description with respect to the decisions, assumptions
etc. Step 4 is the simulation process. This is an iterative process which is further clarified in Figure.
9. The flow defines on how the model is developed. It comprises of four stages: Model

Conceptualization, Numerical Analysis, Model Implementation and Model Execution.

Model Conceptualization

Before the model implementation, a UML design is formulated with the system definitions set
with respect to the inputs and outputs that require to be considered. A case diagram is first
formulated to understand on the flow between the supply chain members namely consumers,
retailers, and warehouse. By drawing the case diagrams, the activity flow in the system is clarified
and this is reviewed against the essentials that are necessary towards the defined problem. Section

3.2 describes the representation of the flow with respect to the three scenarios under discussion.

Numerical Analysis

To evaluate the conceptualized model theoretically, a numerical analysis is carried out. An excel
based macro sheet (Rossetti, 2015) has been adapted and updated to be used for various set of

values to understand on the total cost of the supply chain with respect to the three levels of
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considered collaboration. Three excel spreadsheets are implemented based on the three level
scenarios and mathematically the values are generated so that the model results could be validated
according to it. Appendix A gives the view of the three spread sheet which has the mathematical

evolution carried out before the model execution.

Model Implementation

With the model concept and the numerical analysis sheet, the adaption of the real system to the
Arena simulation model is carried out. The level of detailing is ensured to be as close to the concept
planned and for the inputs as designed from the numerical analysis sheet. Before the model is
implemented in the Arena, the variables, attributes, events and queues are first identified with
respect to both the retailer and the warehouse side. These parameters are derived based on the

logic that is required to be modeled as detailed in the model conceptualization phase.

Model Execution

The developed model is then run for various demand values to understand on total cost with respect

to the collaboration. The model goes through the verification and validation process.

Model Verification

This process is to ensure that the model is complete in all intended aspects and the outputs
generated from it is close to the results generated from the numerical analysis sheet. The two main

steps followed in this process are the setting up of the initial values and then observing the output
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for any variations. The main objective of this step would be that if the inputs are set as required
then whether the logical structure planned is well represented by the model. This is evaluated from
the statistical outputs generated by the model which aids in verifying the model. The input controls
are then varied in such a way that all scenarios are covered, also the best and worst scenarios are

passed.

Model Validation

This process is carried out to ensure closeness of the model to the real system. In the model
validation phase, a Sensitivity Analysis of the system is carried out. The retail world is considered
here, hence the parameters and entity set are brought close to the retail environment. The respective
controls are identified, and these are varied and the outputs from it are observed. Many trials are
executed via the process analyzer tool and the output is studied in relation to the actual system

under discussion.

Simulation Process

Validation
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Figure 9: Simulation Process
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3.2 Inventory Level and Cost Calculations

The below notation shall be considered to understand the various cost calculations in the supply

chain. Sections 2.4.3, 2.4.4 and 2.4.5 shall be referring to these notations

D — Demand rate per year

LT — Replenishment lead time in days

0 — Poisson distributed Mean demand during replenishment lead time

p(x) — Probability mass function

o*e=0

x!

p(x) = x=0,1,2...

G(x) — Cumulative distribution function
Gx) =Y op({) x=0,12...
Q — Reorder Quantity (in units)
r — Reorder Level (in units)
h — Annual holding cost ($)
b — Annual backorder cost ($)
o — Annual ordering cost ($)
I(r) — Average inventory on hand with respect to the reorder level r (in units)
IN(r) — Net inventory on hand (in units)

B(r) - Average back order with respect to the reorder level r (in units)
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F(Q,r) — Order frequency with respect to Q and r (in units)

S(Q,r) — Fill rate with respect to Q and r (in units)

B(Q,r) — Average backorder number (in units) with respect to Q and r (in units)
I(Q,r) — Average On-Hand Inventory (in units) with respect to Q and r (in units)

3.2.1 Demand rate and Lead Time
In inventory management, the two main sources from where uncertainty arises is from the demand
rate and the lead time. They are also a key factor in the decision-making process towards which

type of inventory policy to consider.

Demand rate could be deterministic or stochastic. Deterministic demand is known in advance and

it is certain on what would be the quantity or when it would arrive.

Lead time is the time interval between the placement of order and receipt of the placed order by
the customer. Again, lead time here could be constant or varied. Usually lead time has a strong

dependence on the supplier.

Demand could follow many different types of distributions but two of the most important
distributions available are the (discrete) Poisson Distribution and the (continuous) Normal

Distribution. In Poisson distribution the mean time between the arrival rate A is exponentially

distributed, so the exponential distribution is f(x) = ke *t A >=0.
Also, 0 = };TL: which is the expected demand during the lead time.

Probability mass function
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xX,—6
T x=0,12.. M

g(x;t) =

Cumulative distribution function

Gx;t) =Y og(xt) x=0,1,2... )
The frameworks in this chapter consider a stochastic discrete demand which follows a Poisson

Distribution and a fixed lead time.

Inventory Theory base formula:

(Zipkin, 2000) has analyzed the (r,Q) inventory model and has resulted in base equations when the
demand rate is in a Poisson distribution. The analytical inventory formulas as provided by (Zipkin,

2000) are as below:

Poisson complementary cumulative distribution function:

G(x;t) =1 - G(x:t) 3)

Poisson first-order loss function:

G'(x;t) = - (x -1 1) G’ (xst) + (A t) g(xst) “4)

Poisson second-order loss function:

G*(x;t) = (1/2) {[(x - A > +x] G°(x;t) - (L 1) (x - 1 1) g(xst)} )
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3.2.2 Inventory Policy

With the demand being uncertain and random, there are two significant models which could be
suited. If in a scenario, random demand occurs the model in which inventory is replenished one
unit at a time, then the only issue is to determine the reorder point. The target inventory level set
for the system is known as a base stock level, and hence the resulting model is termed the base
stock model (Hopp and Spearman, 2011). The model in which the demand occurs randomly,
possibly in batches, then here the inventory is monitored continuously. As per (Hopp and
Spearman, 2011) when the inventory level reaches (or goes below) r, an order of size Q is placed.
After a lead time of 1, during which a stockout might occur, the order is received. The problem is
to determine appropriate values of Q and r. The model we use to address this problem is known as
the (Q, r) model (Hopp and Spearman, 2011). This thesis shall deal more with the (Q,r) model as
the policy considered by the retailer and the warehouse follows this policy for satisfying the
demand received from the customer.

(Q, r) inventory control policy:

This inventory policy is a continuous review with backordering involved in it. The customer order
information keeps coming in one at a time in some stochastic manner. To meet the demand as it
arrives the order request is checked against the current stock availability in the system. If it is
available, the customer order is relinquished immediately, and the stock availability is decreased
by a count. But if stock is not available then the customer order is backordered in a queue which
acts on a first come first serve basis. The inventory position is checked every time when ever an
order is met or backordered against the reorder point r to decided whether an order needs to be
placed. If the inventory position goes below the reorder level 1, then a re-order quantity of Q units

is placed. This Q units ordered comes after a fixed time, which is the lead time LT from the
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supplier. After this time once the order is received the customer order as well the backorder as per

the queue is met.
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Figure 10: (Q,r) inventory model with Q=4 and r=4 (Source: Hopp and Spearman, 2011)

In this concept, there are three main inventory levels and a service rate to understand on. These
terminologies are explained as follows

Net Inventory:

This is the inventory on hand or the available stock at a unit of time without considering on the
backorder. This inventory keeps decrementing every time a customer order is met and increments
whenever a requested order is received. The net inventory is therefore understood as below:

Net Inventory = inventory on hand — backorder level

Inventory Position:

This represents the level of net inventory along with inventory in order. On a inventory level it is
the actual position at that instant. It is represented as:

Inventory Position = inventory on hand — backorder + inventory on order
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Since it has all the required inventory level interlinked, it becomes the ideal parameter to check
against the reorder level to take a decision on whether to reorder or not.

Backorder Level:

It is the number of units which are backordered as the inventory on hand is not available. It keeps
incrementing till the order placed is replenished. It has an associated cost which is charged per unit
time till it gets to serve the cost who is waiting on his backordered unit.

Fill rate:

The term fill rate is associated to the stock out condition of the inventory. Stock out represents the
duration of time that the system is in the out of stock situation. It is represented in terms of
percentage and ideally the lesser the percentage the better is the performance of the system. Fill
rate is just 1 minus of the stock out rate. It is the duration for which there is inventory on hand to
serve the customer.

Fill rate - 1 — stock out

The average fill rate, backorder level and the inventory level in terms of Q and r has been deduced
by (Zipkin, 2000) and it is given as below:

S(Q,r) — Fill rate with respect to Q and r (in units)

SO= % [Gl(r:L)-G't+Q; L)] (6)
B(Q,r) — Average backorder number (in units) with respect to Q and r (in units)

B==[G*r;L)-G*r+Q;L)] (7)

1
Q
I(Q,r) — Average On-Hand Inventory (in units) with respect to Q and r (in units)

I=(172)(Q+1)+r-AL+B (8)
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Based on (Zipkin, 2000) equations from (3) to (8), (Hopp and Spearman, 2011) derived the
equations for the fill rate, average backorder level and on-hand inventory in terms of the backorder.
These equations aid in bringing up an excel based inventory analysis sheet which has been
extensively used in the numerical evaluation of the model. The base of the excel has been

considered from (Rossetti, 2015) but the formula clarifications are discussed in this section.

S(Q,r) — Fill rate with respect to Q and r (in units)

S(Qn=1-5[B®-Br+Q)] ©)

B(Q,r) — Average backorder number (in units) with respect to Q and r (in units)

B(Q1)=5 2B (10)

I(Q,r) — Average On-Hand Inventory (in units) with respect to Q and r (in units)

1QN=2241-0+B(Q.1) (11

3.2.3 Inventory Costs
Some of the financial parameters dealt in the thesis in order demonstrate on the total cost reduction

is as described below:
Ordering Cost or Fixed Setup Cost (OC):

This cost is also referred as the replenishment cost and this cost is incurred every time an order is
placed. It is the product of number of replenishment /Order Frequency carried out in a year and

the replenishment cost factor associated to it. The order frequency as per (Hopp and Spearman,
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2011) is the number of orders carried out over a period. In thesis the period of consideration is for
a year. Hence the order frequency and the associated ordering cost is as per equation given below

by the authors

Order Frequency F (Q, r) = (12)

b
Q
Ordering Cost (OC) =F(Q,r) * o (13)

Holding Cost (HC):

All the cost that goes into storing of the inventory at a storage location is called the holding cost.

It is usually the product of the actual inventory level held and the holding cost factor.

Holding Cost (HC)=1(Q, ) * h (14)

Backorder Cost (BC):

The cost that is incurred every time when ever a customer order is not satisfied is called the
Backorder Cost. It is the product of the backorder inventory level and the cost factor associated
with the backorder. This cost factor in fact is a penalizing fee on not satisfying the requested

customer demand.

Backorder Cost (BC)=B (Q,r) *b (15)

Total Cost (TC):

The sum of all the above costs is the total cost. The total cost of the supply chain needs to be at the
minimum so that profit could be improved. The information sharing model considers this total cost
to be the performance measure component to understand on how the level of collaboration
improves on the reduction of this total cost. This cost considers the ordering cost, holding cost and

the backorder cost and its equation is given as below:
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Total Cost (TC) =0C + HC + BC (16)

3.2.4 Sample (r,Q) Inventory policy Calculation
In order to summarize on the equation’s usage in this thesis, a sample numerical calculation is
demonstrated below. This explains on the excel spreadsheets numerical values got for an input

control parameter.

Say the annual demand poisson rate D = 50, Lead Time LT = 45 days and the Optimum Controls

are Q =7 and r = 8. Also, for a cost say h =30%, b =100$ and 0 = 15$

For equations (9) to (11) the value of p(R), G(r) and B(r) is required, from the excel macros we
understand these values and they are as represented in table 4 which represents the fill rate for

values of the reorder point.

Continuous review (r, Q) Policy with backordering
Poisson Demand

D LTw ow

50 45 6.1644

R p(R) G(R) B(R)
8 0.109 0.830 0.358
9 0.074 0.904 0.188
10 0.046 0.950 0.092
11 0.026 0.976 0.042
12 0.013 0.989 0.018
13 0.006 0.995 0.007
14 0.003 0.998 0.003
15 0.001 0.999 0.001
16 0.000 1.000 0.000
17 0.000 1.000 0.000
18 0.000 1.000 0.000

Table 4: Fill rate for respective R values

So, calculation of the fill rate, Backorder level, Inventory on hand and Order frequency with

respect to the function of Q and r are as explained below:
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S(Q,r)=1-é[B(r)—B(r+Q)]=l-%[B(S)—B(IS)]=O.949

B(Q 1) =5 XTB() = 3 RIZ3B(r) = 00502

I(Q,r)z%ﬂ—eﬂa(Q,r)=7“2‘—1+8—6.1644+0.050=5.886

Ordering Cost (OC) =F(Q,r) ¥ 0=7.143 * 15=107.145 $

Holding Cost (HC) =1(Q, r) * h=5.886 * 30 =176.576 $

Backorder Cost (BC) =B (Q, r) * b=0.0502 *100 =5.02 $

Total Cost (TC) =OC + HC + BC = 107.145 + 176.576 $ + 5.02 =288.741 $

The above calculated inventory levels and costs when compared with the calculations in the
excel macros are to be the same. Figure 11 shows the value as seen in the excel spreadsheet

which is used by the thesis for the information sharing model.

