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i. Executive Summary

Objective
JED-i has been in the technology industry for ten years, the last 5 developing new products that integrate hardware 
components using wireless signals. Now JED-i would like to enter the Intelligent Transportation Systems (ITS) industry. 
This industry is expected to have continuous double digit growth over the next 5 years, attributed to an overall desire 
from the transportation sector for new integrated technologies.  The current industry landscape is spread out, many 
companies offering specialized products but at a high cost. There is need for an inexpensive product.  In order to align 
our supply chain strategy with our competitive strategy we must rapidly develop our supply chain network to become 
more efficient in the face of high demand uncertainty. 

Solution
Our product is useful to both the enterprises and end-consumer.  We provide clients with a more accurate way of 
planning their day using buses.  We also supply statistical information to companies; tracking passenger counts at arrival 
and destination points.  This data includes the time it takes to complete a route, and how many passengers get on at a 
time. Clients can use this data to better track sales revenue and plan for future development.

We are estimating a cost of around $6 million dollars, which is about 8% of what JED-i research budget.  We are 
expecting to make around $8.5 million in profit after just 4 years. This product will have a life cycle stretching as much as 
10 years into the future. The product has been developed over the last 4 quarters. JED-i has used our existing 
networking hardware technology to develop products in the ITS market.

We plan to align our supply chain management strategy with our low cost competitive strategy by manufacturing in China 
close to our suppliers.  We will use inexpensive modes of transportation when possible to cut overall costs.  

Goals
Our goal is to serve as many clients as possible with an inexpensive product with the same functionality as those already 
on the market.  This industry has lots of open room to accommodate a new competitor with innovative ideas. At the 
same time however we need to be certain we offer the right product to our customers and that is what this document is 
going to help facilitate.

Reduce the amount of cars on road and promote public transportation by providing an easier, more reliable way to take 
public transportation via smart traffic and transportation technology that is integrated with local transit systems.

In order to stick to our vision and mission we are estimating that we want to grow by a minimum of 5% each year for the 
next four years as our product is released.  This will allow us to have a large market share for our product.

Currently we have revenue of $200 Million. We would like to see that number increase greatly over the next 3 years. 

As the IDU decreases we will decrease our safety stock level to +10% at the end of 4 years.  After 4 years we will 
increase the number of facilities based on demand from countries. Second manufacturing facility location will be decided 
according to supply chain network after 4 years.  After 4 years, we are planning to open a warehouse in Europe based 
on customer demands.
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i i Project Report Description

Description Summary
This report focuses on the supply chain management of the JED-i Smart Transportation Device package.  We will outline 
our strategic framework for supply chain design, planning and operation.  

The first section of the report is supply chain design.  First we will examine the functions involved in receiving and filling a 
customer order.  We will recap the product development and marketing strategies we developed in TIM 205 and discuss 
in more depth the operations, distribution and service of our supply chain.

Supply chain design starts with the competitive strategy of our firm.  These strategies that were developed through 
market analysis, identifying customer needs, conceptual design and product platform/lines must also align with our 
supply chain strategies.  In doing so we will evaluate strategic fit and responsiveness goals to build our high level supply 
chain strategy and supply chain network design.

The second section of this report outlines our supply chain plan.  We will discuss the key supply chain drivers; inventory, 
facilities, transportation and information - we will align these high level drivers with competitive strategies, product 
development strategies, marketing and sales strategies.  In this section we will also cover planning for demand.  We will 
reevaluate preliminary financial information acquired during TIM 205 and use this data to forecast demand with multiple 
methods. 

The third section of this report is supply chain operations where we will define our set of supply chain management 
guidelines and detail the micro-functions of our supply chain network drivers.  We will include detailed analysis and 
calculations of cycle inventory, safety inventory, facility network design, and transportation network design.  We will also 
introduce our proprietary supply chain management software.
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Exhibit a: Function Structure Diagram
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Exhibit b: GANTT 
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Exhibit c: PERT
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Exhibit d: Task Decomposition Matrix
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i i i. Time Phase Plan

Date Task
January 7, 2014 First group meetingJanuary 7, 2014

Formulate Project Proposal
January 9, 2014 Preliminary Project Proposal due: proposal, time-phased project plan, preliminary SC 

network, assessment of 205

January 16, 2014 Group meeting
January 21, 2014 Group meeting with Subhas DesaJanuary 21, 2014

Phase I due: Technology, product strategy, SC strategy

January 23, 2014 Group meeting
February 4, 2014 Group meeting with Subhas DesaFebruary 4, 2014

Phase II due: SC modeling and planning, demand forecasting

February 6, 2014 Group meeting
February 25, 2014 Group meeting with Subhas DesaFebruary 25, 2014

Phase III due: SC operations; inventory, transportation, and facilities

February 27, 2014 Group meeting
March 11, 2014 Group meeting with Subhas DesaMarch 11, 2014

Phase IV due: Software information system

March 13, 2014 Phase V due: Integration, final report
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1. Supply Chain Strategy & Design

In this section we will decide how to structure our supply chain over the next several years.  We will decide the 
configuration and how resources will be allocated.  We will establish the various stages of our supply chain and outline 
the processes they will perform.  We will make “high level” decisions on the key drivers; inventory, transportation, facilities 
and information.  This section of the report outlines our long term company goals.

First we will examine the functions involved in receiving and filling a customer order.  We will recap the product 
development and marketing strategies we developed in TIM 205 and discuss in more depth the operations, distribution 
and service of our supply chain.

Supply chain design starts with the competitive strategy of our firm.  These strategies that were developed through 
market analysis, identifying customer needs, conceptual design and product platform/lines must also align with our 
supply chain strategies.  In doing so we will evaluate strategic fit and responsiveness goals to build our high level supply 
chain strategy and supply chain network design.

Competitive Strategy:
By analyzing the competitive landscape of Intelligent Transportation we see that very few firms are attempting a cost 
leadership strategy. We have created a solution that is cheaper than existing products; multi-purpose and affordable to 
implement.

