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Supply chain management is the key success for each business. Having a robust

supply chain will help the business to improve service, quality, reduce the costs, improve

the speed, and be more flexible. Organizations need to look at data and deploy plans to

move the product from operation to logistics to manage a global chain. In this paper we

will use E-Comm shipment data to identify the best locations to build a new distribution

center (DC).

ii



Chapter 1

INTRODUCTION

Businesses and consumers will agree that getting the right order, the right time and

the right place is the dream. To achieve this goal, we use supply chain management. The

businesses will have strategies, plans and goals to make the customers happy. From a

consumer point of view, we have options to where we go to get our needs which makes it

more comparative for most of businesses, that is why companies will look for best choices

for their customer when they buy their suppliers. When it comes to best choice it hard to

define, some customers will look for the best quality product, some will just need the least

expensive one. So, the biggest challenge for a company is to define what is the best choice

for their customers based on their product they sell. After the company buys their suppliers,

now it is the time to produce a product, the big goal of companies is to make the operation

operate every day quickly and operate the right way. Businesses have to make revenue by

selling more, to sell more they have to keep the operation moving and delivering goods to

customers. The transportation plays a big role on a company supply chain, after making

the product/service, now is the time to deliver it to the consumers/customers. Companies

start by packaging the product, load it to the transportation. Also, companies will make a

decision if they need to transport the good or the consumer will pick up the good, or maybe

there is a third party that will take care of the transportation. It is all based on how fast

they want to deliver the product. Is it a product that can be stored in a warehouse to be
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delivered later? How much the company should produce? How long should they keep it?

All these questions and more will lead to a good supply chain management. One supply

management can be great to one company and it may not work for a different one, which

makes the topic of supply chain management very hard to discuss and analyze because each

business is doing things differently, even within the same type of business. Also, businesses

are very sensitive when it comes to this topic of supply chain management, they want to

keep their tricks to themselves, and don’t want to share their way of doing things because

of the massive competition between the businesses. In this project, I will address the issues

of supply management, and how to make the supply management more efficient. In this

project I will try to help with a problem with a major apparel manufacturing company. The

Company want to build more Distribution centers around US but not sure where will be

the best place to build a new distribution center using shipment data. First, in this project I

am going to analyze the shipment data, I will do a data cleaning, which include correcting

or deleting corrupt records on my data set. Second, we will create an algorithm that will

solve or answer the question of this project with is "where is the best location to build a

distribution center for a major apparel manufacturing company".

After that I will divide the data set to a training data set to train the algorithm and a

validation data set to validate and test the result of the algorithm. After analyzing, training

and validating the algorithm, I will move to implement the project. To do that, I will create

an application that will have an interface, which will make it easy for the users to use. They

will have to load a new data set of shipment records, also some basic information such as,

entering the current location of the distribution center, it can be one or multiple distribution

centers across the United States. The application will take the information the user enters,
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and the data set file, then it will show a map with the current DC’s location, and will predict

distribution center(s) simultaneously, based on the shipment data.

The aim of this project is to identify the best locations for distribution centers using

a data analysis, which will lead to determine the best location for a business to have an

e-Commerce DC based on shipment data.

Scope

Identify the best place to build a new distribution center using shipment data to meet

the future needs of the business. So, in this project I will have two parts. The first part is

the analysis part and the second part will be the implementation where I will create a tool

for the end users to use to do analysis with other data sets, anytime they want. The end

user want a tool that looks like llamasoft [llamasoft, 1998] and ArcGIS [ArcGIS, 1999].

To achieve these requirements, I will need to read work related to the topic of supply chain

management, and network optimization algorithms. Moreover, I will also discuss a couple

of architectures and software’s tools that I will compare in this paper to decide which one

to use and which one will be more beneficial for the users to use. First, let us discuss the

architectures component of the project, what hardware / network components are available

to use. Also, which software to use that will help solve the problem. Second, I will move

to related works.
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Chapter 2

BACKGROUND AND LITERATURE REVIEW

To perform a large-scale analysis, we often require the availability of a massive

number of computers. To address this need I will be using The Cloud Computing Lab at

Western Kentucky University which I will have the option to use a Cluster. Cloud comput-

ing provides scientists with a completely new model of utilizing the computing infrastruc-

ture. Compute resources, storage resources, as well as applications, can be dynamically

provisioned. Cloud computing, the long-held dream of computing as a utility has gradu-

ally made software even more attractive as a service and shaping the way IT hardware is

designed and purchased [Patil, Navada, Peshave, and Borole, 2011].

2.1 Components

After we listed the background, the scope, and what hardware we have, the next

part of this literature study project, will be to decide which packages and components I will

need to install in to the Cluster. I read a couple of research papers that talk about different

architectures, which I will be analyzing, surveying and comparing those architectures to

each other. When analyzing Big data most people will prefer to use Hadoop. However,

Docker also becoming a hot topic and a lot of people will use it. So, which one is the

best solution for this project? and how are they similar and different? To answer these

questions, I have two research papers one talks about Big data Analytic using Hadoop

4



[Shvachko et al., 2010] and the other one is an Introduction to docker and analysis of its

performance [Baback Bashari Rad, 2017].

2.1.1 Big Data and Hadoop

The authors of [Bijesh Dhyani, 2014] present the basic understanding of big data

and how to organize date from performance prescriptive. Big data is a collection of data

that can be processed using computers. The term big data is referring to where we have

big size volume of data, the data is complex, and it grows fast. Data is always a big thing

that companies and people try to collect. We wanted to store as much as we could. That is

why the companies Like Oracle and Microsoft were always trying to create tools to manage

these data like relational databases. Recently, we see massive data available to us to use.

All these data were generated using smart phones, social media websites, machines and

other resources.