D Ow Rw Qw SO Fill Rate 1 B OF HC BC ocC TC
5 0.616438 1 2 0.076 0.924 1.900 0.017 2.500 57.004 1.657 37.500 96.161
20 2.465753 5 4 0.014 0.986 5.041 0.006 5.000 151.218 0.637 75.000 226.855
(50 6.164384 8 7 0.051 0.949 5.886 0.050 7.143 176.576 5.024 107143 288.743
220 27.12329 31 15 0.048 0.952 11.988 0.111 14.667  359.625 11.080 220.000  590.705

Figure 11: Inventory level and Cost Calculation Example.

3.3 Supply Chain Collaboration - Model Conceptualization

Three simulation models are developed as per the information level sharing. The models developed

align as per the below key assumptions:

e The retailer and warehouse, each follow the continuous (1,Q) policy
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e The demand follows the Poisson Distribution process
e Demand that is not met is backordered

e Replenishment lead time is fixed

According to the levels of information sharing, the partnership collaboration for the three scenarios

are as explained below:

3.3.1 No Information Sharing (NIS)

In this case, there is no information sharing between the retailer and the warehouse and order
coordination is missing as well. Both the supply members work independently in a more
‘decentralized’ manner. This system is more aligned to the traditional supply chain system and
the decision making on demand is found to be self reliant. Figure 12 depicts the No Information
case. Here, the customer demand arrives to the retailer and based on this information and his on-
hand availability of the stock the retailer raises order information to the warehouse. The warehouse
similarly based on his available stocks, immediately responds to serve the retailer or raises
purchase request with his suppliers, replenishes his stock and then further replenishes the
supplier’s inventory. Figure 12 depicts the flow in which the simulation model is developed. A
two-stage network system which includes the retailer and warehouse internally and the customer

or supplier at the external end is considered.
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Figure 12: No Information Sharing (NIS)

The detailed flow of the concept is as per Figure 13. The concept is evolved from the model
developed by (Tee & Rossetti, 2003). The authors have considered a warehouse and n retailers in
a two-echelon inventory system and simulated it to study the effectiveness of simulation models.
Their order flow is as shown in Figure 13. The authors have considered n retailers and the demand
processing is as per the compound Poisson demand. The concept of the two-level system is adapted
from this work but the thesis is limited to a single retailer and warehouse and hence a poisson

demand rate.

Customer Retailer(s) Request
Inventory :
Order replenishment
Arrival Process Control arder
Activities
Warehouse
Transport order Inventory
to retailer Control
Activities

Figure 13: Order flow in two-stage system (Source: Tee & Rossetti, 2003)
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Figure 13 shows the swim lane diagram to explain on the order flow between the customer, retailer
and the warehouse. As the flow indicates, the customer first arrives and places his order. On this
request arrival at the retailer side, the retailer processes it as per the (r,Q) policy. If retailer finds
that the available inventory is not sufficient, he raises an order with the warehouse. If not, retailer
would satisfy the request raised by the customer. The warehouse waits for order request from the
retailer and similar to the retailer operates on the (r,Q) policy and replenishes the retailer with

either inventory on hand or by replenishment from the supplier.

The performance level of the total cost of both the retailer and warehouse is considered as the
prime entity for the information sharing purpose. As seen, there is no coordination here, because
as the order arrives the retailer and warehouse work independently with respect to their inventory
and serve the upper levels. The fill/service rate of the retailer is more significant as it is the lowest

level in the system and it needs to be the highest level.

37



Case 1 — No Information Sharing

Consumer Retailer Warehouse

4 Order Arrival

Process Order
[r,Q) Policy

Place Order

Rais:
a_l = Process Order
Replenishment (r.Q) Poli
Order . &

Receive Order

Shi
Receive . L
e — replenishment
= Order

Update Goods
for Consumer

MIS Process Flow

Figure 14: No Information Sharing (NIS) — Swimlane Diagram

(Hopp and Spearman, 2011) have described on how to approach a two-stage system which has a
retailer and warehouse operating in continuous inventory policy with constant lead time. This

concept has also been adapted in the model. According to the authors the first step would be to
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place the retailer re-order level and order quantity to 1 so that the warehouse receives the same
poisson demand rate as the retailer. This enables us to analyze the warehouse as a single level and
fix its optimum values. The backorder level of the warehouse is also known from this analysis.
The author describes that the next step is finding the retailers lead time based on the warehouse
delivery which is computed by the equation (17) and (18). These equations are provided by (Hopp
and Spearman, 2011) and equation (17) is the wait time of an order at the warehouse and equation
(18) mean effective lead time at the retailer. In the thesis, the delivery/transport time is kept

constant at 1 day.

W 3B @D (17)
D
E[L] = Delivery time + W (18)

3.3.2 Partial Information Sharing (PIS)

In this case the system is to a certain extent coordinated between the retailer and warehouse. In
this level the customer in advance informs the retailer that he would be placing order at a particular
duration and also informs on the demand that would be placed and the due date on when he requires
it. This information is shared by the retailer to the warehouse and the warehouse also keeps his
supplier informed accordingly in order to meet the demand which is expected to arrive. Owing to
a certain level of collaboration, the retailer and the warechouse is aware of the information in
advance, they get the benefit to plan ahead and ensure to meet the customer demand. This basically

leads to the reduction of the lead time which ultimately results in the backorder reduction which
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translates to cost savings in terms of the total operational costs of the system and profit gain. Figure

15 gives us a representation of the information and material flow in the partial information system.

|
|
| |
Produet I
@ o E |
I ... - <31d1.=mce demand information | DDE £ DJejnand 1 ! i

Supplier WarTnuse R,BtTiler Customer

Order
Information

Figure 15: Partial Information Sharing (PIS)

The PIS system follows the concept explained by (Hariharan & Zipkin, 1995) on processing
advance information from customer. The authors have analyzed the benefit of the ADI concept
which is about knowing in advance on when a customer would arrive and after what time the
customer expect to receive the order. Also, the customers will not receive the order in advance. It
needs to be as per the due date set by them. From a conventional system point of view the demand
lead time is the time at which the demand/order is placed by the customer. The authors have found
that when the supply lead time deteriorates the performance of a system, parameter like the demand

lead time elevates it.

From this concept the partial information logic is designed and it is explained in two cases as
shown in Figure 16 and Figure 17. Say, Ls is the supply lead time and L, the demand lead time,
then there could be two main scenarios. In both scenarios, the customer and the retailer have

advance discussion on the order requests. For the early information discussion, the customer brings
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information on the order quantity and on when he expects the order. The retailer brings his

information on the supplier lead time to the discussion.

Case 0: When order delivery time > Ls. In this case the system has no issues and it can work as
normal system, and have the order request processed in time and serve the customer on his
expected due date. This is an ideal case which rarely occurs. Here the retailer based on the advance
information received he could delay the order to his supplier so that the supply lead time aligns to

the deliver date of the customer

Case 0 : Order Delivery Time = Ls

Early Information Order
Share Delivery Time

|

Timeline

Figure 16 : Case 0: Order delivery time > Ls

Case 1: When the order delivery time is a value between and 0 and supply lead time Ls. This is a
case where the supply lead time may need to be brought forward with the advance arrival
information from the customer. So, if a system is aware of L, and Ls then the supply lead time is
solved by the authors as L = Ls — L. Here, when the advance info is discussed based on the Ls

and order deliver time required by the customer the order arrival from the customer is planned by
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both the parties. Thus, with preparedness this new lead time information is considered in the

system, although it is lesser than the initial value.

Case 1 : 0 = Order Delivery Time = Ls

Early Information Df':_lﬂ- Order
Share Arrrval Delivery Time
L=Ls-Ld
Timeline
Ld Ls

Figure 17 : Case 1: 0 < Order Delivery Time < Ls

The PIS system has adapted this concept and has model aligned to it. The reduction in lead time
has eventually resulted in backorder reduction which has improved the performance of the total

cost.
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Case 2 — Partial Information Sharing

PIS Process Flow

Figure 18 : Partial Information Sharing (PIS) - Swimlane Diagram
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3.3.3 Full Information Sharing (FIS)

In this case, the two-stage inventory system reduces to a single stage inventory system. The retailer
does not hold any inventory and transfers all demand processing information to the warehouse. As
depicted in Figure 19, the retailer gets the demand from the customer and making use of the
technology at hand, it updates immediately on the inventory information’s to it. EDI (Electronic
Data Exchange comes to play here. The warehouse similarly pulls up the information process’s
the request and supplies the product back to the retailer which is to be directly served to the
customer. This is a Full information Sharing concept adapted from the Vendor Managed Inventory

system, where in the vendor takes full control of the demand information.

&, IS

Retijler :
) |
E._@ i
|

Customer

Figure 19 : Full Information Sharing (FIS)

As shown in Figure 20 the retailer publishes the inventory data received from the customer and
the warehouse pulls the necessary information required for its processing and process the order
and provides the information back to the retailer who in turn supplies the customer. As the

upstream members take control of the inventory processing it is more a VMI aligned model.
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Case 3 — Full Information Sharing — VMI Concept

Consumer Retailer

Warehouse

FIS Process Flow
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Place Order

Receive Order
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replenishment
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Figure 20 : Full Information Sharing (FIS) - Swimlane Diagram
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CHAPTER 4:

DES MODEL TRANSLATION IN ARENA

The concepts detailed in the previous chapter are translated into the Arena models for execution.
The DES elements are discussed and then the base simulation concept of the (r, Q) inventory policy
for information sharing is explained further on to its translation to Arena model. Figure 21 presents
the Arena and the Process Analyzer tool associated with the thesis. Any figure or discussion with

respect to the Arena tool in this document will be as per this version and revision.

About Arena >

Arena

m Version 15.00.00001
Copyright 2 2016 Rockwell Automation T echnologies, Ihe.
All Rights Rezerved.

Figure 21 : Arena Version 15.00.00001

4.1 Elements of the Simulation Model

Computer simulation is found to be very beneficial in simulating the mathematical model. It could
be executed many times to check the model reliability. The visualization which comes with it gives
the additional advantage. Arena is a software for discrete event simulation based on SIMAN
processing language. The thesis uses Arena to run experiments on a test supply chain system. It
has many terminologies which define the behaviour of the system being modelled, the system
description is clarified below followed by its components to support in better understanding and
analysis of the system. Also, terms which are part of the Arena software are detailed for more

clarity.
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4.1.1 System:

It is a set of objects grouped together for some interactions or interdependent coordination between
them so that a common objective is achieved by these objects in unison together. In order to model
a system, it is critical to understand the concepts behind a system and on the system boundary. The
system includes components such as the entities, variables and attributes which work towards the
objective being set. For the current issues, the system under discussion is the two stage supply
chain system working as per the inventory policy (r,Q). Some of the notable components of the
supply chain system would be the retailer and warehouse and their processing of the order which

gets raised by the consumer.

4.1.1.1 New Simulation Creation

Following are the steps followed to create a new project in the Arena Software

e In the Arena Software clicking on the main menu °‘File’ and then ‘New’ would be
generating a new Simulation Model.

e Once a new simulation page is available, clicking on ‘Run’ and ‘Setup’ under it leads us to
the Project Parameter page where the project title and other options as Figure is provided.

e The required statistics that needs to be collected are required to be chosen in this tab.
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Run Setup
Replication Parameters Array Sizes
Run Speed Run Control Reports
Project Title:

Arena Visual Designer
Project Parameters

|Supp\y Chain System - Information Sharing|

Analyst Name:

|Concordla University

Project Description:

Statistics Collection

[ ] Costing [v]Queues
Entities Processes
Resources [|stations
[ ]Tanks

[ ] Transparters
[ ] Conveyors
[ ] Activity Areas

Apply

Help

X

Figure 22 : Arena Run Setup

4.1.2 Events:

Systems evolve over time and to recreate the systems events are used in modelling. In simulation,
apart from the initial events additional logics play a role in recreating the necessary actions for a
change in state of the system. There are various ways in which events can be created in Arena,
some of the key ones used in the models developed are on creation of consumer demand/entity,
creating a delay, holding entities in queue and so on. Some of the main events developed are the

Entity, Delay module and the Hold module. Here the Entity is from the basic process block, but

the Delay module and the Hold module are from the advanced process block
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4.1.2.1 Events - Entity Creation

Following steps were followed to create an entity in the model.

e The entity is created from the ‘create’ block in the Basic Process tab

e Once Create block is added on double clicking it takes us to the Create dialogue box where
the entity name, type and expression can be entered

o

Also, the unit of the entity is updated in this dialogue box as shown in the Figure:

A
F}E\‘E Edit View Tools Arrange Object Run W

DEE|EE SR s aa « 5| of% |

v Help
¥ B »rur 1 L}

X2
NS eO0L0A|L-2A By =E-E-Er-m2rBE 0y % O of M b7 | b E
Project ar x
< Advanced Transfer
< Advanced Process Create ? %
< Basic Process
D) 1 [ Narne: Entity Type:
Create Dispose Process C v ‘ ‘Ermtyl v ‘
Time Between Arrivals
< (] ] Type Expression Units
Decide Batch Clone Expression v |EXPO(1/eMTBA} ~ | Days ~
l:l C] D Enfities per Arrival Mau Arrivals: First Creation
1 | [infinite | oo
Separate  Assign  Adjustable

Record Gotolabel  Label

= =) = o oerAmival \ Units Demanded Info Transfer to
g nits Demande ‘Warehouse
Attribute Entity Queue N

5= I == I o= N S

Resource ~ Variable  Schedule

Create - Basic Process

Name
@ @ [Order Arrival 1 Xpression E X eMTBA) ays i Infinite
2 ‘CreateOrderFrequencyObservanon OrderFreqObs ~ Constant 365 1
Set Picture

Days 1 Infinite 365
[

Figure 23 : Entity Creation

4.1.2.2 Events - Delay Module

Following steps were followed to generate a delay in the model

The ‘Delay’ block in the Advanced Process tab is chosen
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¢ On double clicking it the Delay dialog box opens for delay related information’s to be
entered in it
e The name of the delay, the delay time which could be the actual value or the variable

holding the value and its corresponding units is then entered and ‘Ok’ is clicked.