Exhibit 1.1: Five-Forces Analysis to create an Industry/Market landscape
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F1: Competitors F2: New Entrants F3: Substitutes 

Trapeze Group
Xerox
INIT
Siemens Industry
IBM

Our Company Physical Maps
Schedules
Websites
Google (Google Maps)

F4: Suppliers F5: Buyers F6: Complementors

Penta Corp
Cisco
Phoenix Contact
Railquip Inc.

City governments
Transportation authorities
Universities

Software/Apps
Blip Systems

Exhibit 1.2: Competitive Strategy Diagram

Customer Needs
• Easy to use
• Easy to see
• Accurate arrival times
• Works in all weather conditions
• Good power connection
• Accurate bus capacity

Product Platform
We have developed an integrated product, it includes real time passenger system for busses, real-time bus screens at 
bus stops and a smart card system that tracks how many passengers are on a bus at any one time. 
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Defining Technology

• Mapping (GPS) software
• Counting/Payment Card System

Supporting Technology
• Screen Hardware
• Application Software
• Database System
• Real Time Data System

Product Lines
Exhibit 1.3: Product Line - Product Segmentations

Exhibit 1.4: FAST Diagram
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The Value Chain:

Exhibit 1.5: Value Chain Diagram

Product Development Strategy
We want to branch out from making network hardware and have success in making smart transportation system 
technologies.

Our competitive strategy is to become the industry cost leader. We developed a new smart transportation product just as 
reliable as the current leaders with less features.  We used existing technologies when possible and developed more cost 
efficient counterparts.  We do not have the resources to release the product to both segmentations at the same time.

Exhibit 1.6: Product Release Map

Marketing and Sales Strategy
Our target market consists of city governments and transportation authorities, specifically those in need of App/
Installation and bus location maps. Growth and revenue potential are high in these segments. 

Exhibit 1.7: Market Sizing/Revenue Map of It Industry in North America
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We will try to capture the following segments with the following % market shares:

• City Government bus location map 5%, $7.5M
• City Government in bus hardware 10%, $10M
• Transportation Authority bus location map 2%, $15M
• Transportation Authority in bus hardware 2%, $8M

Aligned Supply Chain Strategy:

Strategic Fit 
Our product currently has a highly uncertain supply and demand, however, we anticipate a quick adjustment to 
somewhat uncertain supply and demand.  Because of our highly integrated system, potential buyers will contract for a 
specific number of units, allowing us to run production lines based off individual client needs.  This will allow us to be 
somewhat responsive and increase efficiency.  To align with our competitive strategy it is important we offer low cost 
solutions for our clients, so we need to decrease supply chain costs so as not to incur a loss.

Exhibit 1.8: Zone of Strategic Fit

Exhibit 1.9: Responsive Supply Chain Goals

Responsive Supply Chain Goals
Primary Goal

Product Design Strategy
Pricing Strategy

Manufacturing Strategy
Inventory Strategy
Lead-time Strategy
Supplier Strategy

Respond quickly to demand

Create modularity to allow postponement of product differentiation 

Higher margins because price is not a prime customer driver

Maintain capacity flexibility to buffer against demand/supply uncertainty

Maintain buffer inventory to deal with demand/supply uncertainty

Reduce aggressively, even if the costs are significant

Select based on speed, flexibility, reliability, and quality 
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Supply Chain Strategy
To align with our competitive strategy we plan to outsource components to capitalize on economies of scales and locate 
manufacturing facilities in China.  By locating facilities in China we will be closer to our suppliers and we can take 
advantage of low costs associated with being located in a developing country.  We will transport regionally via ground 
trucking and to the U.S. via ship.  This will also reduce cost and align with our competitive strategy.  Once in the U.S. we 
will use air to ship to our clients, adding responsiveness to our supply chain - required do to our high demand 
uncertainty.

Supply Chain Network Design
In our supply chain network we will have 3 main suppliers to produce our real-time map displays; LED suppliers, screen 
suppliers and packaging suppliers. Our customers will be transportation companies and an assembly company will be 
responsible for setting up the new displays in the stations. For material supply, push system will be implemented but 
production of real-time map displays will be customized according to customer orders.

Exhibit 1.10: Initial Stages Diagram
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Exhibit 1.11: PHASE I:: Supply Chain Network (First 3 years)

Exhibit 1.12: PHASE I:: Supply Chain Network (After 3 years)
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Exhibit 1.13: PHASE 2:: Supply Chain Network 

Exhibit 1.14: PHASE 2:: Supply Chain Network
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Exhibit 1.15: Final:: Supply Chain Network

Summary
Intelligent Transportation has developed a cost leadership competitive strategy.  We have created a solution that is 
cheaper than existing products; multi-purpose and affordable to implement.  We have developed an integrated product, 
it includes real time passenger system for busses, real-time bus screens at bus stops and a smart card system that 
tracks how many passengers are on a bus at any one time.  We used existing technologies when possible and 
developed more cost efficient counterparts.  We do not have the resources to release the product to both segmentations 
at the same time.

Our product currently has a highly uncertain supply and demand.  Because of our highly integrated system, potential 
buyers will contract for a specific number of units, allowing us to run production lines based off individual client needs.  
This will allow us to be somewhat responsive and increase efficiency.  To align with our competitive strategy it is 
important we offer low cost solutions for our clients, so we need to decrease supply chain costs so as not to incur a loss.

To align with our competitive strategy we plan to outsource to 3 main suppliers to produce our real-time map displays; 
LED suppliers, screen suppliers and packaging suppliers to capitalize on economies of scale and locate manufacturing 
facilities in China.  By locating facilities in China we will be closer to our suppliers and we can take advantage of low costs  
associated with being located in a developing country.  We will transport regionally via ground trucking and to the U.S. via 
ship.  This will also reduce cost and align with our competitive strategy.  Once in the U.S. we will use air to ship to our 
clients, adding responsiveness to our supply chain - required do to our high demand uncertainty.