So, switching from collecting data to data management is a big deal. The ability to

extract information from data will help everybody perform better or learn quicker from this

information. So, to extract the information we need tools that will handle the massive Data.

Before we talk about the tools, what is Big data? and what was considered a big data five

years ago, is it still considered big data now? The research paper [Bijesh Dhyani, 2014]

define big data as “Big data is the availability of a large amount of data which become

defect to store process and mine using a traditional database primarily because of the data

available is large, complex, unstructured and rapidly changing”. There are a couple of

challenges that will be phasing anyone using big data. [Bijesh Dhyani, 2014] defines those

challenges as below:
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• Volume: the amount of data which is the size of the dataset.

• Variety: which presents the format of the dataset. Some data will be text, audio, log

files...etc. for my project the dataset will be a text format.

• Velocity: speed of data processing (rate of growth) it makes it hard to manage and

process. This will be the main issue for my project, my data set will have a thousand

of shipping data everyday which will make it difficult to capture and analyse.

• Value: The value of the data is huge to the companies. Data will be a great source for

businesses to help with increasing their performance and learn from their mistakes.

• Veracity: when we are dealing with a high volume there is always the chance to have

noise. In my case the data that I have is a shipment data that contains transactions, I

will do a cleaning phase which I will delete all the corrupt transactions and inaccurate

records that do not represent the data set.

After we define big data, and its challenges, what are the tools that will help reduce

these challenges and help process and analysis the data? the answer to this question is

Hadoop.

Hadoop provides a distributed file system and a framework for the analysis and

transformation of very large data sets using the MapReduce paradigm. An important char-

acteristic of Hadoop is the partitioning of data and computation across many (thousands)

of hosts and executing application computations in parallel close to their data.

Since we are using large data sets, Hadoop will divide the data to small chunks

and map to different computers, then run algorithms (MapReduce) to process the data and
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Figure 2.1: MapReduce Architecture. [Shvachko et al., 2010]

return the results from all computers all together to produce one result. MapReduce is

widely been used for the efficient analysis of Big Data. Traditional DBMS techniques like

Joins and Indexing and other techniques like graph search is used for classification and

clustering of Big Data [M. Dhavapriya, 2016].

Figure 2.2: MapReduce Architecture. [M. Dhavapriya, 2016]

So, we are processing data in parallel so the result will be faster instead of running

a chunk after another one which will take time to process.
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2.1.2 Docker Containers

Docker is an open source platform that runs applications and makes the process

easier to develop and distribute. The applications that are built in the docker are pack-

aged with all the supporting dependencies into a standard form called a container [Baback

Bashari Rad, 2017].

Based on [Container, 2013], containers are isolated from each other and bundle

their own tools, libraries and configuration files. They can communicate with each other

through well-defined channels. All containers are run by a single operating system kernel

and are thus more lightweight than virtual machines. Containers are created from images

that specify their precise contents. Images are often created by combining and modifying

standard images downloaded from public repositories.

Figure 2.3: Docker Architecture. [Container, 2013]

Docker was designed to give a quick and lightweight environment to run and test

the code more efficient before the code is being moved to production.

[Baback Bashari Rad, 2017] listed the four main internal components of Docker:
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1. Docker Client and Server: docker can function as a Client/Server application. The

server side will get a request from the client side and then process. The Client/ Server

can be run on the same machine or different machines and connected with a remote

server.

2. Docker Images: As I listed before we use the image to create the docker container.

The image can be created using two methods. First method is the Base image, the

image requirement can be added to the image by modifying it. The second method

is the docker file, an automatic way to create an image. The docker file is just steps

of command to follow to create the image. the commands will run from the bash

terminal.

3. Docker Registries: we place the docker images in the docker registries. It’s like a

code repository where we can push and pull images from. Docker Hub is the public

registry to where everyone can push images and pull available images from.

4. Docker Container: Containers hold the whole kit requirement for an application, so

we can isolate and run the application.

[Baback Bashari Rad, 2017] also listed the advantages and disadvantages of Docker:

Advantages:

• Speed:speed is the main advantage of docker(highlighted). It’s faster to build a con-

tainer because it’s too small.

• Portability:All the applications that are built inside the docker are portable and easy

to move without affecting the performance.
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• Scalability:Docker can be deployed in several platforms, like cloud, physical and

data server. Moreover, docker can be moved easily between cloud and local host.

• Rapid Delivery:Docker container can work in every environment as they have the

dependency applications which make docker easy to deliver. So, the programmer can

predict a good result when moving the code from test to prod.

• Density:Docker does not use the hypervisor that is why it is more efficient. Also, the

performance is higher.

Disadvantages:

• There is no complete virtualization because docker uses Linux Kernel.

• Docker does not run on an old machine.

• The performance and integration of the docker is not good with Windows and Mac

Operating Systems.

• Security issue.

Docker uses a single host compared to virtual machines. What are other similarities

and differences between docker and virtual machine?

2.1.3 Docker vs. Virtual Machines

To make an operating system easy to be deployed, we use virtual machine, which is

an image copy of a specific operating system. Virtual machine uses an extra layer between

the host operating system and guest operating system. This layer is known as a Hypervisor

2.4. However, docker does not use that extra layer, it uses another layer known as Docker

engine and also docker has no guest operating 2.3.
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When it comes to performance docker perform better than virtual machine in term

of time and speed [Baback Bashari Rad, 2017]. However, virtual machine seems to be faster

when it comes to execution. Virtual machine can help with making an elastic system and

share resources among guest operating systems but virtual machine struggle with running

big data workload [Zhang, Liu, Pu, Dou, Wu, and Zhou, 2018].

Figure 2.4: Virtual Machines. [Container, 2013]

2.1.4 Kubernetes

Kubernetes is a tool to install and manage Docker containers, Kubernetes was de-

veloped by Google, it uses the Docker images and deploys applications into the containers.