A4
ﬁ File Edit View Tools Arrange Object Run Window Help
DEHE & S| $BaR B 52150% v s |[ ¥ s B e o om M v A2
NSO A L-2CA B S-E-Br=cEy 0| ©F [ e C L
Project Bar =
< Advanced Transfer
< Advanced Process
O O 2

Assign Adjust
Attribute  Variable

(I R W

Delay Disperse

Allocation

~ | Non-value Added bd

Delay Time: Units
: fwhsLT v | Days v
EIff Ehl LeadSTlm? From |
Dropo Gather upplier e Help
1 1

Figure 24 : Delay Module
4.1.2.3 Events - Hold Module

Following steps were followed to create the events hold module in the model.

e The entity is created from the ‘create’ block in the Basic Process tab

e Once Create block is added on double clicking it takes us to the Create dialogue box where

the entity name, type and expression can be entered

e Also, the unit of the entity is updated in this dialogue box as shown in the Figure:
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4.1.3 Entities:

They are the objects of substantial importance and part of the system. They enter, flow through the
system and finally exit. In our model the customer placing the order information is an entity. This
order information flows down the model and based on the logic, appropriate events are generated
and finally it exits the system via the customer when it is satisfied by the inventory in hand or by

order. The other entity which is created in the model is the Order frequency observation block, this

< Advanced Transfer
< Advanced Process
| | ~
Assign Adjust
Attribute  Variable
Delay Disperse
(I (I
Dropoff Gather
(I (I
Hold Match

Name:

EBackOrdering Hold

Type:

Wait for WValue:

vSignalvalue

BackOrdering

Hold

Glueue Type
Queue

Clueue Name

BackOrdering Hold.Clueue

> ‘

Cancel

Help

Figure 25 : Hold Module

block helps to understand the number of entities that are received by the system in a year.

4.1.3.1

Entity Information

The model uses two entities and they are as follows:

e One is for the order arrival which is the order information received from the customer

e Order frequency generation which is basically calculates on the number of entities received

in a year.
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Figure represents on how the above-mentioned entities are configured and used in the model

further configuration information is explained in section 7.6.1.

Create - Basic Process

Name Entity Type Type Value | Expression Units Entities per Arrival {Max Arrivals | First Creation
1 » |Order Arival (Order Information Expression 1 EXPO(1/eTBACDF) Days 1 Infinite 0.0
2 Create Order Frequency :OrderFreqObs Constant 365 Days 1 Infinite 365

4.1.4 Attributes:

Figure 26 : Entities Information in Arena

It can be defined as a characteristic of the entity. There can be many entities for a system, but an

attribute is a unique representation associated with an entity and there by specifying it further with

respect to its properties. In the information sharing models developed, the main attribute created

to define the entity is the demand order from the consumer. This defines the order volume placed

by the customer. The other attributes in the system are the stock out flag indicator and the lead

time in satisfying the order with the customer. The stock out flag is set whenever there is no

inventory on hand and the inventory is backordered.

4.1.4.1 Attribute Information

Steps to create an attribute:

e Under the ‘Basic Process’ tab the ‘attribute’ is chosen

e In Spreadsheet view at the end it is double clicked to add a row to include an attribute and

its properties

e I[f the attribute needs an initialization, then the initial value is clicked, and the required

initialization is provided.
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Figure 27 : Attribute Information in Arena

4.1.5 Variables:

They are part of the system and define the system in a quantitative manner and evolve along with
the system. Once defined they can be changed as per the logic required thereby aiding to the change
in state of the system. Variables could be scalar or as an array. The models developed have used
the former declaration. All variables are ensured to start with the ‘v’ in front to represent it as

variable in the model. Eg. vReorderPt — Re-order point variable.

4.1.5.1 Variable Information

Steps to create on variables:

e Under the ‘Basic Process’ tab the variable is chosen
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e In Spreadsheet view at the end it is double clicked to add a row to include a variable and
its properties

e If the variable needs an initialization, then the initial value is clicked, and the required
initialization is provided.

EA Arena Training & Evaluation Mode - Commercial Use Prohibited - [FIS]
ﬁ File Edit View Tools Arrange Object Run Window Help
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D E:I Name Comment|Rows | Columns |Data Type | Clear Option |File Name |Initial Values | Report Statistics
1 ReorderPt v Real System 1rows O
Batch Clone 2 vReorderQty Real System 1rows O
3 vOnHand Real System 0 rows
] ] 4 vinvPos Real System Orows U
Separate Assign 5 vOnOrder Real System Orows O
6 vBackOrdered Real System 0 rows
7 vNumOrders Real System Orows |
D CI 8 vHoldingCost Real System 1rows O
Adjustable  Record 9 vBackOrderCost Real System 1rows O
Batch 10 vOrderingCost Real System 1rows U
D D 11 vDemand Real System 1rows O
Go to Label Label 12 vOrderCreation Real System Orows O

Double-click here to add a new row.
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Figure 28 : Variables Information in Arena

4.1.6 Queues:
Under the basic processes of Arena one other block used in the model is the Queues. This block is

used whenever the entity has a constraint and it needs for an event to happen. The queue when
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defined has many types in it but the model uses the ‘first in first out’ type. The queue which is
used in the model is the ‘BackOrder Hold.Queue’, this queue waits till replenishment has happened
either by the supplier or the warehouse so that the backorder level could be reduced, and customer

1s served.

4.1.6.1 Quecue Information

Steps to create a queue:

e A queue is created in conjunction with the advanced process block ‘Hold’

e When a Hold block is used, its dialog box property requires for a Queue name in relation
to it.

e This is provided via the basic process block ‘Queue’ tab

e When clicked in the spreadsheet view, it is double clicked to include queue and its
property which is the type

e As shown in the figure the ‘first in first out’ type is usually used
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Figure 29 : Queue Information in Arena

4.1.7 Expression Information

Steps to create an expression:

e In the ‘Advanced Process’ tab clicking on Expression takes us to the Expression
spreadsheet view

e Here on double clicking the last row the expression related name could be entered

.

Clicking on ‘Expression Value’ takes us to its dialog box where its related mathematical

expression could be updated as shown in the figure
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Figure 30 : Expression Information in Arena

4.2 Variable, Attribute, Queues - Arena Simulation Model

The following table 5 summarizes the definition and description of the variables, attributes and

queues as used in the Arena model. It is categorized under the headings of the ‘retailer’ and

‘warehouse’. If it is under ‘common’ then it is applicable to both the retailer and the warehouse.
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Common Retailer Warehouse Description
Variables
vDemand Poisson Demand Rate in a year
vRetailerLT Retailer Lead Time
var Retailer - Reorder Quantity
vRr Retailer - Reorder Point
vWhsLT Warehouse Lead Time
vQw Warehouse - Reorder Quantity
VRw Warehouse - Reorder Point
vROnHand Retailer - On Hand Quantity
vRONOrder Retailer - On Order Quantity
vRBackOrdered Retailer - Backorder Quantity
vRInvPos Retailer - Inventory Position
vWhsOnHand Warehouse - On Hand Quantity
vWhsOnOrder Warehouse - On Order Quantity
vWhsBackOrdered Warehouse - Backorder Quantity
vWhsInvPos Warehouse - Inventory Position
vNumOrder_R Retailer - Order Frequency count
vNumOrder W Warehouse - Order Frequency count
vRDemandLeadTime Retailer - Demand Lead time
vWhsDemandLeadTime | Warehouse Demand Lead time
ADI Advance Demand Information Flag
vHoldingCost Holding Cost
vBackorderCost Backorder Cost
vOrderingCost Ordering Cost
Attributes
aAmountDemanded Amount Demanded from Consumer
aRetailerSOFlag Retailer Stock Out Flag
aWhsSOFlag Warehouse Stock Out Flag
Queues

Retailer BackOrder Hold

Retailer Back log hold Queue

gWhsBackLogHold

Warehouse Back log hold Queue
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4.3 Replication Parameters tab Setup
In the Arena Environment, once the project is created the next step would be to setup the
‘Replication Length’. Replication Length is the number of times or how long the simulation is
required to be run for effective results.

e C(licking on ‘Run’ and ‘Setup’ takes us to the ‘Run Setup’ page.

e Inthe ‘Run Setup’ page choose the ‘Replication’ Tab. For this project the ‘Replication’ tab

has been updated as per the figure.

Run Setup >
Fun Speed Fun Cantrol Reparts Project Parameters
Replication Parameters Array Sizes Arena Visual Designer

Initizlize Bet Replicati
Mumber of Replications: Aflzs BEtwesn Replestons

|@ | Statistics System
Start Date and Time:

IO Sunday . Apil 28,2019 7:28:55PM B |
Wam-up Period: Time Units:

3600 | Days v
Replication Length: Time Units:

[79200 | Days v
Hours Per Day:

24 |

Base Time Units:
Days i

Terminating Condition:

Carcel Aoply Help

Figure 31 : Run Setup — Replication Parameters Tab
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44 (r,Q) Model Explanation

The information sharing model is based on the (r,Q) inventory policy among the retailer and the
warehouse. The Arena model of the (r,Q) inventory policy which is used in the processing of the
orders is work of (Rossetti, 2015) which has been updated to suit the needs for the information
sharing concepts. But this model has been used and extensively updated and expanded for further
applications for all the three scenarios. So, this section shall provide a background with respect to
this model. The model is explained in three parts the filling logic, backordering logic and

replenishment logic.

The Filling Logic:

This logic receives the incoming order from the customer, validates it with its current on-hand
inventory, and if the inventory requested is available it immediately fills the demand requested by
the customer, records the stockout status, then it sees whether it has reorder or there is still
sufficient inventory available on hand. If available, it exits the system. If not, it goes ahead to
reorder the required inventory from the supplier. The author (Rossetti, 2015) has used a ‘create’
block for the entity arrival, then ‘assign’ blocks for the assignment of inventory levels and order
information, then ‘decide’ block with a ‘2-way by condition’ type for decision on whether there is
sufficient inventory on hand or whether required to re-order. Figure 32 represents this flow as

modeled in Arena.

The first step in this model is to create an entity through the ‘create’ block with the mean time
between arrival set to exponential distribution for the demand rate. The demand is considered for
a year so the demand in the case study for the information sharing problem so the ‘expression’ in
the create module dialogue is entered as “EXPO(1/vDemandRate)” where the vDemandRate is a

value considered for the experiment.
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Figure 32 : Filling Logic (Model Source: Rossetti, 2015)
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Back Ordering Logic:

Whenever there is not enough inventory on hand to satisfy the customer then the order information
goes through the backordering logic. Here the backorder quantity is calculated and then owing to
this new order whether a reorder is required or not is checked then the required quantity goes
through the ordering path and then waits, if no order is necessary still the system waits until a

replenishment happens from the supplier.

The blocks used to implement this logic would be the assign, decision, separate and the hold block.
Assign blocks in this logic identify on the backordering quantity and later when the replenishment
has happened it updates on the backorder quantity with the customer. The decision block is same
as in the filling logic with the ‘2-way condition type’. The separate block is to split for execution
in two ways based on the original entity flow. The type chosen is to “Duplicate Original”, so there
are two paths the duplicates would exit out of the duplicate path and the Original via the original
path. The entities enter and exists in the first come first serve basis in the queue. Here it waits for
the signal value 1 to be generated so that it can exist the queue the signal value 1 is set whenever
the replenishment is complete, and the quantity ordered is available for refill to the customer.

Figure 33 shows the model flow of this detailed backorder logic.
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Figure 33 : Back Ordering Logic (Model Source: Rossetti, 2015)

Replenishment Logic:

The order placed then goes through the replenishment logic of the model. This part of the model
waits for the supplier lead time to be met and then on receiving the shipment signals, it replenishes
the on-hand inventory level. It also signals to the backorder queue stating that the shipment has

arrived, and the backorder quantity could also be met and finally it exits the system.