Our customers will be transportation companies and an assembly company will be responsible for setting up the new 
displays in the stations. For material supply, push system will be implemented but production of real-time map displays 
will be customized according to customer orders.
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2. Supply Chain Planning

Supply chain planning evaluated between a quarter and a year.  We consider our supply chain configuration fixed, and 
now we will concentrate on planning to maximize supply chain surplus.  In this section we will also cover planning for 
demand.  We will reevaluate preliminary financial information acquired during TIM 205 and use this data to forecast 
demand using multiple methods. We will use these figures to plan in detail our key drivers; inventory, facilities, 
transportation and information.  We will define a set of operating policies for the short term performance of our supply 
chain.  We will continue to align these drivers with competitive strategies, product development strategies, marketing and 
sales strategies.  

Drivers for Supply Chain Management

Inventory
(a) Raw materials: Main raw materials are LCD Screen, packaging material (box, plastic bag), cables, electrical plug, 

and modem. All of these materials will be stored in the manufacturing facility raw materials warehouse. Our monthly 
average demand rate is 22,000.  Our raw material replenishment cycle will be weekly. At first year our safety stock 
level will be +30% of cycle inventory for the raw materials because of the high level implied demand uncertainty 
(IDU). As the IDU decreases we will decrease our safety stock level to +10% at the end of 4 years. We will manage 
our manufacturing facility based on lean manufacturing and we will implement just-in-time methods to increase our 
responsiveness level.

(b) Work-in-process (WIP): There will be a single manufacturing facility and all the work in process materials will be 
stored in the manufacturing area. 

(c) Finished goods: We will have store monthly inventory in our finished goods warehouse. Our replenishment cycle is 2 
weeks and based on sales we will increase our decrease the inventory level each month.  Replenishment cycle for 
finished goods is longer than raw material replenishment cycle to decrease the transportation cost from Asia to 
United States. Similar to raw material safety stock, we will have +30% of cycle inventory for the finished goods.

Facilities
(a) Manufacturing Facilities: At first we are planning to have a manufacturing facility at China because of the low 

manufacturing costs. Assembly of raw materials will be done at manufacturing facility. Capacity of manufacturing 
facility will be 350,000 parts a year. After 4 years we will increase the number of facilities based on demand from 
countries. Second manufacturing facility location will be decided according to supply chain network after 4 years. 

(b) Warehouses (Storing facilities): We will have a warehouse at USA for the finished goods. At first two years we are 
not planning to open a new warehouse so our first warehouse capacity will be 250,000 parts a year. We will not 
have a separate raw material warehouse; all raw materials will be stored in the manufacturing facility. We will 
increase the number of finished goods warehouses after the second year in USA. After 4 years, we are planning to 
open a warehouse in Europe based on customer demands.

Transportation
We will have 3 modes of transportation for the movement of raw materials and finished products.

(a) Raw materials: Most of our suppliers are in the Asia and we will use land transportation with trucks. 
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(b) Finished products: Our customers are mostly in United States and we have a warehouse in the United States. We 
will use water transportation between Asia and United States. We will use both air and land transportation (based 
on order location) for delivering our products to customers.

Information
We will have an information system to manage all supply chain effectively. Our information system will help us to have 
both efficient and responsive supply chain. Our suppliers will be able to track our raw inventory levels and they will 
arrange their manufacturing level based raw material demand. Also our information system will help us to track position 
of finished goods (transporting to warehouse, in the warehouse, transporting to customer) and the real-time sales volume 
to arrange manufacturing volume weekly.

Exhibit 2.1: Software Development Plan

Date Task
January 21, 2014 Develop Software Development PlanJanuary 21, 2014

Phase I due
February 4, 2014 Determine project scope/define resources February 4, 2014

ANALYSIS
February 4, 2014

Analysis of software requirements

February 4, 2014

Conduct needs analysis

February 4, 2014

Draft preliminary software specifications

February 4, 2014

Develop preliminary budget

February 4, 2014

Group meeting with Subhas Desa

February 4, 2014

Phase II due
February 25, 2014 DESIGNFebruary 25, 2014

Review of software specifications
February 25, 2014

Develop functional specifications

February 25, 2014

Develop prototype
• Demand forecasting module
• Inventory module
• Facilities module
• Transportation module

February 25, 2014

Review of functional specifications

February 25, 2014

Group meeting with Subhas Desa

February 25, 2014

Phase III due
March 11, 2014 Simulations/Incorporate feedbackMarch 11, 2014

Group meeting with Subhas Desa
March 11, 2014

Phase IV due: Software information system implementation

March 13, 2014 Create User Manual March 13, 2014
Phase V due: Integration, final report
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Planning Demand in Supply Chain
Our demand data came from looking at a similar company within the industry we are choosing to enter. The quarterly 
demand data for one year from Cubic Corporation was used to determine the demand data for our company. The data 
was then adjusted for the size of our company and the life cycle of our product, slowly increasing at the beginning 
release of the products, until a peak where it would typically begin to drop off. 

Once the estimated demand data was determined, it was replaced into the NPV financial analysis from the previous 
TIM205 report. The NPV was still positive; therefore we were still able to go through with establishing a supply chain for 
our product. We were able to see that the NPV had decreased from our previously determined data, but overall the 
product would still be profitable. 

Exhibit 2.2: NPV Analysis
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Demand Estimates
These values are estimates based on a similar company (cubic transportation systems) and their financials from the past 
two years. The following resources were used to determine these values:

• http://www.cubic.com/News/Press-Releases/ID/859/Cubic-Reports-Third-Quarter-Fiscal-Year-2013-Results
• http://biz.yahoo.com/e/130801/cub10-q.html

Exhibit 2.2: Demand Data 

Exhibit 2.3: Plot of Demand Data

Error Comparison 

Exhibit 2.3:  Error Comparison
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For our demand forecasting we have chosen Winter’s Model.  A detailed analysis of the various methods can be found in 
the appendix.  

Because the demand for Smart Transportation Design clearly has trend and seasonality in the systemic component, we 
expected Winter’s model to produce the bast forecast. As expected the moving average and simple exponential 
smoothing methods had relatively large MAD and MAPE compared to Holt and Winter’s methods.  Although Holt’s 
method was less biased the MAD and MAPE were high enough to indicate it would not be a good forecasting model.