The advantage of using Kubernetes first is that the containers are easily scaled up, we can

eliminate and remade. The second reason is when compare Kubernetes with virtual ma-

chines, Kubernetes containers are deployed faster, more efficiently and reliably [Schenker,

2018].

The paper [Dongmin Kim, 2019] talks about how the organizations made the de-

cision to transmit from doing all the work by building and managing their own comput-

11



ing facility to cloud computing have been benefiting from maximized capacity and cost-

efficiency. One of the tools that they use is Kubernetes because it is an open-source con-

tainer orchestration and easy to use because you need to feed some configurations to Kuber-

netes and the Kubernetes services will take these configurations and run the configurations.

The service for example can create Docker images containers and Kubernetes can deploy

and manage the components and their relationships.

The service for example can create Docker images containers and Kubernetes can

deploy and manage the components and their relationships. the paper [Dongmin Kim,

2019] listed the elements of Kubernetes:

Kubernetes pod: this is an essential building block of Kubernetes, and it’s the

smallest unit of deployment. Usually containing one or multiple Docker containers.

Kubernetes node: this represents a VM or physical machine where the Kubernetes

pods are run.

Kubernetes cluster: this consists of a set of worker nodes that cooperate to run

applications as a single unit. Its master node coordinates all activities within the cluster.

The paper [Schenker, 2018] explains in details Kubernetes master nodes, which are

used to manage a Kubernetes cluster. The following 2.5 is a high-level diagram of such a

master:

The master nodes only run on Linux such as RHEL, CentOS, and Ubuntu. On the

Linux machine, we need to have the following four Kubernetes services running [Schenker,

2018]:

API server: This is the gateway to Kubernetes. The API server is the embodi-
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Figure 2.5: High-level diagram of a master. [Schenker, 2018]

ment of the Kubernetes control plane. This service will list, create, modify, or delete any

resources in the cluster of all the requests.

Controller: The controller, or more precisely the controller manager. The con-

troller manager contains the replication controller, the pod controller and services con-

troller. All these controllers try to control loop that observes the state of the cluster via

the API server and their job, then will make changes, attempting to move the cluster or

effective state toward the desired state.

Scheduler:The scheduler is a service that tries its best to schedule pods on worker

nodes considering various boundary conditions, such as the following:

• Resource requirements

• Service requirements

• Hardware/software policy constraints

• Quality-of-service requirements
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• Data locality

Cluster store: This is an instance of etcd that is used to store all information about the

state of the cluster. The Etcd is a highly reliable distributed data store. Kubernetes uses it

to store the entire cluster state [Sayfan, 2017].

As a conclusion of the related work for a different architectures’ components, we

have decided to use Docker containers to implement the project. Docker is a free software

used to create virtual containers and Docker container is more lightweight than virtual

machines. Docker container will guarantee that my tool will run the same way in any

environment. The Docker image will have all the dependencies that the tool will need

to run, which will make it easy to implement on major apparel manufacturing company

hardware. Also, Docker container allows isolation of component within one system, so

only the components that need to access the other component will. As a result, we will

have an easy way to manage the security of the system.

2.2 Commercial Software for Supply Chain

Before I start the modeling and algorithms that supply chain management used, let

us see what tools are available for companies today that will help them with the supply

chain. The paper [Funaki, 2009] listed the commercial software tools for supply chain de-

sign and their vendors. Figure 2.6 shows the list of currently available commercial software

tools for supply chain design and their vendors together with years of release and web sites.

These commercials softwares are available in the US market and they are considered the

top software for supply chain management. The list included the tools that does not need to

support their main software such as ERP, SCP and APS. The only two exceptions are "In-
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for’s Strategic Network Design and i2’s Supply Chain Strategist, because they can provide

supply chain design solution independently from their main products." [Funaki, 2009].

The paper [Funaki, 2009] was done in 2009, therefore I had to check if they still

exist now. All the commercials software still exists, except the first software "CAST"

which is now part of the LLamasoft software now. The website links changed for some

of the software. Most of these software vendors charge licenses, consulting fees when

selling their product. Which is the norm for most software companies [Funaki, 2009].

Compared to other software, we see a slow growth, because the companies do not use

or buy supply chain management tools. It is mainly due to the expensive supply chain

management software, and not many companies believe that it will solve their problems,

but it will always need other dependencies, so that is why they cut the expense by not buy

the tool.

To solve that problem many companies, start to charge by services, as [Funaki,

2009] listed "Some vendors who recognized this gap between the license based schema

and the user’s perception are starting pay-per-use services".

2.3 Supply Chain

2.3.1 Supply Chain Introduction

In this section, we will try to understand the Supply chain management and how

it is important to the companies and the world. So, what is Supply chain? According

the research paper [Nelson Dzupire, 2014] supply chain is "A set of facilities, suppliers,

customers, products and methods of controlling inventory, purchasing and distribution"

the goal of the supply chain is to "enhance the operational efficiency, profitability and

competitive position of a firm and its supplier chain partners" [Nelson Dzupire, 2014].
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Figure 2.6: List of Available Commercial Software Tools for Supply Chain Management.
[Funaki, 2009]

The paper [Niki Matinrad, 2013] describes the four entities of the supply chain.

Suppliers, distribution networks, manufacturers, and customers are the four entities of a

supply chain. The connection between each entity is not easy given today’s competition

even between these entities. So, supply chain must consider the "interactions and lim-

itations between these elements and also consider operating factors, constraints and the

dynamics in the market, such as changes in demand" [Niki Matinrad, 2013]. Companies

need to know when to buy supplies, where to store it. What happens if there is no de-

mand and the company ordered many supplies, and does not have a place to store it? How

about order supplies only when customer make an order, in that case will the company has

16



enough time to produce the product and ship it to the customer in a timely manner? The

better the connection between the suppliers, distribution networks, and manufacturers the

happiest the customers will be, which means the customer is satisfied and becomes loyal to

the company and will make more orders again from the company.