The blocks used here are the delay, assign, record, signal and dispose. The delay block replicates
the scenario of supplier lead time. The delay time is entered in the dialogue box and this is the
duration until when it creates a delay before moving on to the next block. The delay here is just a
representation as it were supplier working to get the order to the retailer or warehouse. Once the
delay is complete the assignment block updates on the order information as being received and
updating the on-hand inventory level to the order quantity requested. Then there is the record block
which records on the time instant and calculates the time interval between the instant the order was
placed to this instant and outputs it as the Demand Lead Time. The signal block updates with a
signal value to the backorder queue indicating that the replenishment has happened. With these

actions the reordering is complete and via the dispose block the entity is exited from the system.
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Figure 34 : Replenishment Logic (Model Source: Rossetti, 2015)

Performance Measure collection logic:

Now with the core logic model done, in order to collect data over an interval this performance
measure logic has been developed by the author. The order interval of collection is customized
for the information sharing models to be for a year and this information is provided on frequency
observation entity. So every 365 days the measure happens. It is mainly for measuring the order
frequency which is number of orders received in a time interval. So, with the variable vNumOrder
the number of orders is continuously collected and after every 365 days this variable total value is
recorded and reset to 0. With this variable the Order Frequency is understood which also confirms

to us whether the demand set is being met by the model.

Create Order \
Frequency , ecord Avg Num
Observation I Orders
0

Reset Order

Counter

Dispose 3

Figure 35: Performance Measure collection Logic (Model Source: Rossetti, 2015)

4.5 Information Sharing model

The model details of the three scenarios are detailed in this section.
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4.5.1.1 No Information Sharing model

This model follows the concept as explained in the section 3.2.1. There are two parts in it the
retailer part and the warehouse part. Both follow the (r,Q) policy as explained in detail in the
previous section. Here the incremental logic was the connect between the retailer and warehouse
to operate based on the entity configured for it. Figure 36 shows the model used for the retailer

logic.

In this retailer logic, it can be observed that when the retailer is out of stock he raises request to
the warehouse module via the ‘Route’ block. Figure 37 shows the logic for the warehouse. Here

via the ‘Station’ block the retailer and the warehouse logic flow is established.
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Figure 36: Retailer Logic
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A challenge in this model is on the collection of statistics. The model has to display or provide
information on the cost calculations. In this model the statistics with respect to the cost is

implemented via the equations (12) to (16) via two main blocks in Arena.

The Expression Block: It is a block in the Advanced Process of Arena. Here any times equations
that require to be fed to the block or required for statistics purpose could be entered here with an
associated name aligned to it. For this model, the cost calculations have been generated via the
expression block. As seen in figure 38 all the cost values are reflected here with respect to both
the retailer and the warehouse. The equation is entered via the expression values dialogue box

when the row against the name is clicked.

E=preszion - Advanced FProcess
Mame Comment | Rows | Columns | D:ata Type | File Name | Expression VYalues

1 eTBA Native 1 rows

2 HC_W MNative 1 rows

3 BC_W MNative 1 rows

4 oc_Ww MNative 1 rows

5 HC_R Mative 1 rows

6 OCc_R Mative 1 rows

7 ¢ |BC_R Native 1 rows
Double-click here to add a new row.

Figure 38: Expression Block

The expression value entry is shown in Figure 39. Here the function DAVG() is used. This function
returns the average of the time persistent value. So, product of the HC and the average on hand
value would return the holding cost of the warehouse or the retailer. All other costs are calculated

in the same manner.
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vHoldingCoast * DAVGHWWWhsOnHand Value)

Figure 39: Expression Value Dialogue in Expression Block

Once the costs are available in the expression block, these expressions are used in the statistics
block in Arena to output the desired result. Statistic is a block in the Advanced Process tab in
Arena. The screen of it is as shown in the Figure 40. From the expressions previously entered, the
TC of the retailer, warechouse and the supply chain system are given as expression so it can be
generated as output. Here the OVALUE() function is used. The OVALUE () function returns the

last recorded value of the specified output.

Statiztic - Advanced Process

Mame Type Report Label | Output File
1 p C_W « | Qutput HC_W +BC_W + 0OC_W TC_W
2 TC_ R Cutput HC_R+BC_R+0C_R TC_R

TC_SC Output OVALUE(TC_W) + OVALUE(TC_R) TC_SC

Double-click here to add a new row.

Figure 40: Statistic Block

4.5.1.2 Partial Information Sharing model
The PIS model follows the NIS model similarly but it has been updated mainly to include two
main logics. Those are the ADI check logic and the due date delivery logic. In the ADI check logic,

as soon the entity is created the retailer checks for the advance information from the customer on
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the demand lead time and the due date delivery. Based on it, it changes its supply lead time and
flags the information to the warehouse. The warehouse once receives request from the retailer,
would first use the ADI logic to check if the ADI is received and based on the ADI information it
will as well update the supply lead time as per the equation L= Ls — Lp . This causes a reduction
in the supply lead time for both the retailer and the warehouse, thereby reducing the backorder

level when compared to the NIS model. This logic implementation is shown in the Figure 41.

Customer Adv Info 7

Figure 41: ADI check logic

The other logic is about the due date delivery logic which is shown in Figure 42. This logic is
basically introduced to satisfy the requirement on customer to receive his shipment only after his
demand lead time and no other time in advance or later. A late arrival may land up in penalization
but an advance (early) arrival of order is also not in customer’s interest as it may increase the
holding cost of the customer. So, this logic is introduced to simulate this condition and it has been
added whenever a replenishment happens to the customer. The decide block checks on whether it
is the due date. If it is not the due date, it delays the delivery and then flags for customer shipment.

This logic is in both the retailer as well as in warehouse logic.
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Record CrderLT

Wait for deliverny

Figure 42: Due date delivery logic

4.5.1.3 Full Information Sharing model

This model is as explained in section 3.3.3. The incremental changes done was to create a push/pull
of the order information so close to a VMI concept could be simulated here. As shown in the Figure
43 the retailer receives the customer order information and signals on information shared to the
warehouse. The warehouse pulls this information and immediately process it as per the (r,Q)

inventory process model and delivers it to the retailer.
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Figure 43: (Model Adapted: Rossetti, 2015)
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4.6 Process Analyzer Output

When multiple experiments need to be run for certain number of replications, the tool used is the
process analyser tool. The models generated uses the process analyser tool for two main purposes,
the first one was to verify the model generated and the next one was to conduct the sensitivity
analysis via the process analyser. It is a tool provided by Arena to check on multiple scenarios.
The tool is a simple on with three areas in it, the region in which property of the project is given,
the experiments execution region and the region in which the charts are displayed. Figure 44 shows

the Process Analyzer tool from Arena

Y Process Analyzer - [Project1] — [l X

File Edit View Insert Tools Run Help

beE &8 (¥4
i

Project Iltems  Displg

Scenarios S Name |Program File Reps
Controls
RespDnseS Double-click here to add a new scenario

Charts

Scenario Properties

< >

A [T .

For Help, press F1 A

D Fiire T T

Figure 44: Process Analyzer Tool

Here the scenarios were created by double clicking on the experiment execution region and the

property dialogue information was filled, like as shown in Figure 45.
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Scenario Properties X

Narme:

Scenario 6

Program File
ChSuganiConcordia_UniversibiMaster_ThesisiArena| S_A‘

Browse. .
Status: “ersion: 71

“ Fragram File OK

Figure 45: Scenario Property

Once the line item is created the scenarios and controls were provided. In the verification and
validation of the model, a total of 9 scenarios were considered. The controls were mainly based on
the demand, reorder point and the reorder quantity. These controls based on the mathematical
calculations; the values were entered in the process analyser. These inventory control values were
the optimum values with respect to both the retailer and the warehouse in the case of the NIS or
PIS. Based on these inputs, the output response which is the total cost of the supply chain system
is observed. Figure 46 shows an example on how the controls were set and response was received

after execution of the experiments.
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Controls Response
vReorderQty | vReorderPt TotalCost

2.0000
4.0000
7.0000
15.0000
22 0000
T
71.0000
74.0000

77.0000

Figure 46: Scenario, Controls, Response
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CHAPTER 5:

NUMERICAL ILLUSTRATION

In this chapter, we demonstrate various supply chain information scenarios through the discrete
event simulation model. A small and simple case scenario is considered and this scenario is applied
to all information models of collaboration. Let us consider a two-echelon supply chain. Last year
data collected for a commodity has an annual demand (D) at a Poisson rate of 5 container units per
year. The cost of a commodity container unit is $150, and if an interest rate of 20 percent is applied,
the annual holding cost # becomes 0.2($150) = $30 per year. Let’s consider that it takes a total
time of 45 days to receive a replenishment order. The purchase order for the commodity is set at
about $15, and the annualized cost of a backorder is about b = $§100 per year. The demand model
follows a Poisson Distribution. Also, there is a fixed transportation time between the warechouse
and the retailer of 1 day. This base scenario has been applied to all three levels of partnership and
the output of the results has been documented as per the below sections. The
‘tQInventoryModel,xIs’ spreadsheet of the author (Rossetti, 2015), consisting of macros to
support in calculating the inventory levels has been adapted to calculate for various values of
demand and between the retailer and warehouse, ADI concept and retailer warehouse
collaborations.

The Numerical Analysis has been carried out to verify and validate the model. For verification the
above scenario for a known value of demand is verified and then it is tested for various values
ranging from 5 to 6000. The output of the model against this range is checked as part of the

sensitivity analysis to validate the models. The below sections detail on both these evaluations.
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5.1 Model Verification

Verification is carried out to ensure the correctness of the model whether the logics executed are
working as intended and the values generated from it is close to the values expected or whether a
tolerance exists when checked for extreme values. The three models in discussion were verified
with various inputs and from the outputs generated, and the closeness to the calculated values was
verified. To understand the verification process, a sample with demand rate 5 is analysed for all

three levels.

No information sharing:

No Information Sharing

Expected | Actuals
Retailer Order Frequency | 2.500 2.522
Warehouse Order Frequency | 2.500 2.522

Retailer Back Order Level 0.000 0.003
Warehouse Back Order Level 0.017 0.025

Retailer On hand level 1.470 1.438
Warehouse On hand Level 1.900 1.903

TC R | 81.620 | 81.310
TC W | 96.160 | 97.466
TC_SC | 177.780 | 178.780

Table 6: NIS Verification
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5:50:04PM User Specified April 26,2019

Ne Information Sharing Replicaions: 10 l

3.600.00 TimeUnis: Davs

Replication 10

79.200.00

Start Time Stop Time

Tally
Expression Average Half Width Iini mum Iaximum
Record CustomersenveRate 08713 0.009213107 ] 1.0000
RetailerCrderFregquency 25217 (Insufficient) i G.0000
WhsOrderFreguency 25217 (Insufficient) ] G.0000
Interval Average Half Wi dth fAini mum Iaximum
Custormer Lead Time 4.0547 0.565907872 2.2099 43.6684
Time Persistent
Yariahle Average Half Wi dth rAinimum Iaximum
vRBackOrdered 0.00341018 (Insufficient) i 2.0000
vROnHand 14381 0.032105388 a 2.0000
viWhsBackOrdered 00255251 (Insufficient) 0 4.0000
vilWhsOnHand 1.9029 0.035644387 0.5000 2.5000
Output
Output WValue
TC_R 81.3096
TC_SC 178.78
TC_W 97 4658
Replication 2 Start Time: 360000 StopTime 7920000 TimeUnts: Days

Figure 47: NIS — Arena Report
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Partial information sharing:

Partial Information Sharing

Expected | Actuals

Retailer Order Frequency | 2.500 2.488

Warehouse Order Frequency | 2.500 2.488

Retailer Back Order Level 0.000 0.000

Warehouse Back Order Level 0.000 0.000

Retailer On hand level 1.495 1.491

Warehouse On hand Level 1.368 1.463

TC R | 82.360 | 82.038

TC W | 79.000 | 84.227

TC SC | 161.360 | 166.265

Table 7: PIS Verification
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6:06:34PM User Specified April 27, 2019

No Information Sharing Replications: 1 I
\Replicatiun 1 Start Time: 3,600.00  StopTime:  79,200.00  Time Units: Days
Tally
Expression Average Half Width Minimum Maximum
Record CustomerServeRate 1.0000 0.000000000 1.0000 1.0000
RetailerOrderFrequency 24879 (Insufficient) 0 6.0000
WhsOrderFrequency 2 4879 (Insufficient) 0 6.0000
Interval Average Half Width Minimum Maximum
Customer Lead Time 9.9861 (Correlated) 0.9139 10.0000
Time Persistent
Variable Average Half Width Minimum Maximum
vRBackOrdered 0 (Insufficient) 0 0
vROnHand 1.4906 0.030299053 0 2.0000
vWhsBackOrdered 0.00014699 {(Insufficient) ] 2.0000
viWhsOnHand 1.6831 0.007157552 0 2.0000
Qutput
Output Value
TC_R 82.0377
TC_SC 166.26
TC W 84.2268

Figure 48: PIS — Arena Report

80




Full Information Sharing:

Full Information Sharing

Expected | Actuals
Warehouse Order Frequency | 2.500 2.488
Warehouse Back Order Level | 0.017 0.020
Warehouse On hand Level | 1.900 1.894
TC SC | 96.161 | 96.151

Table 8: FIS Verification
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10:36:56PM User Specified April 26,2019

Unnamed Project Replicatons: 10 I

Time Units:

Davs

3.600.00

7920000

Replication 1

Start Time: Stop Time

Tally
Expression Average Half'Width Iinimum Maximum
CustomerServeRate 0.9036 0.025499900 ] 1.0000
CrderFrequency 248749 (Insufficient) ] 6.0000
Interval Ay erage HalfWidth Iinimum Maximum
SCLeadTime 1.4619 0.472940754 0 39.6422

Time Persistent

Variable Ay erage Half Width Minimum Maximum
vBackOrdered 0.02005291 {Insufficient) 0 3.0000
vonHand 1.8942 0.039164414 0 3.0000
Qutput

Output Walue

BackorderCost 2.0053

HoldingCost 56.8266

OrderingCost 37.3188

TotalCost 961507

Replication 10 Start Time 360000 StopTime 7920000 TimeUrnis: Days

Figure 49: FIS — Arena Report

5.2 Model Validation
The models as explained in the previous section has been run for 79200 days with a replication of
10 as settings. But still to ensure on stability it has been executed for a max replication of 50 and

the result was found to be the same. 50 Reps was found to be reasonable to check for because the
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number of days each rep gets executed for is high. Each of the scenarios will show outputs with

both 10 and 50 reps executions.