The static method has a considerable edge over all models with respect to MAD, MAPE and bias but because the data is 
highly seasonal we have decided to adopt Winter’s method.  We can adjust the smoothing constants now that we have a 
starting reference.

Exhibit 2.3:  Future Forecasting

2014 Q1 758

2014 Q2 625

2014 Q3 820

2014 Q4 673

Summary
In this section we have outlined our drivers for inventory, facilities, transportation and information.  We have covered 
planning for raw materials, WIP and finished goods, manufacturing facilities and warehouses, and transportation between 
facilities.  We have also created a plan for the development of our information system.

Based off the estimation of demand data for our company, we were able to use this data to forecast future demand for 
our product. This estimated demand can be sued for determining quantities of the supply chain drivers that will be seen 
later in this report. The forecasted demand data can be used to make a supply chain more efficient or more responsive 
depending on the strategy chosen. 
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3. Supply Chain Operation 

The time horizon for supply chain operation is weekly or daily.  Supply chain configuration is fixed and planning policies 
are defines.  Now we will take a look at individual orders and processing. We will define our set of supply chain 
management guidelines and detail the micro-functions of our supply chain network drivers.  We will include detailed 
analysis and calculations of cycle inventory, safety inventory, facility network design, and transportation network design.  
We will also introduce our proprietary supply chain management software.

Supply Chain Management Guidelines
We plan to design a supply chain that is sensitive to customer demand, while maintaining moderate efficiency; hence it 
will be crucial for us to perform accurate demand forecasting. Our inventory levels will largely depend on these forecasts 
to maintain the efficiency we have envisioned for ourselves.  In our initial days though, we plan to keep some early 
margins in our safety stock so as to be responsive to customer demand. Following the “pull” model must help us be 
sensitive to customer demand; we will not be open to large changes in quantity demanded though and large variations in 
lead times. In order to meet desired fill rates and service level demands we intend to have a limited range of products.

We look up to using our supply chain management software to bring end-to-end visibility into our supply chain.

We intend to keep open and credible communications with our customers, and stakeholders regarding risks, 
accomplishments and supply chain efforts on a regular basis.
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Drivers for Supply Chain Management

Inventory

Cycle Inventory
We made demand forecast for four years and according to that we have planned our cycle inventory. Demand forecast 
for each component and their units cost are given in the table below. All our suppliers are in the same region with our 
factory (China). For each shipment we need to pay 250$ and additional 30$ for each additional pick up point. Percent 
inventory holding cost is 25%. Based on these information cycle inventory calculated for 3 different cases. Best case will 
be selected as our policy for cycle inventory replenishment. Since material cost is same for each case’ only shipment 
costs and inventory holding costs are compared.

Exhibit 3.1: Demand Forecast for Components 
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Case 1: No Aggregation

In this case we assumed that each item is ordered and shipped independently. Result of this method is given in the table 
below. 

Exhibit 3.2: Cycle Inventory - No aggregation
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Case 2: Simple Aggregation

In this case, every shipment consists all type of products. There is a single shipment cost, which is calculated as $400 
($250 truck cost, $150 additional pick up point cost).

Exhibit 3.3: Cycle Inventory - Simple aggregation

Case 2 gives decreased shipment and inventory holding cost.
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Case 3: Tailored Aggregation.

It is not efficient to take all the products in every shipment because of that tailored aggregation model is implemented for 
our components. Results are given in the table below.

Exhibit 3.4: Cycle Inventory - Tailored aggregation
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Exhibit 3.5: Cycle Inventory - Tailored aggregation continued

Comparisons of 3 cases are given in the table below. According to these results it is better to use simple aggregation for 
the first year and tailored aggregation for the following years.

Exhibit 3.6: Cycle Inventory - Comparison

Shipping + Inventory Holding CostShipping + Inventory Holding CostShipping + Inventory Holding Cost

Case 1 Case 2 Case 3
Year 1

Year 2

Year 3

Year 4

7607 4619 4674

8598 5560 5074

9354 6331 5519

10352 7419 6115
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Exhibit 3.7: Cycle Inventory - Total annual Cost

Year Total Cost ($)
1 111279

2 141336

3 166780

4 203639

Safety Inventory
Safety inventory is calculated to cover uncertainty in our demand. We have calculated several statistic parameters before 
calculating the safety stock level. These values are given for the first year as:

• Average weekly demand: 30 units
• Standard deviation of weekly demand: 10 units
• Average lead-time for replenishment: 3 weeks
• Desired cycle service level: 97%

Exhibit 3.8: Safety Inventory & ROP
Average weekly demand 30 units

Standard deviation of weekly demand 10 units

Average lead time for replenishment 3 weeks

Desired cycle service level 96 %

Safety stock 33 units

Re-order point 123 units

In the flowing figure, inventory quantity of LCD screen, wi-fi module and microcontroller are given over the time

Exhibit 3.9: Safety Inventory - Wi-Fi module and Micro-controller
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In the flowing figure, inventory quantity of electrical plug and packaging box are given over the time.

Exhibit 3.10: Safety Inventory - Electrical plug and Packaging box

In the flowing figure, inventory quantity of cable is given over the time.

Exhibit 3.11: Safety Inventory - Cable

Facilities
JED-I will have a single manufacturing facility in China and one warehouse in USA for the first year. After the fist year, 
number of warehouses will increase to meet customer demand effectively. So we need to decide locations and the 
number of the warehouses for the second year.  For the first three years, sales will be made only within the USA.  
Demand can be divided based on regions such as west, mid-west, south and northeast. For the third year expected 
demand from west, mid-west, south and northeast ate 990, 240, 550 and 570 units. Possible warehouse locations are 
San Jose, Boston, Pittsburg, Denver and Tampa.  In the table below, unit transportation costs are given from warehouse 
locations to demand points. Also capacity of each warehouse is given.
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Exhibit 3.12: Warehouse Capacity

To find the optimal number and location of warehouses capacitated plant model location model used.