The figure below shows general supply chain network that includes three various

levels of enterprises: retailers, distribution centers and plants [Niki Matinrad, 2013].

• The supplier: where the company buys the supplies. The supplier provides raw

material, energy, services ...etc.

• The Factory: where the company transfer the raw material to a product or service

the customer will use.

• The Distribution Center: where the products (goods) will be stocked in a ware-

house or specialized building so we can redistribute to retailers or wholesalers, or

directly to consumers.

• Retailer: where the product will be sold to the customer. It can be a store or online

store like (Amazon, eBay...).

• Customer: a person or company that will receive the final product. It’s the one that

buy and use the product or service.

Each one of us is part of a supply chain every day. We buy products and services,

we decide where to buy it from, and when to buy it. And because there are billions of

other customers doing the same thing it makes it hard for companies and make the level

of competition between companies are very high. In today’s market no matter how good
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Figure 2.7: Supply Chain Network. [Niki Matinrad, 2013]

the product the companies make, it is only valuable until it gets to the customer and the

customer likes it. So, supply chain has become extremely complex.

Companies struggle when they have to choose their suppliers. It is a huge responsi-

bility, because the company is not relying on just the suppliers but also the suppliers of their

suppliers. In today’s global market, where materials come from all over the world, it’s hard

to manage the global chain of supplies without collaborations with all companies. When

a company develops a plan on where to buy supplies and how many employees to hire,

it is all based on the suppliers’ companies that deal with and the relationship with these
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companies. The stronger the relationship, the more the company can succeed on its supply

chain. The companies will benefit a lot from supply chain management when they start

aligning production strategy with all of the other supply chain entities. However, a good

supply chain strategy must also align with the company strategy and help the company with

decision making and its mission.

The paper [Nag, Han, and qing Yao, 2014] discussed how supply chain is a critical

component of business strategy and listed the three-supply chain inventory strategy:

Fisher’s model and its variations: This supply chain inventory strategy is based on

supply lead time variability, product characteristics and demand variability. This model is

based on stable product and predictable demand, high competition and low-profile margin

[Nag et al., 2014].

Lean and agile paradigms: This supply chain inventory strategy combined lean

and agile paradigm; lean manufacturing is used with level scheduling upstream and ag-

ile paradigm is adopted to meet market demand [Nag et al., 2014]. The main difference

between lean and agile is that lean will aim for low cost while agile will aim for high avail-

ability and responsiveness to changes in the product mix and volume [Nag et al., 2014].

Push, pull and push-pull systems: This supply chain inventory strategy is based

on long term forecasts of market demand. The push system aims for desired customer

level, on the other hand, pull system aims to respond to real time market demand [Nag

et al., 2014]. So, for the pull supply chain, the company chooses not to produce anything

until the customer make an order, in this case the customer will have the opportunity to

request something that they really like, for example, the customer can choose the color,

the materials, etc. However, push supply chain strategy knows the customer will need/use
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a product/service so the company will produce the product / service before the customer

makes any order. So, the product will be stored and waiting for the customer to make an

order. The advantage of push supply chain strategy that will be fast to ship the product, but

sometimes customers may not like the product and the company will end up with a product

that they produce a high volume for it, but customers did not like it. Some companies

choose to combine both push and pull systems when it comes to the supply chain strategy

of their company. If they have more than one product, they will produce some products and

have it ready for the customers, they will also have the option for the customers to request

special product(s).

2.3.2 Supply Chain and the Pandemic

When we put all supply chain entities together, supply chain can be very compli-

cated and expensive. When we add Pandemics like the one we experiencing now (Covid19)

to the equation of all the entities, we can have a major influence on how supply chain work

or at least it shows some companies that their supply chain strategy does not work or is not

efficient enough to adapter to the changes or challenges that may face. Many companies

during the pandemic experienced a broken supply chain, with people who could not get the

basic needs , like food.
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Chapter 3

EXPERIMENTAL DESIGN

People now prefer to buy everything online. That is why companies have to keep

track of where their eComm customers are often. Where the customers are located, how

far is that from their Distribution centers, how long it usually takes to deliver the goods to

the customers? Do any customers cancel orders because it was not delivered on time? All

these questions will show companies where they stand now when it comes to their eComm

customers. Due to the fast growing of eComm websites, in this project I will do an analysis

to determine the best location for a business to have an eComm DC based on shipment

data.

Hypothesis: Determine the best location for a business to have an eComm DC that

is based on shipment data, will reduce the cost of delivering goods to the customer and high

service.

3.0.1 Data Set

3.0.1.1 First data set

My dataset in the appendix B.1.1 is a collection of information about retail and

eComm transactions for a major apparel manufacturing company, with details information

about each transaction, like date, quantity and customer location. The data is for all the

transactions for the year of 2017.

The dataset in the appendix B.1.1 is for multiple brands for the same major apparel
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manufacturing company. The dataset will have the data about all the brands and each brand

will have different items they will ship. Each distribution center for the major apparel

manufacturing company ships specific items. So, if DC1 ships item1 then we can only ship

that item from the DC1. This is the way the company is doing the shipment of the items

now, but there are some exceptions sometimes, they will ship the same item from two

distribution centers for special events. The company also used Third-party logistics (3PL)

to outsource elements of its distribution, warehousing, and fulfillment services. Because of

the confidentiality of the dataset, I have created a program that will generate random zip

codes for each customer, and also generate random quantity ships.