5.2.1 Scenario 1 —NIS

This ‘No Information Sharing’ scenario is the base with which the other scenarios are evaluated
or analysed. Since this is the base, many executions (iterations) were done to ensure that the actual
values are closer to the theoretical values. Table 9 reflects on the theoretical deductions created
before feeding the input to the simulation model for this scenario. For a demand rate, set the
optimal reorder point and reorder quantity at both the retailer (Rr and Qr). The warehouse (Rw,
Qw) is found and fed as controls to model. The expected response (spreadsheet results) are

evaluated against the model outputs.

Retailer Input Parameters

D LTr gr h b o
3 22009 0.0303 30 100 15

Eetailer Optimum Fesponse

r CR £ Br
2236 0769 0736 0.158

Warehouse Input Parameters

D LTw B h b o
3 45 0.6164 30 100 15

Warehouse Optimum Eesponse

Orw CR Z Bowr
2236 0.769 0.736 1.193
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Total Cost Calculation of the Supply Chain for various Demand

Control Eesponse Expected
D Crw Fow Cr Br LTr TCr TCw BC_TC
5 2 1 2 0 22009 81.62 06.16 177.78
20 4 4 4 0 1.3808 147.82 198.74 346.56
50 7 8 7 0 1.3668 221.83 28874 510.59
220 14 30 14 0 12822 44030 569.13 1009 43
500 22 67 22 2 1.1444 69071 87232 1572.03
2200 46 283 46 3 1.0663 1470.88 1827.33 320821
5000 T 633 | 17 1.0404 2220.38 2763.17 408335
GO0 17 159 T 20 1.0563 2420.08 303743 543751

Table 9: NIS — Input and Output Parameters

After Table 9 has been generated, the input controls are fed to the models and to run multiple test

cases the process analyzer tool is used. The model is repeated for 10 iteration and has a warm up

period of 3600 days and a replication length of 79200 days. So, executing model for longer days

and for various values of demand iteratively helps us to validate the model better. The process

analyser output is as shown in Figure 50. The responses are found to be close to the mathematical

calculation developed.

\9 Process Analyzer - [NIS.pan] - O
File Edit View [Inset Tools Run Help
el = i e LY4
El= Scenario Properties. Controls Responses.
Project ftems Displz ~
=1 Scenarios 3 Name Program File | Reps| wDemand wQw vRw ~ar wRr vRetailerLT| vWhsLT TC_R TC_W TC_SC
G Scenario 1 Visibl . - - =
o Scenaro 2 Visibl 1 é Scenario 1 16 NIS.p 10 5.0000 2.0000 1.0000 2.0000 0.0000 22008 45.0000 81.774 88.343 180.117
G Scenario 3 Visibl 2 4 Scenario 2 16: NISp 10 200000 4.0000 4.0000 4.0000 0.0000 1.3808 45.0000 145 587 202501 348 488
Gy Scenario 4 Visibl 3 [ Scenario3 ! 16:NIS.p 10 S0.0000 7.0000 8.0000 7.0000 1.0000 1.3668 45.0000 240.677 304.969 545.646
G Scenario 5 Visibl - . -
o Scenario 6 Visibl 4 é Scenario 4 16 NIS.p 10 220.0000 14.0000 30.0000 14.0000 0.0000 1.2822 45.0000 443353 596.274 1038627
& Scenario 7 Visibl 5 |4 ScenarioS | 16:NIS.p 10 £00.0000 22.0000 E7.0000 22.0000 2.0000 11444 45.0000 686.316 804.562 1450878
gy Scenario 3 Visibl 6 |4 Scenaric6 | 16:NISp 10§ 2200.0000 45.0000 283.0000 45.0000 &.0000 1.0883 45.0000 1436.808 1916.771 3353.579
(=) Controls -
G vDemand isible 7 é Scenario 7 16 NIS.p 10 | 5000.0000 71.0000 635.0000 71.0000 17.0000 1.0404 45.0000 2188.407 2356.292 4544 699
LR ikl ¥
< oot " ;I 8 | A Scenarin® : 18:NISp 10 | 8000.0000 77.0000 755.0000 77.0000 20.0000 1.0563 45.0000 23095.446 3097.333 5492780
N "-'I_, Project ._! Siaus Double-click here to add a new scenario.
vWhsOnHand(User Specified Variable in NIS.p) A NUM

Figure 50: NIS — Validation
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& Process Analyzer - [NIS.pan] - ] x
File Edit View Insert Tools Run  Help
bEed &® L]
| x N N
= Scenario Properties Controls Responses
Praject ftems Displz ~
- Scenarios 5 Name Program File | Reps| wDemand vaw vRw war wRr vRetailerLT| vWhsLT TC_R TC_W TC_SC
G Scenario 1 Visibl 5 = =
¢ Scenario 2 Visibl 1 4 Scenario 1 A7 D NIS.p 50 5.0000 2.0000 1.0000 2.0000 0.0000 2.2058 45.0000 81.337 97.853 179.1850
G Scenario 3 Visibl 2 A Scenario 2 A7 NIS.p 50 20.0000 4.0000 4.0000 4.0000 0.0000 1.3808 45.0000 146.154 202179 348333
" Scenario 4 Visibl 3 |4 Scenariod | A7:NIS.p | 50 | 50.0000 7.0000 8.0000 7.0000 10000 13668 45,0000 240131 304.378 544508
G Scenario & Visibl L -
G Scenario 6 Visibl 4 4 Scenario 4 A7 NIS.p 50 Z20.0000 14.0000 30.0000 14.0000 0.0000 1.2822 45.0000 442529 598.161 1042.690
G Scenario 7 Visibl 5 4 Scenario 5 A7 D NIS.p 50 500.0000 22.0000 67.0000 22.0000 2.0000 1.1444 45.0000 686.407 B808.230 1494 637
(o Scenario 3 Visil 6 |4 Scenario6 | 17:NISp | 50 | 2200.0000 460000 233.0000 460000 3.0000 1.0663 450000 1436 204 1920 433 3356 637
=~ Cortrols I
g vDemand  Visibl 7 |4 Scenario7 | 17:NSp | 50 | S000.0000 i 710000 | 6350000 : 710000  17.0000 | 10404 = 450000 | 2187.957 2358500 = 4546.456
< £t VQw \‘r‘g";" M 2 |4 Scenariod | I7:NISp : 50 @ 6000.0000 77.0000 759.0000 77.0000 20.0000 1.0563 45.0000 2394 805 & 3099387 & 5404192
o  Project ._!Etams Double-click here to add a new scenario.
A NUM

Figure 51:

5.2.2 Scenario 2 — PIS

NIS — Validation for 50 Reps

Here apart from the base scenario mentioned above, there is an additional case assumed. The

customer gives in advance that his order is going to be available at a time t and he would like his

order to be met by 10 days from it. This information is available in advance to both the retailer and

the warehouse. This from the previous scenario has a shortened lead time and from the

mathematical model explained in the Table 10. the inventory level is partially improved and

backorder level is not there as the warehouse is prepared with this level of information Sharing

which aids him to serve the retailer and the
Batailer Input Parameters
D Ird LTr Lr or h b o
3 1 13419 0342 0.0047 30 10:0 15
Beatailer Optimum Response
Or CE. il Br
2236 0769 0736 0053
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Warehouse Input Parameters

D rd LTw Lw B h b o
3 33 43 10 0.1370 30 100 13
Warehouse Optimum Responze
Qo CE. Z Fw
2236 0769 0.736 0410
Total Cost Calculation of the Supply Chamn for various Demand
Control Fesponse Expected
D O Bw Qr Rr Lr TCr TCw SC TC
] 2 0 2 0 03420 3236 1900 161.36
20 4 1 4 0 0.1097 14982 164,34 314.16
50 1 2 7 0 0.0017 226.77 247.68 47445
220 15 8 15 0 0.033 43939 521.83 081.22
500 22 16 2 0 0.0340 684.52 761.01 144553
2200 47 66 47 0 0.0133 1419.70 1604.48 3024.18
5000 11 146 71 0 0.0085 213236 2421.36 453472
6000 11 173 I 0 00093 233416 2617.66 4651.32

Table 10: PIS — Input and Output Parameters

With the numerical table complete, the model is fed values from it and the out put is observed. The
model goes through iterations for various values until an optimized situation is reached for a
demand value. Once the model is verified for a demand value as per the mathematical sheet then
for various values it is run in the Process Analyser tool in Arena. Figure 52 shows the Process
Analyzer output for the demand values provided to the model. The response is found to be close
to the mathematical calculations. One additional output compared to the NIS is the customer lead
time response. As shown in the figure 52 it is averaging to 10 days as expected by the customer

and it does not vary between the min and max values. This result confirms to us that the

requirement of meeting the due date of the customer is met.
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5.2.3 Scenario 3 — FIS

Figure 53: PIS — Validation for 50 Reps

In the complete information sharing, with respect to the numerical the retailer has no storage hence

apart from providing the demand information to the warehouse it does not carry out any processing.

As the two-stage system becomes a single stage the value assumptions hold good for the warehouse

and for the retailer only the profit functions exist. Table 11 gives the mathematical evaluation in

the excel sheet as in a single stage system.

87




Warehouse Input Parameters

D

LTw

oy h

5

45

06164 30

Warshouse Optimum Fesponse

Ohw

CR

17

0.769

Total Cost Caleulation of the Supply Chain for various Demand

Control Response Expected
D Orwr Bw Qr Br TCr TCw  8C TC
5 2 1 - - 0 06.161 96.161
20 4 5 - - 0 226.855 216.36
50 1 8 - - 0 283743 28374
220 15 31 - - 0 500705 39071
500 a2 67 - - 0 872317 87232
2200 47 283 - - 0 1825967 18326
5000 71 33 - - 0 2765.169 2763.2
G000 17 160 - - 1 3061.84% 3062.8

As seen from the mathematical model computed, the retailer part does not exist, the warehouse
does the complete processing and the values are observed for it. Feeding these inputs to the model
and after repeated execution the model is verified against the model and then it is validated across

various values of demand via the Process Analyzer tool and the Figure 54 depicts these outputs for

Table 11: FIS — Input and Output Parameters

the controls set for it.
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Figure 55: FIS Validation for 50 Reps
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5.2.4 Sensitivity Analysis

Sensitivity Analysis is chosen as the best approach to validate the model. This checks the
robustness of the model and helps us to understand on the response for different values of the
control. Also executing it as a batch the various factors together aids us to conclude better on the

outcome of the outputs obtained.

Now the model has been verified and validated across various collaborations for information
sharing. The outputs from it are consolidated as shown in Table 12. The No information sharing
system (NIS) is kept as the base and compared with the other two systems. The NIS could be the
traditional system looking to transform to the partial or the full information system which are more

agile versions in comparison to it.

From the table, on comparing the partial information system values to the no information sharing
system an average of 7% improvement is observed and similarly if the full information Sharing is

compared to the no information Sharing then there is a 40% increase overall.

Arena Simulation - Sensitivity Analysis

Total Cost 5 TC reduction % to NIS
Demand Rate —

NIS PIS FIS PIS FIS
5 180 168 97 7% 46%
20 350 330 227 6% 35%
50 546 504 288 8% 47%
220 1039 049 592 Q% 43%
500 1491 1369 873 8% 41%
2200 3353 3136 1823 6% 46%
5000 4545 4204 2760 8% 39%
6000 5492 5174 3024 6% 45%
Average 7% 43%

Table 12: Sensitivity Analysis Table
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This shows that the full information Sharing is more robust compared to the partial information
Sharing. Also, in Figure 56 the total cost of the supply chain is plotted against various demand

values and the performance of the three level of information sharing is analyzed.
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Figure 56: Demand vs Total Cost based on Information Sharing

From Figure 56, it can be seen that with no collaboration the supply chain cost is found to be
highest. Followed by it is the partially shared model. Although this graph is very close to the NIS
graph, there is still a 7% improvement and since the demand is checked over a range the smaller
demands looks to be nearer. With respect to FIS since the retailer part is not available, a significant
gap is seen. Even if the system would like to consider partially some holding cost for the retailer,

still the FIS is more robust compared to other information sharing model with 43%.
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CHAPTER 6:

CONCLUSIONS AND FUTURE WORKS

6.1 Conclusion

This thesis attempts to demonstrate how information sharing within the supply chain can be
beneficial. A two-stage system comprising of an independent retailer and warehouse are studied
for inventory management. Partial and full partnership scenarios are applied to the same two-stage
system and results compared with the initial base study (no information sharing). The partial
information sharing model uses an advance demand information concept by which the customer
shares his order information and his due date expectation in advance. The full information sharing
model on the other hand is based on the VMI concept in which there is no retailer and the entire
decision of the inventory management system is with the warehouse. The three levels are modelled
in Arena Simulation and the output of the models are taken for study. The comparison results show
that there is a progressive improvement in the profit when moved from one level of information
sharing to another. Thereby deducing that a collaborative supply chain is an efficient supply chain.
Also, the simulations developed may aid traditional retailers looking to transform to an agile
supply chain. It supports to experiment their supply chain transformation policy and to fine tune it

as required before the actual policy is deployed for adherence.
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6.2 Future Works

The proposed work can be extended in various ways as discussed below:

¢ A multi echelon system can be considered where in a warehouse serves multi retailers who
in turn serve their customers at the end. This will involve migrating from a two-stage supply
chain system to a multi-level storage supply chain system.

e The focus of the thesis was on horizontal collaboration. There is possibility to extend it to
multiple hierarchies i.e. vertical collaboration within and across organizations (Barratt,
2004).

e The thesis studied unidirectional information sharing from the retailer to supplier up
stream. Bidirectional information sharing can be investigated.

e The cost of information sharing can be included in the present study. The retailer and
warehouse may need to pay an investment cost to have information shared in by the
customer.

e Information sharing across the supply chain member may lead to data leakage or
unnecessary outflow of information to partner member where it could be misused. So
information security mechanisms on how this could be controlled can be considered in the
future work.

e Last, but not the least the type of information sharing could be extended to more than

demand.