Capacitated Plant Location Model

Parameters:

n =  number of potential plant locations/capacity (each level of 
capacity will count as a separate location)

m = number of markets or demand points

Dj = annual demand from market j

Ki = potential capacity of plant i

ft = annualized fixed cost of keeping factory iopen

cij = cost of producing and shipping one unit from factory i  to 

market j (cost includes production, inventory, transportation, and 

tariffs)

Decision Variables:

yi = 1 if plant i is open, 0 otherwise

xij = quantity shipped from plant i  to market j
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LP Model:

min fiyi
i=1

n

∑ + cij xij
j=1

m

∑
i=1

n

∑

Conditional on:

xij
i=1

n

∑ = Dj for j = 1,...,m

xij
j=1

m

∑ ≤ Kiyi for i = 1,...,n

yi ∈{0,1} for i = 1,...,n, xij ≥ 0

Decision variables of capacitated plant location model are given in the table below.

Exhibit 3.13: Table with Decision Variables

Excel Solver is used to LP model of capacitated plant location problem. As a result after three years JED-I will have 3 
warehouses in San Jose, Boston and Tampa with 2500 unit capacity.  In the table below, allocation of supply 
warehouses and demand locations are given. Total cost of transportation cost is $30,530/year.

Exhibit 3.14: Table of Locations Solved
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Transportation

Possible Modes of Transportation
From supplier to manufacturing facility: Our main suppliers are located in Asia and our first manufacturing plant in China. 
Possible modes of transportation available between the suppliers and the manufacturing plant are air, package carriers, 
truck and rail.

Manufacturing facility to warehouse: Our main warehouse is located in United States and our manufacturing facility is 
located in China. We have to use combination of two modes of transportation between China and United States. First 
option is water and land, second option is air and land and third option is water and air. 

Design of Transportation Network
For the first three years we will have single manufacturing facility and single warehouse. Because of that initial design is 
relatively simple network. In the inventory management section we have grouped our raw materials and we have 
determined their shipment frequency (Case 3, tailored cycle inventory). Since we have decided that we will use a single 
truck in each replenishment cycle, our transportation design between suppliers and manufacturing facility will be based 
on milk-run system. Since we have a single manufacturing facility and a single warehouse; there will be direct shipment 
network between them.

Analysis of Transportation Options Between Suppliers and Manufacturing Facility
In possible transportation modes section several alternatives are given for the transportation between suppliers and 
manufacturing facility. In the table below, analysis of these alternatives are given for the main materials (LCD Screen, Wi-fi 
Module, Microcontroller)

From the table it can be seen that truck alternative gives the minimum cost with 10 days lead-time. Since we give 
importance to responsiveness we would prefer to select first alternative carrier 1 which is slightly expensive than the 
minimum cost alternative.

Transportation Cost and Responsiveness
We also evaluated our transportation network design by comparing the transportation cost with our responsiveness. In 
the Table below demand forecasts are given in weekly basis. Our product needs customization based on our customer 
needs because of that response durations are given in weekly basis. 

TIM 225 Management of Technology xxxiv



It can be seen from the Table that the minimum cost provided with 3-week response. It is 20% cheaper than 1 week 
response but for the first year we should pay the difference between 1 week and 3 week response because our strategic 
fir for the first year is being highly responsive. 

Summary
For our cycle inventory we calculated that it is better to use simple aggregation for the first year and tailored aggregation 
for the following years.   For the WiFi module and micro-controller we will order in lots of 250 and keep safety stock of 
33.  For the electrical plug and packaging box we will order in lots of 500 and keep safety stock of 33.  For the cable we 
will order in lots of 300 and keep safety stock of 20.  JED-I will have 3 warehouses in San Jose, Boston and Tampa with 
2500 unit capacity. Total cost of transportation cost is $30,530/year. The trucking transportation alternative gives the 
minimum cost with 10 days lead-time. Since we give importance to responsiveness we would prefer to select first 
alternative carrier 1 which is slightly more expensive than the minimum cost alternative.  A 3-week response is 20% 
cheaper than 1 week response but for the first year we should pay the difference between 1 week and 3 week response 
because our strategic fir for the first year is being highly responsive.
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Report Summary

During the strategy phase we decided how to structure our supply chain over the next several years.  We decided the 
configuration and how resources are allocated.  We established the various stages of our supply chain and outlined the 
processes.  We made “high level” decisions on the key drivers; inventory, transportation, facilities and information.  We 
examined the functions involved in receiving and filling a customer order.  We re-caped the product development and 
marketing strategies that we developed in TIM 205 and discussed in depth the operations, distribution and service of our 
supply chain.

We started with the competitive strategy of our firm, developed through market analysis, identifying customer needs, 
conceptual design and product platform/lines.  We aligned these strategies with our supply chain strategies.  In doing so 
we evaluated strategic fit and responsiveness goals to build our high level supply chain strategy and supply chain 
network design.

Intelligent Transportation has developed a cost leadership competitive strategy.  We have created a solution that is 
cheaper than existing products; multi-purpose and affordable to implement.  We have developed an integrated product, 
it includes real time passenger system for busses, real-time bus screens at bus stops and a smart card system that 
tracks how many passengers are on a bus at any one time.  We used existing technologies when possible and 
developed more cost efficient counterparts.  

Our product currently has a highly uncertain supply and demand.  Because of our highly integrated system, potential 
buyers will contract for a specific number of units, allowing us to run production lines based off individual client needs.  
This will allow us to be somewhat responsive and increase efficiency.  To align with our competitive strategy it is 
important we offer low cost solutions for our clients, so we need to decrease supply chain costs so as not to incur a loss.

To align with our competitive strategy we are outsourcing to 3 main suppliers to produce our real-time map displays; LED 
suppliers, screen suppliers and packaging suppliers to capitalize on economies of scale and locate manufacturing 
facilities in China.  By locating facilities in China we will are closer to our suppliers and we can take advantage of low 
costs associated with being located in a developing country.  We are transporting regionally via ground trucking and to 
the U.S. via ship.  This also reduces cost and aligns with our competitive strategy.  Once in the U.S. we will use air to 
ship to our clients, adding responsiveness to our supply chain.

Our customers are transportation companies. An outsourced assembly company is responsible for setting up the new 
displays in the stations. For material supply, we have implemented a push system but production of real-time map 
displays is customized according to customer orders.