Because the data is a very sensitive data, I created an C Sharp script that will gen-

erate random data that will look the same as real data.

As you see in the appendix B.1, the script generate a random five digit number to

present a zip code, the second col is for a random number between 1 and 100 to present the

quantity that was ordered.

3.0.1.2 Second data set

To map the location of the customer based on the random zip code we need to

convert the five random digits to a lat and long. To do that I create a R script that will take

the data set that was created using the script on the the appendix B.1 and other data set

B.1.2 for the zip code information and create a new dataset that will have more information

about the location than just the zip code.

The data for the information about the zip code B.1.2 was downloaded from this

website: [ZipCode, 2012]. The data is a free zip code database, the size of the data is 4.2

MB. The database was last Updated on 1/22/2012 and it is the primary location only.
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3.0.1.3 Final data set

To merge the data from the first data set and the second data set, I created an R

script. The script on the Appendix B.2 lists the script commands to read the two data set,

one excel and one csv files, then it convert the data set to data frame, to merge the data we

use the zip code col, after merging the data we will have a data set with both cols from the

first data set one and the second data set. After merging the two data sets the final data can

be saved as .Rdata or a csv file.

3.0.2 Methodology:

All these elements will make creating a large analysis, to determine the best loca-

tion, hard. The project is limited to only ship some items (SKUs) from one Distribution

center and the company also used 3PL. The challenge is to create a supply chain tool that

will take data about customers location, item they ordered and quantity, plugin the data

and show the best location to have a distribution center based on our customer location and

demands (eCommerce and Retails). The tool at the end can be use by any company, they

only need a dataset with the zip codes of their customers, the quantities and current DCs.

The main question I will answer on the first round of the implementation is the

following:

• Ecommerce based on the number of shipment and customers location, where will be

a good location for a new distribution center?

3.0.2.1 Baseline:

Current demand, shipping patterns, and network flows.
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3.0.2.2 Design and Scenarios:

• Distribution network

• Optimized flows

3.0.3 R implementation

I will use the programming language R which is free software for statistics and

graphics. I will be using R language to develop the statistical part of the project and also

help with data analysis.

To visualize the data I will be using leaflet library for R, Leaflet is one of the most

popular open-source JavaScript libraries for interactive maps.

For the other analysis parts of the project I will use many R libraries That will

allows to build high charts/graphs in R.
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Chapter 4

EXPERIMENTAL RESULT

4.1 CASE STUDY OF VISUALIZATION USING MAPS

Data visualization is using that powerful processes/mechanisms by create, manip-

ulate and interact with representations of the data in a graphical way so we can get infor-

mation from the data by visualizing the data and get better understanding in order to gain

insight into the data instead of keeping the data as a form of tables, that will not give us the

big picture that the users’ needs.

In today’s world companies have a lot of data stored about their business, customers,

and products.All of that data does not make any sense for most people in the company that

does not deal with that data or even the team that works with the data if it is big data.

People’s brains can process some data but when it comes to big data our brain has limited

availability to process all that data at the same time. Using mathematical equations to

understand the data can hide a lot of details and can lead to misleading or even wrong

answers about the data. Also, we live in a visualize society where everyone processes data

as a form of vitalization and not data in a form of numbers and database tables.

A good data visualization helps us tell a story to our broad audience and get more

efficient and interaction feedback from our audience that they can see something in the

data that they were not able to see before. A good data visualization with a good story

will educate, motivate and make the user engage with the story and ask more questions
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which will lead to better understanding of the data. A good story about the findings leads

to an action that will benefit the user of the data by better understanding their customer,

increasing sales . . . etc.

The best way to visualize the data of this project is by maps. Maps provide a

powerful way to visualize data. They allow us to quickly place data in the context of

geographic areas. Maps give us a great visualize image about the location of our customers,

which area of the map has more sales.

The datasets we are using contain data about shipment and location where they

were shipped. We also have two more datasets one contains the data about the facilities

and another one has the location for the DC’s.

By run the script B.3 we get the USA map below

Figure 4.1: United States of America Map
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Figure B.4 shows the script to install and load the leaflet package, the script also

maps the Lat and Long attributes for all the facilities using the leaflet library.

By run the script B.4 we get the USA map with Facilities

Figure 4.2: USA Map with Facilities

Now we have an idea where our facilities are located.

27



Now let show where most of the quantities are located. Figure B.5 shows the script

to map all the orders locations with the quantities.

Figure 4.3: USA Map with Quantities

The figure 4.3 shows that most of the orders come from the East Coast of the United

States.

To get a better understanding let add the current Dc’s to the map B.6 and see where

they are located. By adding DC’s to the map we can see how far the Dc’s from our cus-

tomers.

The figure 4.4 shows that most of the DC’s are in the Southeast of the country

and most the orders for the products are coming from the Northeast and fellow by the

Southeast. That means that the current Dc’s are close to the region where we have most of

the customers but not very close to the main region where we have the largest orders.
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Figure 4.4: DC’s with Quantities
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In figure B.7 we have the code that will create lines between one DC and the top

100 customers (the customer that orders the biggest quantities) to see how far the DC is

from our top customers.

The figure 4.5 shows how far the top 100 customers are from one of the main DC’s.

Many customers are in the Northeast of the country like how figure 4.4 showed we also see

that there are few customers from the Northwest and southwest of the country.