93



REFERENCES

Barroso, A. P., Machado, V. H., & Machado, V. C. (2013, December). Demand information
sharing impact on supply chain management under demand uncertainty. A simulation model.
In 2013 IEEE International Conference on Industrial FEngineering and Engineering

Management (pp. 924-928). 1IEEE.

Ali, M. M., Babai, M. Z., Boylan, J. E., & Syntetos, A. A. (2017). Supply chain forecasting when

information is not shared. European Journal of Operational Research, 260(3), 984-994.

Altiok, T., & Melamed, B. (2010). Simulation modeling and analysis with Arena. Elsevier.

Arts, J., & Kiesmiiller, G. P. (2013). Analysis of a two-echelon inventory system with two supply

modes. European journal of operational research, 225(2), 263-272.

Attaran, M., & Attaran, S. (2007). Collaborative supply chain management: the most promising
practice for building efficient and sustainable supply chains. Business Process Management

Journal, 13(3), 390-404.

Axsidter, S. (1990). Simple solution procedures for a class of two-echelon inventory

problems. Operations Research, 38(1), 64-69.

Axsiter, S. (2000). Exact analysis of continuous review (R, Q) policies in two-echelon inventory

systems with compound Poisson demand. Operations research, 48(5), 686-696.

Barratt, M. (2004). Understanding the meaning of collaboration in the supply chain. Supply Chain

Management: an international journal, 9(1), 30-42.

94



Bottani, E., & Montanari, R. (2010). Supply chain design and cost analysis through

simulation. International Journal of Production Research, 48(10), 2859-2886.

Cachon, G. P., & Fisher, M. (2000). Supply chain inventory management and the value of shared

information. Management science, 46(8), 1032-1048.

Cannella, S., Framinan, J. M., & Barbosa-Pdvoa, A. (2014). An IT-enabled supply chain model: a

simulation study. International Journal of Systems Science, 45(11), 2327-2341.

Cao, M., Vonderembse, M. A., Zhang, Q., & Ragu-Nathan, T. S. (2010). Supply chain
collaboration: conceptualisation and instrument development. International Journal of Production

Research, 48(22), 6613-6635.

Caridi, M., Cigolini*, R., & De Marco, D. (2005). Improving supply-chain collaboration by linking

intelligent agents to CPFR. International journal of production research, 43(20), 4191-4218.

Chakraborty, A., Chatterjee, A. K., & Mateen, A. (2015). A vendor-managed inventory scheme as
a supply chain coordination mechanism. International Journal of Production Research, 53(1), 13-

24.

Chan, H. K., & Chan, F. T. (2009). Effect of information sharing in supply chains with

flexibility. International Journal of Production Research, 47(1), 213-232.

Chang, Y., & Makatsoris, H. (2001). Supply chain modeling using simulation. /nternational

Journal of simulation, 2(1), 24-30.

95



Chen, F., & Zheng, Y. S. (1997). Sensitivity analysis of an (s, S) inventory model. Operations

Research Letters, 21(1), 19-23.

Chen, L., & Lee, H. L. (2009). Information sharing and order variability control under a

generalized demand model. Management Science, 55(5), 781-797.

Chiang, C. (2006). Optimal ordering policies for periodic-review systems with replenishment

cycles. European Journal of Operational Research, 170(1), 44-56.

Chiang, C., & Gutierrez, G. J. (1996). A periodic review inventory system with two supply

modes. European Journal of Operational Research, 94(3), 527-547.

Choudhary, D., Shankar, R., Tiwari, M. K., & Purohit, A. K. (2016). VMI versus information
sharing: an analysis under static uncertainty strategy with fill rate constraints. International

Journal of Production Research, 54(13), 3978-3993.

Cigolini, R., Pero, M., Rossi, T., & Sianesi, A. (2014). Linking supply chain configuration to
supply chain perfrmance: A discrete event simulation model. Simulation Modelling Practice and

Theory, 40, 1-11.

Costantino, F., Di Gravio, G., Shaban, A., & Tronci, M. (2015). The impact of information sharing
on ordering policies to improve supply chain performances. Computers & Industrial

Engineering, §2, 127-142.

Diks, E. B., De Kok, A. G., & Lagodimos, A. G. (1996). Multi-echelon systems: A service measure

perspective. European Journal of Operational Research, 95(2), 241-263.

96



Disney, S. M., & Towill, D. R. (2003). Vendor-managed inventory and bullwhip reduction in a
two-level supply chain. International journal of operations & production Management, 23(6),

625-651.

Dominguez, R., Cannella, S., Barbosa-Povoa, A. P., & Framinan, J. M. (2018). OVAP: a strategy
to implement partial information sharing among supply chain retailers. Transportation Research

Part E: Logistics and Transportation Review, 110, 122-136.

Dong, Y., & Xu, K. (2002). A supply chain model of vendor managed inventory. Transportation

research part E: logistics and transportation review, 38(2), 75-95.

Esmaeili, M., Naghavi, M. S., & Ghahghaei, A. (2018). Optimal (R, Q) policy and pricing for two-
echelon supply chain with lead time and retailer’s service-level incomplete information. Journal

of Industrial Engineering International, 14(1), 43-53.

Evrard-Samuel, K. (2008, January). Sharing demand signals: A new challenge to improve
collaboration within supply chains. In Supply Chain Forum: An International Journal (Vol. 9, No.

2, pp. 16-27). Taylor & Francis.

Feng, Y. (2012). System dynamics modeling for supply chain information sharing. Physics

Procedia, 25, 1463-1469.

Forsberg, R. (1995). Optimization of order-up-to-S policies for two-level inventory systems with

compound Poisson demand. European Journal of Operational Research, 81(1), 143-153.

Gallego, G., & Ozer, O. (2001). Integrating replenishment decisions with advance demand

information. Management science, 47(10), 1344-1360.

97



Gaur, V., Giloni, A., & Seshadri, S. (2005). Information sharing in a supply chain under ARMA

demand. Management science, 51(6), 961-969.

Giloni, A., Hurvich, C., & Seshadri, S. (2014). Forecasting and information sharing in supply

chains under ARMA demand. lie Transactions, 46(1), 35-54.

Hariharan, R., & Zipkin, P. (1995). Customer-order information, leadtimes, and

inventories. Management Science, 41(10), 1599-1607.

Hollmann, R. L., Scavarda, L. F., & Thom¢, A. M. T. (2015). Collaborative planning, forecasting
and replenishment: a literature review. International Journal of Productivity and Performance

Management, 64(7), 971-993.

Hopp, W. J., & Spearman, M. L. (2011). Factory physics. Waveland Press

Huang, X., & Zhou, Y. W. (2005). The periodic review inventory model based on two supply
modes. Hefei Gongye Daxue Xuebao(Ziran Kexueban)/(Journal of Hefei University of

Technology)(Natural Science)(China), 28(8), 839-844.

Hussain, M., & Saber, H. (2012). Exploring the bullwhip effect using simulation and Taguchi
experimental design. International Journal of Logistics Research and Applications, 15(4), 231-

249.

Inderfurth, K., Sadrieh, A., & Voigt, G. (2013). The impact of information sharing on supply chain
performance under asymmetric information. Production and Operations Management, 22(2),410-

425.

98



Ingalls, R. G., Rossetti, M. D., Smith, J. S., & Peters, B. A. (2004). Ideas for modeling and
simulation of supply chains with Arena. In Proceedings of the 2004 Winter Simulation Conference.

Washington Hilton and Towers Washington.

Jain, V., Wadhwa, S., & Deshmukh, S. G. (2009). Enhancing flexibility in supply chains:
modelling random demands and non-stationary supply information. International Journal of

Computer Integrated Manufacturing, 22(8), 812-822.

Jeong, K., & Hong, J. D. (2019). The impact of information sharing on bullwhip effect reduction

in a supply chain. Journal of Intelligent Manufacturing, 30(4), 1739-1751.

Banks, J., Carson, I. 1., Nelson, B. L., & Nicol, D. M. (2005). Discrete-event system simulation.

Pearson.

Jiang, Q., & Ke, G. (2019). Information sharing and bullwhip effect in smart destination network

system. Ad Hoc Networks, 87, 17-25.

Kwak, J. K. (2013). Comparison of (s, S) and (R, T) Policies in a Serial Supply Chain with

Information Sharing. Management Science and Financial Engineering, 19(1), 17-23.

Zhu, K., & Thonemann, U. W. (2004). Modeling the benefits of sharing future demand

information. Operations Research, 52(1), 136-147.

Karaesmen, F. (2013). Value of advance demand information in production and inventory systems
with shared resources. In Handbook of Stochastic Models and Analysis of Manufacturing System

Operations (pp. 139-165). Springer, New York, NY.

99



Karaesmen, F., Liberopoulos, G., & Dallery, Y. (2004). The value of advance demand information

in production/inventory systems. Annals of Operations Research, 126(1-4), 135-157.

Kelton, David & Barton, Russell. (2003). Experimental design for simulation: experimental design

for simulation. 59-65.

Keskin, B. B., Melouk, S. H., & Meyer, 1. L. (2010). A simulation-optimization approach for

integrated sourcing and inventory decisions. Computers & Operations Research, 37(9), 1648-

1661.

Khan, M., Hussain, M., & Saber, H. M. (2016). Information sharing in a sustainable supply

chain. International Journal of Production Economics, 181, 208-214.

Kim, M., & Chai, S. (2017). The impact of supplier innovativeness, information sharing and
strategic ~ sourcing on improving supply chain agility: Global supply chain

perspective. International Journal of Production Economics, 187, 42-52.

Kohli, A. S., & Jensen, J. B. (2010, January). Assessing effectiveness of supply chain
collaboration: an empirical study. In Supply Chain Forum: An International Journal (Vol. 11, No.

2, pp- 2-16). Taylor & Francis.

Law, A. M., Kelton, W. D., & Kelton, W. D. (2000). Simulation modeling and analysis (Vol. 3).

New York: McGraw-Hill.

Lee, Y. H., Cho, M. K., Kim, S. J., & Kim, Y. B. (2002). Supply chain simulation with discrete—

continuous combined modeling. Computers & Industrial Engineering, 43(1-2), 375-392.

100



Lee, H. L., Padmanabhan, V., & Whang, S. (1997). Information distortion in a supply chain: the

bullwhip effect. Management science, 43(4), 546-558.

Leng, M., & Parlar, M. (2009). Allocation of cost savings in a three-level supply chain with
demand information sharing: A cooperative-game approach. Operations Research, 57(1), 200-

213.

Li, H., Pedrielli, G., Lee, L. H., & Chew, E. P. (2017). Enhancement of supply chain resilience
through inter-echelon information sharing. Flexible Services and Manufacturing Journal, 29(2),

260-285.

Li, K., Liu, X. Y., & Jacobson, D. (2018). Information and profit sharing between a buyer and a

supplier: Theory and practice. Managerial and Decision Economics, 39(1), 79-90.

Lotfi, Z., Mukhtar, M., Sahran, S., & Zadeh, A. T. (2013). Information sharing in supply chain

management. Procedia Technology, 11,298-304.

Fawcett, S. E., & Magnan, G. M. (2002). The rhetoric and reality of supply chain
integration. International Journal of Physical Distribution & Logistics Management, 32(5), 339-

361.

Marques, G., Thierry, C., Lamothe, J., & Gourc, D. (2010). A review of vendor managed inventory

(VMI): from concept to processes. Production Planning & Control, 21(6), 547-561.

Miranzadeh, A., Sajadi, S. M., & Tavakoli, M. M. (2014). Simulation of a single product supply
chain model with ARENA. International Journal of Industrial and Systems Engineering, 19(1),

18-33.

101



Moon, Y. B., & Phatak, D. (2005). Enhancing ERP system's functionality with discrete event

simulation. /ndustrial management & data systems, 105(9), 1206-1224.