In the second phase, planning, we consider our supply chain configuration fixed, and have made plans to maximize 
supply chain surplus.  We also covered planning for demand.  We reevaluated preliminary financial information acquired 
during TIM 205 and used this data to forecast demand using multiple methods. We used these figures to plan in detail 
our key drivers; inventory, facilities, transportation and information.  We defined a set of operating policies for the short 
term performance of our supply chain.  We aligned these drivers with competitive strategies, product development 
strategies, marketing and sales strategies. 

We have covered planning for raw materials, WIP and finished goods, manufacturing facilities and warehouses, and 
transportation between facilities.  We have also created a plan for the development of our information system.
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Based off the estimation of demand data for our company, we were able to use this data to forecast future demand for 
our product. This estimated demand was used for determining quantities of the supply chain drivers.  

The final phase of this report was operations.  Supply chain configuration is fixed and planning policies are defined.  We 
defined our set of supply chain management guidelines and detailed the micro-functions of our supply chain network 
drivers.  We included detailed analysis and calculations of cycle inventory, safety inventory, facility network design, and 
transportation network design.  We also introduced our proprietary supply chain management software.

For our cycle inventory we calculated that it is better to use simple aggregation for the first year and tailored aggregation 
for the following years.   For the WiFi module and micro-controller we will order in lots of 250 and keep safety stock of 
33.  For the electrical plug and packaging box we will order in lots of 500 and keep safety stock of 33.  For the cable we 
will order in lots of 300 and keep safety stock of 20.  JED-I will have 3 warehouses in San Jose, Boston and Tampa with 
2500 unit capacity. Total cost of transportation cost is $30,530/year. The trucking transportation alternative gives the 
minimum cost with 10 days lead-time. Since we give importance to responsiveness we would prefer to select first 
alternative carrier 1 which is slightly more expensive than the minimum cost alternative.  A 3-week response is 20% 
cheaper than 1 week response but for the first year we should pay the difference between 1 week and 3 week response 
because our strategic fir for the first year is being highly responsive.

This report touched on several key features of supply chain management.  Not included in the operations sections is the 
ongoing continuous reevaluation of our supply chain strategy.  Supply chain management has a huge impact on the 
overall success or failure of our firm.  Since supply chain management spans the scope of product planning through 
distribution and service - it is important to to include supply chain strategies throughout the entire processes. There are 
many trade offs to consider, not just maximizing total supply chain surplus but also insuring future profitability of the 
supply chain and of the firm.
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4. Appendix 

Assessment of 205:

What did the team do well?
• It was good that we were all able to meet together in person, at least once a week, to do work, check in with one 

another, or clarify anything. This was really helpful because it allowed us to delegate tasks, comment on our previous 
work, clarify anything learned in class, catch everyone up on our project overall, and allow people to add input for any 
improvements. 

• It was also helpful to meet with Tyler or the professor during office hours for any report clarifications and input that 
would improve our overall report. 

• Distributing work based on preference and group member capabilities, so all the parts were completed and the person 
best suited for the particular section completed it.

• Our group worked well to fill in the missing pieces of the report to make sure every member knew about all the 
portions of the report.

• Incorporating all portions of the report and improvements together every week.

What were some of the challenges and bottlenecks to getting quality work done in a timely manner? 
• Finding a weekly meeting time that all our group members could attend as one of our group members was commuting 

from San Francisco.
• Catching one of the group members on the class material and group deadlines, as the Wednesday night class was 

one week behind the Tuesday/Thursday class sessions.
• Adding explanation to help the overall flow and transitions in the report.

In what concrete ways does the group plan to improve both the quality of the work, as well as the efficiency 
of execution of the work? 
• We plan to critique our work more than last quarter and check each other’s work for accuracy and clarity. 
• We plan to complete our work in a timelier manner, a day in advance, in order to allow time to correct, improve, and 

assemble the report.
• We plan to add detailed explanations to any work that is completed.

Obstacles and Improvements for this quarter
• This quarter, all group members will be attending the same class section on Tuesday and Thursday, so we will see 

each other in class and learn all the material at the same time. 
• It will be difficult to find a meeting time. All of our group members have class on Tuesdays and Thursdays and one 

member commutes from San Francisco and will only be able to meet on those class days.
• One group member is new to our project, but this can be solved by going through our report from last quarter to 

answer questions and fill in details regarding the TIM205 project.
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MIT “Beer Game”
Customized MIT “beer game” of our product, the team will have a thorough understanding the supply chain.

Supply Chain
The supply chain of our Transportation Device has four stages:

Boards to be used

• Customer Board
• Distributor Stage Board
• Manufacturer Stage Board
• Supplier Board
• In-Transit Board between Distributor and Manufacturer

Goal
To minimize the total cost incurred over the period when the game is played. 

Games Rules
A cost of $1 is incurred for each case of beer in ending inventory per period. A cost of $2 is incurred for each case of 
demand in backlog per period. 

Game process
Phase 1 Activities (Common the all two stages) 

1. Pick order from ORDER-IN box and record on recording sheet as Current Period Demand.
2. Compute Gross Demand by adding Current Period Demand (from this period) and Backlog (from previous period).
3. Transfer the minimum of the amount in the INVENTORY box and Gross Demand from the Inventory box to the SHIP 

OUT box. Record the amount transferred as the Amount Shipped.
4. Record Ending Inventory as the amount remaining in the INVENTORY box.
5. Compute Backlog = max[Gross Demand-Amount Shipped, 0], record on recording sheet.
6. Place a replenishment order with the supplier on an order slip and place the order slip in the ORDER-OUT box. 

Record Order Placed on the recording sheet.

Phase 2 Activities for Distributor
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In this phase the distributor receives orders from the client, product from the manufacturer, and moves product to the 
client and orders to the manufacturer.