Figure 4.5: Top 100 Customer locations from one DC

30



Now we know where our top 100 customers are, let’s see where our low quantity

customers are? We will use the same script to generate the map but this time we will switch

to a new DC and get the 100 customers with the lower quantities.
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Figure 4.6: Low 100 Customer locations from one DC

The figure 4.6 shows the same result like the top 100 customers that our lower

customers are also located in the Northeast and Southeast with fewer customers from the

southwest (West Coast) this time, but we also notice that there are more customers close to

the DC this time.
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4.2 CASE STUDY OF VISUALIZATION USING GRAPHS

4.2.1 Bar graphs

In this case study we will use a variety of graphs. The first graph we will use is the

Bar graph. Bar graphs are another common data visualization tool. In GG plot, we use two

different functions to create bar graphs. Geom bar creates a bar graph where we specify

the value that appears on the X axis and use the count of the number of rows matching that

value as the Y axis value. Geom col creates a column graph, which, like bar graphs, allows

us to specify the value on the X axis, but also allows us to specify a Y axis value manually.

These two functions are very similar. They only differ in the fact that bars use count as the

Y axis value, while columns allow us to choose the Y axis value. Let’s try some examples

in R.

In the example B.8 we have the code that will use the library “ggplote2” to create a

graph with the total orders for each state. Before we plot the data, we start by grouping by

the state and get the number of the orders.

By run the script B.8 we get the graph 4.7
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Figure 4.7: Total Order for each State

34



To have more representing graphs I will add the colors by adding the property

“fill=State” to the geom col function. The graph shows that California and Texas are the

top 2 states that order the products.

Figure 4.8: Low 100 Customer locations from one DC

Another way to show the Bar graph with more clear data is to create the graph as a

circle. The script B.9 shows the script that was used to create the graph.

By run the script B.9 we get the graph 4.9
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Figure 4.9: Bar graph with more clear data
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How about the top 20/low 20 states? To get the top 20/low 20 states we will use the

script in figure B.10 the script will sort the data frame to get the top 20 and low 20, then we

will use that new dataframe with the top and low 20 to create the bars graphs.

Figure 4.10 and figure 4.11 show the top 20 states are California, Texas, New York,

Pennsylvania are the top and most of the States are located on the Northeast (East Coast),

Southwest and Southeast of the country.

Figure 4.10: Total Orders for Top 20 States
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Figure 4.11: Total Orders for Top States Sorted
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On the other hand, the low 20 states as shown in figure 4.12 and 4.13 show are

South Dakota, Vermont, Utah, Idaho, Alaska, Nevada . . . . Most of these states are located

on the Northwest, Central and West coast of the country.

Figure 4.12: Total Orders for Low 20 States
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Figure 4.13: Total Orders for Low 20 States Sorted
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After visualizing the total orders for each States with the top and low 20 states let

do the same but this time with total quantities. The script B.11 group by the state and sum

the quantity number. Using the bar graph, we get the graph in figure 4.14 and 4.15

Figure 4.14: Total Quantity for each State
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Figure 4.15: Total Quantity for each State
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How about the top 20/low 20 states with quantity? To get the top 20/low 20 states

we will use the script in figure B.12 The script will sort the data frame to get the top 20

and low 20, then we will use that new data frame with the top and low 20 to create the bars

graphs.

Figure 4.16 and figure 4.17 show the top 20 states are Texas, New York, Pennsyl-

vania, California, Ohio, Florida . . . are the top and most of the States are located on the

Northeast (East Coast), Southwest and Southeast of the country.

Figure 4.16: Total Quantity for Top 20 States
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Figure 4.17: Total Quantity for Top 20 States Sorted
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On the other hand, the low 20 states as shown in figure 4.18 and 4.19 show are

Utah, South Dakota, New Mexico, Montana, Vermont, Utah, Idaho, Alaska . . . . Most of

these states are located on the Northwest, Central and West coast of the country.

Figure 4.18: Total Quantity for Low 20 States
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Figure 4.19: Total Quantity for Low 20 States Sorted
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4.2.2 Pie graphs

Pie charts are typically used to tell a story about the parts-to-whole aspect of a set

of data. That is, how big part A is in relation to part B, C, and so on. To create a pie we

will use the Library "plotrix" that will help us with labelling and color. In the script B.13

we will create a simple pie and a 3D pie. The data we will need for the pie is the same we

used for the example earlier, we will use the total number of quantities for the top 10 states

and how the total quantities percentages for each state.

Figure 4.20 shows a simple pie graph listing the top 10 states. Texas is the one dom-

inating the pie. After adding the percentage to get a better visualization with percentage

we get the figure 4.21
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Figure 4.20: Pie Graph of the Top 10 states
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Figures 4.21 and 4.22 shows that Texas is ordering 34 percent of the products that

the company ships that year, followed by Tennessee and Indiana by 13 Percent

Figure 4.21: Pie Graph of the Top 10 states (Percentages)
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Figure 4.22: 3D Pie Graph of the Top 10 states
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4.2.3 Dots graphs

To calculate the distance between two points on our data set we will be using the

package "geosphere" [package, 2019] is spherical trigonometry for geographic applica-

tions.

That is a compute distance and related measures for angular (longitude/latitude)

locations. Also, this package implements functions that compute various aspects of dis-

tance, direction, area, etc. for geographic (geodetic) coordinates. Some of the functions

are based on an ellipsoid (spheroid) model of the world, other functions use a (simpler, but

less accurate) spherical model.

Figure B.14 calculates the distance between one DC and each location in our dataset.

The distance will be generated on Meters and we have to convert it to Miles. Figure 4.23

shows the distance between the one DCs and each location in the data set.

From the data we gather before about the top/low 20 total orders and quantity, it

looks like distance is playing a big role in that, as figure 4.23 shows that most of the top 20

states are the closest to the DC and the low 20 states are the farthest from the DC.
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Figure 4.23: Distances between one DC and each State
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Chapter 5

NETWORK

5.1 Network Modeling

5.1.1 What is Network?

Network is a collection of entities (nodes and edges) together with a set of relations

on these entities.

Nodes are vertices that correspond to objects.

Edges are the connections between objects.