Mourtzis, D. (2011). Internet based collaboration in the manufacturing supply chain. CIRP Journal

of Manufacturing Science and Technology, 4(3), 296-304.

Nishat Faisal, M., Banwet, D. K., & Shankar, R. (2006). Mapping supply chains on risk and

customer sensitivity dimensions. Industrial Management & Data Systems, 106(6), 878-895.

Nozick, L. K., & Turnquist, M. A. (2001). A two-echelon inventory allocation and distribution
center location analysis. Transportation Research Part E: Logistics and Transportation

Review, 37(6), 425-441.

Barratt, M., & Oliveira, A. (2001). Exploring the experiences of collaborative planning
initiatives. International Journal of Physical Distribution & Logistics Management, 31(4), 266-

289.

Park, J., Shin, K., Chang, T. W., & Park, J. (2010). An integrative framework for supplier

relationship management. Industrial Management & Data Systems, 110(4), 495-515.

Park, K. S. (1982). Inventory model with partial backorders. International journal of systems

Science, 13(12), 1313-1317.

Patil, K., Jin, K., & Li, H. (2011, December). Arena simulation model for multi echelon inventory
system in supply chain management. In 2011 [EEE International Conference on Industrial

Engineering and Engineering Management (pp. 1214-1217). IEEE.

102



Prakash, A., & Deshmukh, S. G. (2010). Horizontal collaboration in flexible supply chains: a

simulation study. Journal of Studies on Manufacturing, 1(1), 54-58.

Sargent, R. G. (2010, December). Verification and validation of simulation models.

In Proceedings of the 2010 Winter Simulation Conference (pp. 166-183). IEEE.

Rached, M., Bahroun, Z., & Campagne, J. P. (2015). Assessing the value of information sharing
and its impact on the performance of the various partners in supply chains. Computers & Industrial

Engineering, 88, 237-253.

Raweewan, M., & Ferrell Jr, W. G. (2018). Information sharing in supply chain

collaboration. Computers & Industrial Engineering, 126, 269-281.

Rossetti, M. D. (2015). Simulation modeling and arena John Wiley & Sons.

Rossetti, M. D., & Chan, H. T. (2003, December). Supply chain management simulation: a
prototype object-oriented supply chain simulation framework. In Proceedings of the 35th
conference on Winter simulation: driving innovation (pp. 1612-1620). Winter Simulation

Conference.

Rostami-Tabar, B., & Sahin, E. (2015). The impact of Advance Demand Information on the

Performance of production/inventory systems. /FAC-PapersOnLine, 48(3), 1744-1749.

Ryu, S. J., Tsukishima, T., & Onari, H. (2009). A study on evaluation of demand information-
sharing methods in supply chain. International Journal of Production Economics, 120(1), 162-

175.

103



Sari, K. (2007). Exploring the benefits of vendor managed inventory. International Journal of

Physical Distribution & Logistics Management, 37(7), 529-545.

Sari, K. (2008). On the benefits of CPFR and VMI: A comparative simulation study. /nternational

Jjournal of production economics, 113(2), 575-586.

Saxena, A., Ducq, Y., Malairajan, R. A., & Sivakumar, P. (2010). Simulation-based decision-
making scenarios in dynamic supply chain. International Journal of Enterprise Network

Management, 4(2), 166-182.

Saxena, A., & Wadhwa, S. (2009). Flexible configuration for seamless supply chains: Directions
towards decision knowledge sharing. Robotics and Computer-Integrated Manufacturing, 25(4-5),

839-852.

Schwarz, L. B. (1973). A simple continuous review deterministic one-warehouse N-retailer

inventory problem. Management Science, 19(5), 555-566.

Shapiro, J. F. (2007). Modeling the supply chain. Belmont, CA: Thomson-Brooks/Cole.

Simatupang, T. M., & Sridharan, R. (2002). The collaborative supply chains. The international

journal of logistics management, 13(1), 15-30.

Singh, R. K. (2015). Modelling of critical factors for responsiveness in supply chain. Journal of

Manufacturing Technology Management, 26(6), 868-888

104



Skjoett-Larsen, T., Thernee, C., & Andresen, C. (2003). Supply chain collaboration: theoretical
perspectives and empirical evidence. International journal of physical distribution & logistics

management, 33(6), 531-549.

Soosay, C. A., Hyland, P. W., & Ferrer, M. (2008). Supply chain collaboration: capabilities for

continuous innovation. Supply chain management: An international journal, 13(2), 160-169.

Southard, P. B., & Swenseth, S. R. (2008). Evaluating vendor-managed inventory (VMI) in non-
traditional ~ environments  using  simulation. International  Journal — of  Production

Economics, 116(2), 275-287.

Simatupang, T. M., Wright, A. C., & Sridharan, R. (2002). The knowledge of coordination for

supply chain integration. Business process management journal, 8(3), 289-308.

Srivathsan, S., & Kamath, M. (2018). Understanding the value of upstream inventory information

sharing in supply chain networks. Applied Mathematical Modelling, 54, 393-412.

Swaminathan, J. M., Smith, S. F., & Sadeh, N. M. (1996, June). A multi agent framework for
modeling supply chain dynamics. In Proceedings of the NSF Research Planning Workshop on

Artificial Intelligence and Manufacturing,

Tee, Y. S., & Rossetti, M. D. (2001, November). Using simulation to evaluate a continuous review
(R, Q) two-echelon inventory model. In Proceedings of the Sixth Annual International Conference
on Industrial Engineering—Theory, Application, and Practice, San Francisco, CA, November (pp.

18-20).

105



Waller, M., Johnson, M. E., & Davis, T. (1999). Vendor-managed inventory in the retail supply

chain. Journal of business logistics, 20, 183-204.

Wan, J., & Zhao, C. (2009, December). Simulation research on multi-echelon inventory system in
supply chain based on arena. In 2009 First International Conference on Information Science and

Engineering (pp. 397-400). IEEE.

Wang, T., & Toktay, B. L. (2008). Inventory management with advance demand information and

flexible delivery. Management Science, 54(4), 716-732.

Pan, Y., Pavur, R., & Pohlen, T. (2016). Revisiting the effects of forecasting method selection and
information sharing under volatile demand in SCM applications. I[EEE Transactions on

Engineering Management, 63(4), 377-389.

Yu, Z., Yan, H., & Edwin Cheng, T. C. (2001). Benefits of information sharing with supply chain

partnerships. Industrial management & Data systems, 101(3), 114-121.

Yan, J., Xin, S., Liu, Q., Xu, W., Yang, L., Fan, L., ... & Wang, Q. (2014). Intelligent supply chain
integration and management based on Cloud of Things. Infernational Journal of Distributed

Sensor Networks, 10(3), 624839.

Yang, T., Wen, Y. F., & Wang, F. F. (2011). Evaluation of robustness of supply chain information-
sharing strategies using a hybrid Taguchi and multiple criteria decision-making

method. International Journal of Production Economics, 134(2), 458-466.

106



Yao, Y., & Dresner, M. (2008). The inventory value of information sharing, continuous
replenishment, and vendor-managed inventory. Transportation Research Part E: Logistics and

Transportation Review, 44(3), 361-378.

Ye, F., & Wang, Z. (2013). Effects of information technology alignment and information sharing

on supply chain operational performance. Computers & Industrial Engineering, 65(3), 370-377.

Yi, Wang & lJianliang, Lin. (2019). Simulation of Quantity-based VMI Consolidation

Replenishment. South China University of Technology, Guangzhou 510640, China

Yu, Y., Zhao, C., & Wan, J. (2009, January). Research on cost optimization of multi-echelon
inventory system with arena. In 2009 International Symposium on Computer Network and

Multimedia Technology (pp. 1-4). IEEE.

Yu, M. M., Ting, S. C., & Chen, M. C. (2010). Evaluating the cross-efficiency of information

sharing in supply chains. Expert Systems with Applications, 37(4), 2891-2897.

Zaheer, N., & Trkman, P. (2017). An information sharing theory perspective on willingness to
share information in supply chains. The International Journal of Logistics Management, 28(2),

417-443.

Zhao, J., Zhu, H., & Zheng, S. (2018). What is the value of an online retailer sharing demand

forecast information? Soft Computing, 22(16), 5419-5428.

Zipkin, P. H. (2000). Foundations of inventory management McGraw-Hill. /rwin, New York, USA.

107



APPENDIX A

No Information Sharing — Excel Spread sheet

Al

%06+ L] -

W B B soumasfdsiafy fipeay
1 v @ | ssfewvimysuss | s | sid [ SIN | iqeluomugza
- wN B (351N 1 21382 pa1y>3ds 3501)pUTHUUA |2
o7
] ) omimzs wawa e oo | [ee
Oorzevs | ceeideoe | Byyceez | 00005y | €950 | 0000OZ | 00002 | 000065, | 00002 | 0o0w0o0s OB | dSMigk | souruzs B o (3
: - -
©eoFySr | EEZeSEe | LOPERIZ | 0000SY | bOO'L_ | OODOLL | 0000'LL | 0000'SES | O0000LL | 0000°C00S | Ob | dSMish  zourusos B 4 | |48
6ISESIC | 1A/9I6L | SOSEYL . 0000SY | 690 | ODOR | 0000%Y | OOGDTSZ | 0000'® | 00owOnzz ok | dsmigh - souveos § o | IeLre EPLE0E SOUTRT | €901 0T Lt e B 2
Q06 | 7S | Siews | 000Sy | weiL | 0000 | 000KZZ | O00US | 0000ZZ | 0000005 | Ob | dSNigh  swueusss @5 | §eeser LUt 8€OTCT | ROROT LD 1 9 1L 0008 |58
[Z96E0L | PIZ96S | ESECRR | 0000ST | 2ZeZh . 00000 | 0000WL | OODOOC | 0000%h | 000002Z | Ob | OSNiSL - yourums ﬂ% #N.momm LeLest mm.E..._ mwwc.— 8 o 80 g oo | ¥E
S oo | oo | oo | s | oows | s | wor: IR cnoe B | oo  wms  wes | mrlToo@o s @ e | e
OMGYC | 10620z | /SSMl . 0000ST | SeCL | 0000 | 00O 000" | 00007 | 00000z | Ob | dSNiei  zouevos 7] : | E7600T £T69C R B : 0 i 0 | CE
Li0e | €¥GR6 | wLM@ 0000y | 660ZC | 0000 | 00O 0000 | 000z 0000S | Ob | dSWigh  Loueusos B 4 geore L8sT s§1EE ) sesel 0 L 8 L 0s =
_ ~ ~ 9501 U861 Wi 03T 0 ¥ ¥ v 4 | o€
E T O B O I e 08 mygn mon [ pussgn [sday |smweibon [ sy |5 sLiit ores s 60rt 0 . 1 - c =
sesuodeey weawn Seusedoig oumas 2108 01 0L ) w§__ m a 4
Peroadiz ssmodsay om0y i
PRI E L IEL-E (=
dpF ung sool wssul we i 33 puewma snowe. roj urey) Addng 21 Jo uonEmoTE) 1507 EIOL HmN
x o - [uedsin] euy 5532038 14
o o] =4
90T 9crLe0s 1688911 (6006  S66CLL1 CC6LL  9T60  B0TeC | LL 6L 09TL6EL 0009 T800TT  1€g89ll 99T  eLC6rl | TBLL 1100 Ir 160 6000  LL 0T el 0009 |2
FOPOT  69TCOLT SEEOSOT  ILECC  O9TECST  E€EROL RSSO SITCC €9 PREFOI 0005 SLE0ZTT  SEEOCOI LTT 08T sTroL 700 oose w660 8000 1L a4 wTE 000s |z
00T TECLTSL ISELIL  FIEEE 666901 OTWLT  66E0  L99°CE | 9% 68T STETUT 00T SLE0LYT 18 L1L 650 TWEIEL | STLE 0100 £80°T 1660 6000 OF 8 @y wm |08
FRT O LISTS 6060FE  LBL61  IG9TIS  LELTC 8610 HSOLT | T JER 3 U3 010669 6060FE 1490 09TSE | LTLTT 9000 656711 9860  FI00 W T o8eeT 008 |6
TTI 0T89S PILSEC  TIOLT SOF9IE  PILST  OLTO LG0T | Fl 0 st 0T T0s0rr FILSET 1T YYTOT | IS 1200 9 SH60 5500 f1 o are o 8L
$995T  SHUSST  EPTLOL  ¥OOC 9LC9L1  ERIL 0600 988°C L H T 'S fésnted 10T 0570 SCYFIT | ErIL 000 cige €260 00 L 0 810 0 m
S0SCT  OFLSEl  000SL 980T SS9TTT 000K 100 SSO0F ¥ ¥ 97T 4 L 000'sL w00 W 000 1000 frend 1860 6100 ¥ 0 00 ® L9t
660TT 19196 00TUE LS9 RO0US  00ST  L100 00611 z 1 190 < s 005LE 00 650FF | 00ST 0000 oUF1 $860 S100 T 0000 ¢ ED
11 oL 20 o8 OH 30 € T £ = Y] a oL 20 o8 oH 30 g 1 B ) ] a [¥h
€
1) pue 5y 303 MdIng 1507 PUE A3010RAU] 2STIOYRIE Ay 30y pue g 303 IndinQ 1s0) puE AoWRAU RFEITY | 2L
aaeys mopemsogey o I
SSIT__ oEL0  &9L0 9t SCT0 950 900 9ecT 0L
B z [ =D ! B Z w0 G
8
2suodsay wmumdQ asnoyase PR g . m smosaey sotns asuodsay woundo speiey | 4
i e -] ] ] 6
v (e e [puemag > [0 . _ [
<1 001 0f 19190 St < - D sapasg - ] .@ <1 001 0f _ c0m00 68T ¢ | s
o q q =g 11 a t o q q 3 w1 a | v
€
sssewmreg andu] ssnoyaR A ) sepmeRgndu BN | 2
| L
| L
oV av W z A 3 " A n 1 s o o d & N [ a bl r H 2 4 3 a 3 a v
~ = PO L JIeIE]
v Gunpa FIES) saltis saquiny eIy 104 x5 pieogdin
-3 s g - - - : ueg w0y -
2 puly & Jewiog 24220 Hasu| poon peg [ewiop 8 8% % - § -y -FF |- nra & e
i : e
UERIE WO BLUIO]| = [ZEIEDY 2 P v ¥
Q < i g wadiag € [ewioy T |BwWioN ) g £ n9e T