1. Move order from IN-TRANSIT ORDER box between distributor and manufacturer to the ORDER-IN box of the 
manufacturer.

2. Move the order from ORDER-OUT box of distributor to IN-TRANSIT ORDER box between distributor and 
manufacturer.

3. Move product from IN-TRANSIT INVENTORY between distributor and manufacturer to INVENTORY box at 
distributor.

4. Move product from SHIP-OUT box of manufacturer to IN-TRANSIT INVENTORY box between distributor and 
manufacturer.

5. Move order at top of file in CUSTOMER ORDER box to ORDER-IN box of distributor.
6. Move product from SHIP-OUT box of distributor to CUSTOMER PRODUCT box.    
                                 
Phase 2 Activities for Manufacturer

In this phase, the manufacturer receives raw materials from the supplier and moves the next order to the supplier. 

1. Take order from RAW-MATERIAL ORDER box at supplier and move equivalent amount of beer from RAW 
MATERIALS box at supplier to INVENTORY box at manufacturer.

2. Move order from ORDER-OUT box at manufacturer to RAW-MATERIALS ORDER box at supplier. 

Game Results
Based off researched competitor data we randomly generated the first 2 years demand to mimic the high level of 
uncertainty:

d=c(64350, 62900, 64350, 64350, 64375, 66900, 64375, 64375)
summary(d)
Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
62900   64350   64360   64500   64380   66900 
sd(d)
[1] 1097.679
mu = 64500
sigma = 1097.679
x = rnorm(12, mu, sigma)
x
[1] 64471.58 [2]64497.91 [3]63171.29 [4]64327.64 [5]66495.51 [6]64612.44 [7]62777.13 [8]63476.80 [9]66001.01 
[10]64489.21

Our order algorithm was set to order the mean plus 2 times the backlog.

We found using these figures it took the Distributor two periods to recover from a spike in demand and the Manufacturer 
4 cycles. Total Distributor costs were $208,263 and total Manufacturer costs were $216,204.  Total Supply Chain Cost is 
$424,287.
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Exhibit A.1: Recording Sheet for Distributor & Manufacturer 

Period Current 
Period D

Gross 
Demand

Amount 
Shipped

Inventory 
After Ship

Ending 
Inventory

Backlog Order 
Placed

0 0 0 0 129000 129000 0 64500

1 64471 64471 64471 64529 64529 0 64500

2 64497 64497 64497 32 64532 0 64500

3 63171 63171 63171 1361 65861 0 64500

4 64327 64327 64327 1534 66034 0 64500

5 66495 66495 66034 0 64500 461 65422

6 64612 65073 64500 0 64500 573 65646

7 62777 63350 63350 1150 66572 0 64500

8 63476 63476 63476 3096 68742 0 64500

9 66001 66001 66001 2741 67241 0 64500

10 64489 64489 64489 2752 67252 0 64500

Total Inventory CostTotal Inventory Cost 206195 Total Backlog CostTotal Backlog Cost 2068

Period Current 
Period D

Gross 
Demand

Amount 
Shipped

Inventory 
After Ship

Ending 
Inventory

Backlog Order 
Placed

0 0 0 0 0 129000 0 0

1 0 0 0 129000 129000 0 64500

2 64500 64500 64500 64500 64500 0 64500

3 64500 64500 64500 0 64500 0 64500

4 64500 64500 64500 0 64500 0 64500

5 64500 64500 64500 0 64500 0 64500

6 64500 64500 64500 0 64500 0 64500

7 65422 65422 64500 0 64500 922 66344

8 65646 66568 64500 0 64500 2068 68636

9 64500 66568 64500 0 66344 2068 68636

10 64500 66568 66344 0 68636 224 64948

11 64500 64724 64724 3912 72548 0 64500

12 64500 64500 64500 8048 72996 0 64500

Total Inventory CostTotal Inventory Cost 205460 Total Backlog CostTotal Backlog Cost 10564
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Benchmark with Plantronics
While Plantronics involves actual Point of Sales customer consumption data to determine demand forecasts, our 
company in its early stages has to perform demand forecasting solely based on historical data. However, we aim to make 
a shift in the future. This will help us collaborate and synchronize activities with our end customers as well.

Though Plantronics in their earlier supply chain strategy used to assemble their products to match a min-max setting, our 
company from the start has chosen to purchase supplies and assemble our manufactured product in tune with the 
forecasted demand and not a preset min-max setting.

Plantronics plan to use a “pull” model in their current supply chain after using the “push” model. However, as we are 
introducing a new product we resort to the “pull” model from the start, we buy our raw material based on our demand 
forecasts and then assemble our product when there is a customer order.

However, our information driver is still in a nascent state when compared to that of Plantronics’. Plantronics has a very 
high level of integration between its Supply chain drivers and players. What works to our advantage though, is the fact 
that our software is built based in practices and analytics that we actually use and stick to in our supply chain activities.
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Sensitivity Analysis 

Exhibit A.2: Change in Sales Volume vs. Change in NPV

Exhibit A.3: Change in Sales Volume Plot
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Exhibit A.4: Change in Development Cost

Exhibit A.5: Change in Development Cost vs. Change in NPV
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Forecasting

Static Forecasting Method
Since the static method is the backbone for Winter’s method we will start there.  We have determined the periodicity, p=2 
which is even.  We use equation A.1 to calculate de-seasonalized demand.

Dt = Dt−( p/2) + Dt+( p/2) + 2Di
i=t+1−( p/2)

t−1+( p/2)

∑
2P

                                                         (A.1)

We run a linear regression in MS Excel on the de-seasonalized demand following the liner relationship in A.2 between de-
seasonalized and change in demand over time.

Dt = L +Tt                                                                                  (A.2)

We then estimate the seasonal factors A.3 and average seasonal factors A.4 to re-seasonalize the data A.5.

St =
Di

Dt

                                                                                     (A.3)

Si =
Sjp+i

j=0

r−1

∑
r

                                                                                 (A.4)

Ft+l = [L + (t + l)T ]St+l                                                                        (A.5)

Exhibit A.6: Plot of Static Forecasting
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Exhibit A.7: Static Forecasting Method 

TIM 225 Management of Technology xlvi



Exhibit A.8: Output of MS Excel Regression on DeSeasonalized Data

Moving Average
The moving average method is used when demand has no observable trend or seasonality. The N-period moving 
average is evaluated as follows:

Lt = (Dt + Dt−1 + ...+ Dt−N+1) / N                                                                   (A.6)

The current forecast for all future periods is the same and is based on the current estimate of level.  The forecast is stated 
as:

Ft+1 = Lt  and Ft+n = Lt                                                                           (A.7)

To compute the new moving average we add the latest observation and drop the oldest.