What is a relationship? Relationship is the property of two or more entities compose

to properties of the entities alone(attributes).

So in the network analysis we study the relational data.

what is Density: the density of a network is defined as a ratio of the number of

edges to the number of possible edges.

D= E/Possible E

Possible E depends on if we have an undirected or directed network.

[graph, 2019] An Undirected graph is graph, i.e., a set of objects (called vertices

or nodes) that are connected together, where all the edges are bidirectional. An undirected

graph is sometimes called an undirected network.

One can formally define an undirected graph as G=(N,E), consisting of the set N of

nodes and the set E of edges, which are unordered pairs of elements of N.
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Figure 5.1: An undirected graph with 10 and 11 edges. [graph, 2019]

[graph, 2019] A directed graph is graph, i.e., a set of objects (called vertices or

nodes) that are connected together, where all the edges are directed from one vertex to

another. A directed graph is sometimes called a digraph or a directed network.

One can formally define a directed graph as G=(N,E), consisting of the set N of

nodes and the set E of edges, which are ordered pairs of elements of N.

Figure 5.2: A directed graph with 10 vertices (or nodes) and 13 edges. [graph, 2019]
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5.1.2 Represent a network in R

[graph and its representations, 2019] We can represent a graph using :

1. Adjacency Matrix: Adjacency Matrix is a 2D array of size V x V where V is the

number of vertices in a graph.

2. Adjacency List: An array of lists is used. The size of the array is equal to the

number of vertices.

To represent a network in R we will use the package "igraph", "igraph" is a library

and R package for network analysis. Figure B.15 shows the script to create the network

between the current DCs and the cities that shipped to, since this is a sensitive data that the

company did not want me to show, I will be generating a random DCs list and assign it to

cities and states, the goal of this is to show how network graph can give us an idea where

the DCs ship the most of their products.
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Figure 5.3 shows the result of the script B.15 and create a network between each

DC and the states.

Figure 5.3: Network Between DCs and Cities

It is hard to tell which state the city is located in the graph, so let’s add the state’s

name to the city column.
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Figure 5.4: Network Between DCs and Cities with States
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What Does the network of the states in the U.S look like? Figure 5.5 shows the

network between the current DCs and the states.

Figure 5.5: Network Between DCs and States

The network data will make more sense when the company will apply the real data.
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There are many ways to show this network graph by changing the layout of the

network from sphere, circle, random and fruchterman.reingold

Figure 5.6: Network Between DCs and States
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Not All the DCs ship the same amount of products to states and to differentiate

between the DCs that ship more items we need to change the node size depending on the

flow from that DC.

Figure 5.7 shows that DC 6, DC1, DC4 and DC5 shipped more items than other

DCs.

Figure 5.7: Network Between DCs and States
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Chapter 6

CONCLUSION AND FUTURE WORK

6.1 CONCLUSION

In total word managing supply chains become complicated due to the delivery sys-

tem becoming more global. However, Visualization can help us manage the supply chain

for Ecommerce shipping data especially if it is within one country like the USA. Graphs

like Maps, Bars, Networks . . . can clearly give us some advantage to visualize and track

the data, to have a better idea where are the products delivered now and how is that com-

pared to our current DCs location. Also, how to make that more efficient and is there is

any changes to the current DCs location that will improve our supply chain and make the

company more profit and make the customer happy. From the Visualization we did in this

project we conclude the below:

• Most of the customers are in the Northeast (East Coast and Great Lakes) of the coun-

try, fellow by Southeast and Southwest of the country. So, most of the users are

located in the haft east of the country.

• Few Customers are located on the Northwest, Central and West coast of the country.

• Distance is playing a big role in the total quantity ordered from each state. The top

20 states are the closest to the DC and the low 20 states are the farthest from the DC.

As a result, the current DCs are great for the current demand but we need a new

61



DCs in Northeast (East Coast) of the country, where we have a lot of customers with the

biggest total quantity shipped.

6.2 FUTURE WORK

Incorporate how to combine existing DC’s and new DC’s and create network opti-

mizations. Also,implement the project, to do that, I will create an application that will have

an interface, which will make it easy for the users to use. They will have to load a new data

set of shipment records, also some basic information such as, entering the current location

of the distribution center, it can be one or multiple distribution centers across the United

States. The application will take the information the user enters, and the data set file, then

it will show a map with the current DC’s location, and will predict distribution center(s)

simultaneously, based on the shipment data.
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Appendix A
APPENDIX A

A.1 R and RStudio
A.1.1 Install and Download R

First open the URL : https://www.r-project.org/
Click on the link Download R

Figure A.1: Download R

Select one one the close it university to your location

Figure A.2: Download R

Select one one operation system where you want to install R
Choose "Base" if this is the first time you are installing R
Finally click Download link to download R
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Figure A.3: Download R

Figure A.4: Download R

Figure A.5: Download R

Open the download application and start the install of R by choosing a language
and Click next

Choose the default option "NO" and click next.
R is installed now!

A.1.2 Install and Download RStudio
First open the URL : https://www.rstudio.com/products/rstudio/download/
click on the link Download
Choose one platform.
Open the dowanloaded application and start installing RStudio by clicking "Next"
RStudio is installed now!
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Figure A.6: Install R

Figure A.7: Install R
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Figure A.8: Install R

Figure A.9: Install R

69



Figure A.10: Download RStudio

Figure A.11: Download RStudio
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Figure A.12: Download RStudio

Figure A.13: Download RStudio
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Figure A.14: Download RStudio
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Appendix B
APPENDIX B

B.1 Datasets
B.1.1 First Dataset

The Dataset contain the following:

• Origin DC: The Distribution Center the item was originally send from.

• Customer Ship to: The name of the customer that the item was ship to.

• Customer Ship to City: Customer city.