sreus B

uejedefer eAuebng

0p 03 uem noKjeum 3w L. &y

Jeuwiog dpH

suppy A\ maiAsy  ejeg  Sejnuiog

{9243 - [popy Auigreduwios] ga"uonen|eny eouBwNY

nokeabey  pasul

— Excel Spread sheet

ing

No Information Shar

Figure A 1

108



Partial Information Sharing — Excel Spread sheet

A2

uejededer eAueting

‘op 03 Juem nod Jeym 2w 2L O wea| drH sul-ppy

19912 - [PROW ANlIqFedWoT] £A UOREN|RAT eUaWINN

mIN MmNy eeq

se|nWioy

nofe abeq Hasu|

%0 + 1 -@m =& sBuas fejdsia g Apeay
Kl v @ | ssheuviwsuss | s [(sig | SN | aigeruonuyeg
[
Im'
\N'
WAN -‘1 01 %90 6000°0 MH 0001 X2IN 00'01 WIN V1Vd d3d SSOUIV| Ih"
] ] cmisos et oy P | Hee
W000L | GIEWIIS | ZOUSEEZ | L9EAIZ 0000 5600°) 00000 000022 | OOOU'ELL | 0000'LL 0008 [ 0L | GIASHIEL| o wewes B o |
o166 W02y | BECOMIT | COCUEOZ | 0000 | S800h 00000 | 0000L | OODOO'SYL | 0000'LL 0005 | Ob |dpnsaigr o oueweos 97 4 | =
0000k FIRSEIC 0BEELLL YTV 00004 STHE 00000 00002% 0000 99 0000 2% 0022 Qb diasd:EE 9 ouRueng | @ | \Fn
\ese | iesuki | zece | seewe ool oveo o000 | o007z | oooosr | o007z | oos | Ok | GkASiek | sousvess | s | TSToer 99019 9TREC | 6000 0 L 1 L 0009 2
R R e . s | woro | worss | o | ooows o [TCICERR ¢ ourseos B WS OFII SFTEIT | 68000 0 TL 9l IL 000 E:
| SITT0E  SKR091  OL6IFD | SEI00 0 4 99 b 00K 3
666 | oisEss | eseeiz | WEEZ . 000l | vl 0000 o000z | owoz | 0000s o5 |0k diasacer cosusos #) ¢ &
o ey SCCHT TOTSL wse | op00 0 T 9T T 0 [ee
w56 | sevezc | weoes | iesesi | o000l | 6ol o000 oo00s | cosao | oooos 2| oL | dunsaien zoumeos W ¢ | Pl Joceas ceor | se00 0 o s S oo =
oic0L | cewuse | szzes | esasL o000t ozve 00000 00002 00000 00002 s oL dunsd:er 1 ueues §] 4 SPELF 89°LFT LE9TT L1600 0 I z L 05 e
e [ oo [ | wa % aw ; R * o 7 o _ o T.Eé ssoy .:.:;i auoyy _w OUFIE PRI TEERT | L60TO 0 ¥ 1 P Lot
95191 00'6L 98 omEe 0 ¢ 0 1 c 62
premperes , R e L e - B =
W =< Wi Aanme O ALT peredig evvodsed ) [z
GpR un§ spol wesul s wpl ad i
puEwa(] snoues Jof wiEy) £ddag Ay Jo voREIAIE) 150) AL ES
x o - [uedg)g) - m2euy ssa2014 G =
[z
C600T SS9 LI9C IESS9TI CPOCI 9STEERl CC6LL  9ST0  ELLLF 60 00 IL €1 9f8ET9T 0009  GCITEEC Ie8S9Tl 9100  CIESHIT  TG6LL 0000 TTESE 5660 W00 (L 0 910 (6000 0009 3
S800T  SSEITHT BEE9SOT OZ9TI [GSECET €TFOL  OTTO  OEISh 6160 100 It 9FT  €9869ET 0005  F9BTEIT BEE9SOI  OI00  LISOLOT  €TFOL 0000 8CE 8660 W00 1L 0 9TI0  $8000 000§ [z
SEIOT  TEFROST  STITOL  £5T8 ITCRES  608OF  IS00  LOB6T L6000 LF 9 OPLT09 00TT  L69IFT  BTITOL  [000  TCUIL  60S9F 0000 16T 8660 W00+ 0 1800 G100 00T [0z
OFET  OIOTOL  60GOFE  T99F  GEFSIF  LTLTT LK SKSEL 160 6000 (T 91 9869ET 005 LISTE9  G06OFE 000  E09EFE  LTLTT 0000 g1 8660 W0 T 0 WO OFED0 005 [6r
SEE0T  STSTIS  0000TT BSOT  O6L'G6T  [S9FT  0TO0  £666 660 TW0D ST 8 M9 0T O6E6S  000OTC 1000 6BEBET  L9FT 0000 086 6660 1000 1 0 000 8500 O lak
LI60T  189UFT  SPTLOT  LCTT  ISTEET  £)IL €100 £¢9% 8960 CE00 L T 69T 0¢ [909CT  STLOL 1000 9611 6TL 0000 85 8660 woo L 0 €100 L1600 0§ [2+
L60TT  SPERST  QOOCL  TO90  TRIEE 000 9000  BS6T 8960 00 ¥ T 60 0T OTReFT  000SL 0000  OTFRL 000 0000 FFT 8660 W00 v 0 9000 L6010 0T ED
OCPET  6668L  00CLE  S9T0  ISOTT  00ST G000 S9ET  TEE0 8900 T 0 oo ¢ 09578 00SLE 1000 098TF  00ST 0000 cor't 8660 W00 T 0 00 owEe ¢ [sh
LT oL 00 08 OH 30 g T eediE 05 D ey ) a oL 20 BE OH 30 g T B 0s 0w w1 a [¥+
3
30 pue g 303 1ncing 3500 PUB AIOJUSAU] SSUOGEIE 30 pue x4 303 Judiag 1500 pUE AI0IURAU] BRISE [z
13
OIF0 950 6900 9scT ] 00 950 6900 9CT [or
e Z Ee] ) o ™z w0 G
[]
asuodsey wnmndQ ssnogrE - m asuodsay wnumdg BwIey Iz
J— - Y s
s T oo v e
| T 00 0f  oer0or o 3 < v : - - < [ 05 000 Cre0  Selrel 1 < s
o q q ) AT [T Py a t ﬂ ° q q B ST 11 Pl a ¥
2 3
swemereg indu] ssnota sizsueieg yndu] =g [z
!
- Exd av v av vy z A X m A n 1 8§ L] 0 1 o N " hl b r H 9 4 3 a 2 8 v
o N 154
Bumpa FTES) salfys A saquiny A Juawubyy 5 oy 5 preagdiy
219335« 1R e g . - . N ~3jgel  «Bumewioy e . _ 1BjuIey Jewuog a
@ pud 7 HOS | ey eEpg e | pooo peg Jeulop | sejewsoy puompuoy | B 8% | ¢ % - § - PwRIEIANE =5 === -v - [ -0 I 8 * apseg
z 11 [ _M_ ERIE - . . + £dop g [
WERIES |ELLIO eLuIo)| - 213U @) degy =3 - = = _ \J N 4 BLUOY M S3LUL
O\ 45 . wngomnyg | LA| X = FRUCEICR € [ewioy ZiewioN | ¢ jerauag JLLI 3 =— |y ¥ n g M3 S 5 e

ing — Excel Spread sheet

Partial Information Shar

Figure A 2

109



Full Information Sharing — Excel Spread sheet

A3

wg + ¥ - @ @ [ stumesfdnady fpeay

4 3 ® i sisfleuyfunysuas Si4 | sid _ SIN _ 3|qel uomuyaa
- 5
E3
r
WAN |4 Hm..
. zr
CwgURDS Bl 8 PPE 01 3184 R —] =
0000°03¢. 0000°22 00000003 @SJISE 5 ouRUEIS A Ia..
0000'SES | 0000’2 | 00000005 | OB | @SLSSE | . oususas | 2| | 88
0000C8Z | 0000'2r | 0000°'00ZZ | OF | @SHISE | aourueds | o | \MM
000028 000022 0000005 | OF 95l 6E 5 oueuaag | s | \@m
00001E 0000°S 1 0000022 | OF @558 rousuaag [ * | BTO0¢ 678190 1 - - 0L i 0009 SE
00009 00002 000005 | Ob | OSlSE ¢ ousueas [ ¢ | TEOLT 691°C9LT 0 - - 9 I 000¢ | PE
00005 | 0000s | ooousz | Ob | @suise | zousweos z 9T81  [96€TST O - - 314 v o0z | [EE
00004 H0002 00005 or dSld:5E | ouRuaag ﬁ wus Les 0 N N @ © o0¢ \Nn
= 10066 COLC06C 0 - - 54 <1 [ifed 13
oL Tn._n!?dz) Apspicayn | puswegn  |sday u:EE?.Ei sy PLSST  CRLEST 0 - - s L 05 Iﬁ_m
B oy PrTr— 98OTT  CCEOTT 0 - - < ¥ w | |6
e h 19196 19196 0 - - T 4 < |5z
A=W = DI0s soI  ®I | T sy s a z
dpH ung spo] wesu| M wpy g voumm ym UmmmNmu.ﬁ Tonme)) I@N
x o - [uedsi3] - mzeuy 552301 G e
puzmeq snowes 30} ey Ajddng a1 jo voEOED O EIOL | #T
4
6/5190F 1658911 [0E88 TILFOSI CC6LL €880 [ST09 (560 €00 Il 09 STLEEL 0009 [z
691COIT SEEOSOT  TLEEC O9FECOD CTHOL  PECD CITgE 660 400 1L €58 BEFOI9 000E iz
(96'ST8T STITOL (606 EPLTSOI 6089F 1660 SSI9E 0560 0500 iF €5 EETHT  00TC |0z
LIETUS 6060FE  LSL61  TTOTIC [TLTT 8610 POLL 960 FSO0 X 19 €919 005 |8k
C006C 0000TT  OSOTIT  ST9ECE (9971 ITI0 88611 60 sH00 <1 16 G 0 ED
SPURST  EPTLOT BTOE LEOLT  EFTL 0600 985°C 6760 1500 L I 1716 T Y [£
SCEOTT  000CL  LE90  BITIST  000C 9000 ¢ 9860 K00 ¥ € SLEFT 0T ED
19196  00SLE  LCOT  ¥00LS  00ST 100 0061 ¥T60 9100 T 1 t9190 ¢ D
oL 20 BE OH 30 E 1 R ] B 5 a [#1
€
0 pue 1y 303 30ding 350 pUE 10NN SO [zv
sarvys woprmiopuy g T
T1 9800 6900  TT [on
sau _ Tl 980 690 TT -
P = z FR) [s
. -0 2
@ y = ssuodsey mnumdg ssnogerEy Mz
- sy e
— a 001 0 w90 o < < s
ped ° [ ki A5 w11 a a [*
ﬂ €
smjemeieg 1ndu] ssnoyereyy spwerg mdu =Ry | 2
8
e T [ v [ av [ o¥ [ av [ w [ 2 [ A [ x [ m [ A [ n T 1 T 5 [ a [T o 4« [ o w T w [ 73 T 3 [ 1 [ H [ 9 [ 2 [ a3 [ al] o] a8 ¥
~ = N w
v Bumpp3 sl salfus L] Jaquiny o Wby L] Juo4 L] pieoqdiy
RS A ey 5 o 5 . .aiqe] - Bumeusoq o _ Pyuieg ooy o
9 puld 719 HOS * | ewuoy sapq yosu | |t poon peg jeunopy | sejeunoy euompuoy | G B | 6 % - § - PWDBWBPNE S5 === -v - -5 -0 T 8 F sy
NG| = . - + Adop E
Q km + wngomy g _M_ i _H_W Z Wadag £ [euwopy ZlewioN | g “ N |iauzn pay despy 2 @ | El=o ¥ ¥ - 1L~ cuwoymaysun % E.u.

areys Hy opojuemnofjeymawi|pl & wesl  dpH  suppy  mam  mamey  eleq  senuuoy  nokejabeg syl

o uejedefer eAueting [99%3 - [3pojN AuiGredwios] A uoeNfEAT [ESUBWINN

— Excel Spread sheet

ing

110

Full Information Shar

Figure A 3