Exhibit A.9: Plot of Moving Average 
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Exhibit A.10: Moving Average Method

Simple Exponential Smoothing Method 
The simple exponential smoothing method is appropriate when demand has no observable trend or seasonally.

Given demand data for periods 1 through n, we have:

L0 =
1
n

Di
i=1

n

∑                                                                                  (A.8)

The current forecast for all future periods is equal to the current estimate of level and is given as:

Ft+1 = Lt  and Ft+n = Lt                                                                         (A.9)

After observing the demand, Dt+1 for period t +1, we revise the estimate of level as follows, where α=0.01:

Lt+1 =αDt+1 + (1−α )Lt                                                                    (A.10)

Exhibit A.11: Plot of Simple Exponential Smoothing
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Exhibit A.12: Simple Exponential Smoothing Method 

Holt’s Method
Next we will implement Holt’s method.  This is trend corrected exponential smoothing, used when demand has level and 
trend in the systemic component but no seasonality.

We run a linear regression in MS Excel on the demand following the liner relationship in A.11 between demand and 
change in demand over time.

Dt = at + b                                                                                         (A.11)

Given estimates of level and trend, the forecast for future periods is expressed in A.12 and A.13.

Ft+1 = Lt +Tt                                                                                      (A.12)

Ft+n = Lt + nTt                                                                                   (A.13)

After observing demand for period t, we revise the estimates for level and trend using equations A.14 & A.15 and 
α=0.01, 𝛽=0.01.

Lt+1 =αDt+1 + (1−α )(Lt +Tt )                                                                   (A.14)

Tt+1 = β(Lt+1 + Lt )+ (1− β )Tt                                                                   (A.15)
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Exhibit A.13: Plot of Holt’s Method 

Exhibit A.14: Holt’s Method
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Exhibit A.15: Output of MS Excel Regression on Demand Data

Winter’s Method
Next we forecast using Winter’s method.  This method is trend and seasonality corrected exponential smoothing.  This 
method is appropriate when the systemic component of demand has a level, a trend, and a seasonal factor.

We will use the level, trend and seasonal factors calculated in the static method. 

Given estimates of level, trend and seasonal factors the forecast for future periods is expressed in A.16 and A.17.

Ft+1 = (Lt +Tt )St+1                                                                             (A.16)

Ft+l = (Lt + lTt )St+l                                                                           (A.17)

After observing demand for period t, we revise the estimates for level and trend using equations A.18, A.19 & A.20 and 
α=0.01, 𝛽=0.01,  𝛾=0.01.

Lt+1 =α (Dt+1 / St+1)+ (1−α )(Lt +Tt )                                                        (A.18)

Tt+1 = β(Lt+1 − Lt )+ (1− β )Tt                                                              (A.19)

St+p+1 = γ (Dt+1 / Lt )+ (1−γ )St+1                                                            (A.20)
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Exhibit A.16: Plot of Winter’s Method

Exhibit A.17: Winter’s Method Data

Error Analysis
Forecast Error:

Et = Ft − Dt                                                                            (A.21)

Estimate the error of a forecast at least as far in advance as the lead time requires.

Mean Squared Error:
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MSEn =
1
n

Et
2

t=1

n

∑                                                                       (A.22)

We estimate that the random component of demand has a mean of zero and a variance of MSE.  This penalizes large 
errors more significantly.  Using MSE is acceptable when the assumption holds that error are distributed around mean 
zero.

Absolute Deviation:

At =| Et |                                                                                 (A.23)

Mean Absolute Deviation:

MADn =
1
n

At
t=1

n

∑                                                                       (A.24)

We estimate that the random component of demand has a mean of zero and a standard deviation of MAD.  Using MAD 
is acceptable when the assumption holds that error are distributed around mean zero. MAD is better than MSE when the 
random component does not have a random distribution.

Mean Absolute Percentage Error:

MAPEn

Et

Dt

100
t=1

n

∑
n

                                                                       (A.25)

Average absolute error an a percentage of demand.  MAPE is a good measure of forecast error when the underlying 
forecast has significant seasonally and demand varies considerable from period to the next.  

Bias:

biasn = Et
t

n

∑                                                                       (A.26)

Will fluctuate around zero if the error is truly random.

Tracking Signal:

TSt =
biast
MADt

                                                                         (A.27)

If the TS in any period is outside the rand of ±6 , this is a signal that the forecast is biased, and either over or under 

forecasting.
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Group Contributions:

Proposal

Phase I

Phase II

Preliminary Time-Phased Plan April

Preliminary specification of SC network Derya

Assessment of previous team project Ellis

Statement of goals and objectives April

Tentative SC network Derya

Organizational StructureOrganizational Structure

• Responsibilities April

• Task Decomposition Matrix April

• GANTT Derya

• Pert April

Supply Chain StrategySupply Chain Strategy

• Explain Overall Strategy April

• High-level Plan for Drivers Derya

• High-level plan for Software April

Demand Estimates Ellis

MIT Beer Game April

SC Strategy (continued) April

Market Sizing April

Demand ForecastingDemand Forecasting

• Product Life-cycle model Ellis

• Market Analysis Ellis

• Cash Flow Analysis Ellis
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Phase III

Final

3/11

3/11

3/8

Preliminary Inventory Management Derya

Preliminary Software Development Ellis

Plantronics Benchmark April

Cycle Inventory Derya

Safety Inventory Derya

Plan Transportation & Facilities Derya

Software Implementation, Discuss Simulation Ellis

Software User Manual April

SC Management Guidelines April

Align and Integrate High Level Strategies w/ Drivers April

Description Summary (Introduction) April

Table of Content April

Executive Summary April

Conclusion (Lessons Learned) April

Individual Contribution Team

Final SC network Derya
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