• Customer Ship to Country: Customer Country.

• Customer Ship to State: Customer State if the country is the USA.

• Customer Ship to Province: Customer Province (Canada ...)

• Customer Ship to Zip: Customer ship to zip code.

• Customer Ship to Type: Whether it’s an organization or not.

• Shipment date: The date the DC ship the item.

• Style: The style of the item.

• Color: The color of the item.

• Size: The size of the item (S, M, L, XL...).

• Shipped Unit of Measure: The unit is either "Each" unit or a "Pack" unit. The pack
unit is from Two to Twenty-Two items in a Pack.

• Ship Method Code: Not sure what it is used for and if I am going to use it in my
analysis.

• Carrier Name: The Name of the Carriers (or FEDEX or UPS or ...) plus if it is an
LTL (Less than truckload shipping or less than load is the transportation of relatively
small freight) or it is a full truckload or PICK UP or PARCEL or ...

• Freight Terms: Collect, Paid, Due, THIRD PARTY

• Customer Sold to: ID, Name, Type

• Customer Ship to: ID, Name, Type, Zip

• Customer Deliver to: ID, Type, Zip (the most important data in the Dataset).

• Delivery shipped quantity: The quantity that was shipped. Based on this quantity
we will decide what is the best location for a Distribution center.
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B.1.2 Second Dataset
The Dataset [ZipCode, 2012] contains fields like:

• Zipcode: 5 digit Zipcode or military postal code(FPO/APO) .

• ZipCodeType: Standard, PO BOX Only, Unique, Military(implies APO or FPO).

• City: USPS offical city name(s) .

• State: USPS offical state, territory, or quasi-state (AA, AE, AP) abbreviation code.

• LocationType: Primary, Acceptable, Not Acceptable.

• Lat: Decimal Latitude, if available.

• Long: Decimal Longitude, if available.

• Location: Standard Display (eg Phoenix, AZ ; Pago Pago, AS ; Melbourne, AU ) .

• Decommisioned: If Primary location, Yes implies historical Zipcode, No Implies
current Zipcode; If not Primary, Yes implies Historical Placename.

• TaxReturnsFiled: Number of Individual Tax Returns Filed in 2008.

• EstimatedPopulation: Tax returns filed + Married filing jointly + Dependents.

• TotalWages: Total of Wages Salaries and Tips
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B.2 Scripts
The Script B.1 generate a random five digit number to present a zip code, the second

col is for a random number between 1 and 100 to present the quantity that was ordered.

Figure B.1: Data Set Script
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The Script B.2 lists the script commands to read the two data set, one excel and one
csv files, then it convert the data set to data frame, to merge the data we use the zip code
col, after merging the data we will have a data set with both cols from the first data set one
and the second data set. After merging the two data sets the final data can be save as .Rdata
or a csv file.

Figure B.2: Data Set Script

The Script B.3 Load the USA map using the Leaflet library.

Figure B.3: USA Map Script
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Script B.4 shows the script to install and load the leaflet package, the script also
maps the Lat and Long attributes for all the facilities using the leaflet library.

Figure B.4: USA Map with Facilities Script

Script B.5 shows the script to map all the orders locations with the quantities.

Figure B.5: USA Map with Quantities script

Script B.6 shows the scrip to add DC’s to the map we can see how far the Dc’s from
our customers.

Figure B.6: DC’s with Quantities Script
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In figure B.7 we have the code that will create lines between one DC and the top
100 customers (the customer that orders the biggest quantities) to see how far the DC is
from our top customers.

Figure B.7: Top 100 Customer locations from One DC’s script

The code is using “mapview” package, MapView is an interactive viewing of spa-
tial objects in R. The package provides functionality to view spatial objects interactively.
The intention is to provide interactivity for easy and quick visualization during spatial data
analysis. It is not intended for fine-tuned presentation quality map production. [CRANR-
Project, 2020]
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Script B.8 we have the code that will use the library “ggplote2” to create a graph
with the total orders for each state. Before we plot the data, we start by grouping by the
state and get the number of the orders.

Figure B.8: Low 100 Customer locations from one DC
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The script B.9 show the Bar graph with more clear data is to create the graph as a
circle.

Figure B.9: Low 100 Customer locations from one DC

The script in figure B.10 The script will sort the data frame to get the top 20 and low
20, then we will use that new dataframe with the top and low 20 to create the bars graphs.
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Figure B.10: Top 20 and Low 20 states orders script
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The script B.11 group by the state and sum the quantity number.

Figure B.11: Total Quantity for each State Script

The script B.12 will sort the data frame to get the top 20 and low 20, then we will
use that new data frame with the top and low 20 to create the bars graphs.

Figure B.12: Total Quantity for each State Script

The script B.13 uses the Library "plotrix" that will help us with labelling and
color.We will use the total number of quantities for the top 10 states and how the total
quantities percentages for each state.
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Figure B.13: Pie Graphs Script
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The Script B.14 calculates the distance between one DC and each location in our
dataset. The distance will be generated on Meters and we have to convert it to Miles.

Figure B.14: Distances between one DC and each State Script

The script B.15 shows hoe to create the network between the current DCs and the
cities that shipped to.
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Figure B.15: Network Between DCs and Cities Script
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LIST OF ABBREVIATIONS

2D Two Dimensional

3D Three Dimensional

3PL Third-party logistics

API Application programming interface

APO Army Post Office

APS Advanced planning and scheduling

DC Distribution Center

E-comm e-Commerce

ERP Enterprise resource planning

FPO Fleet Post Office

IT Information Technology

LTL Less-than-truckload shipping

RHEL Red Hat Enterprise Linux

SCP Special Containment Procedures or Secure

SKU Stock keeping unit

US United States

VM Virtual Machine
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