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SCORING WITH SCOR





SCOR Model

• The integrated processes of Plan, Source, Make, Deliver and Return
• Spanning your suppliers,  supplier to your customers and  customers
• Aligned with Operational Strategy, Material, Work & Information Flows.



PROCESS LEVELS OF SCOR Model
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At this level, you and your partners make joint decisions on strategic issues such as the 
following examples:

– Production capacities
– Product design
– Production facility and fulfilment network expansion
– Portfolio joint marketing
– Pricing plans

SUPPLY CHAIN PLANNING – STRATEGIC



This level involves sharing information with your partners on topics such as the following:

– Forecasts
– Production and transportation plans and capacities
– Bills of material (BOMs)
– Orders
– Product descriptions
– Prices and promotions
– Inventory
– Allocations
– Product and material availability
– Service levels
– Contract terms, such as supply capacity, inventory, and services

SUPPLY CHAIN PLANNING –TACTICAL 



SUPPLY CHAIN PLANNING – EXECUTION

At this level, you and your partners engage in an
integrated exchange of key transactional data such as
the following information:

– Purchase orders
– Production/work orders
– Sales orders
– POS information
– Invoices
– Credit notes
– Debit notes
– Payments



SUPPLY CHAIN MANAGER’S BALANCING ACT

Source: 2006 (c) McGraw Hill/Irwin



SUPPLY CHAIN – STRATEGIC PARTNERING 

Criteria 
Types 

Decision
Maker

Inventory
Ownership

New Skills
Employed by vendors

Quick
Response

Automotive
Manufacturer

Automotive
Manufacturer

Forecasting Skills

Continuous
Replenishment

Contractually Agreed 
to Levels

Either
Party

Forecasting & Inventory 
Control

Advanced
Continuous

Replenishment

Contractually agreed 
to & Continuously
Improved Levels

Either
Party

Forecasting & Inventory 
Control

VMI Vendor/Supplier Either
Party

Distribution
Management

Source:  Simchi-Levi, Kaminsky & Simchi-Levi, Irwin McGraw Hill, 2000





BUILD TO FORECAST MODEL 
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BUILD TO FORECAST MODEL 

•Sales Forecasting aggregates all dealers and national sales companies’ forecasts and uses
them as an input for production programming. The method is the bottom-up approach.

•Production programming is the process of consolidating forecast market demand to available
production capacity to get the framework that defines how many vehicles will be built in each
factory.

•Order entry is the stage in which orders are checked and entered into an order bank to await
production scheduling.

•Production scheduling and sequencing fit orders from the order banks into production
schedules. These orders are used to develop the sequence of cars to be built on the
scheduled date. Supplier scheduling is the process whereby suppliers receive forecasts at
various times, actual schedules, and daily call-offs.

•Inbound logistics are the process of moving components and parts from supplier to assembly
plant.

•Vehicle production is the process of welding, painting, and assembling the vehicle.

•Vehicle distribution is the stage at which the finished vehicle is shipped to dealers.



BUILD TO DELIVERY MODEL 
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BUILD TO DELIVERY MODEL 

•Order entry begins when a salesperson enters a customer order into the system. Then, the
order is passed on from the dealer to the national sales/regional sales office and
subsequently to the manufacturer’s headquarters.

•An allocation check is done at the national sales company to see if the desired vehicle is
available or not for the dealer.

•Then, a build-feasibility check, which is the process of checking whether the special options
and specifications are feasible for the production, follows to determine whether special
options and specifications are available for that vehicle in the market. If not, the system
rejects the order and the dealer must make the necessary order correction. Bill-Material-
Conversion is the process of converting the orders received from the dealer to a bill of
materials.

•Bill-of-Material-Conversion is the process of converting the orders received from the dealer
to a bill of materials. This tells the manufacturers what kind of components they need to
build the vehicle.

•The final stage in order entry is to transfer the order as a bill of material to the order bank.
The order will stay in the order bank until the system transfers it into the
•plant’s production schedule.



INBOUND SUPPLY CHAIN NETWORK VISIBILITY

TIER 1 SUPPLIERS TIER 2 SUPPLIERS TIER 3 SUPPLIERS

OEM 1 OEM 2 OEM 3 OEM n

LOGISTIC 
SERVICE 

PROVIDER A

LOGISTIC 
SERVICE 

PROVIDER B

LOGISTIC 
SERVICE 

PROVIDER C

...

W
A

R
EH

O
U

SE

PUSH – Make to 
Stock

PULL – Make to 
Order ASSEMBLY LINE



INBOUND SUPPLY CHAIN COST OPTIMIZATION BY CROSS DOCKING

CROSS DOCK

OVERSEAS OEMs

MILK RUN

OEM 2

OEM 1

TIER 1 SUPPLIER

TIER 2 SUPPLIER

TIER 2 SUPPLIER

VEHICLE
ASSEMBLYCONSOLIDATED 

DELIVERY

This strategy enables firms to use trucks more
efficiently. It also allows more frequent deliveries.
This yields decreased logistics costs and allows
assembly plants to maintain supply stocks.



OUTBOUND SUPPLY CHAIN NETWORK VISIBILITY

LOGISTIC 
SERVICE 

PROVIDER D

LOGISTIC 
SERVICE 

PROVIDER E

WAREHOUSE 1 WAREHOUSE 2 WAREHOUSE 3 (EXPORT)

CENTRALIZED FINISHED GOODS – CAR LOT

AUTO DEALER 1 AUTO DEALER 2 AUTO DEALER 3

VEHICLE ASSEMBLY LINE



OUTBOUND SUPPLY CHAIN NETWORK LAYERS – AVAILABLE OPTIONS

REGIONAL DC 1 REGIONAL DC 2

CENTRAL WAREHOUSE
(FINISHED GOODS – CAR LOT)

AUTO DEALER 1 AUTO DEALER 2 AUTO DEALER 3

OPTION B: 2 LAYERS

OPTION A: 1 LAYER

AUTO DEALER 1 AUTO DEALER 2 AUTO DEALER 3

.......................

Concept: Single Central Warehouse + 
Multiple RDCs

Product: Finished Brand New 
Automobile 

Concept: Single Central 
Warehouse + Multiple Auto 
Dealers

Product: Finished Brand New 
Automobile 

CENTRAL WAREHOUSE
(FINISHED GOODS – CAR LOT)



OUTBOUND SUPPLY CHAIN NETWORK LAYERS – AVAILABLE OPTIONS

OPTION C : 2 LAYERS

.........

CENTRAL WAREHOUSE 1
(FINISHED GOODS – CAR LOT)

CENTRAL WAREHOUSE 2
(FINISHED GOODS – CAR LOT)

REGIONAL DC 1 REGIONAL DC 2 REGIONAL DC 3

AUTO DEALER 1 AUTO DEALER 2 AUTO DEALER 3 AUTO DEALER 4

Concept: Multiple Central
Warehouses + Multiple RDCs

Product: Finished Brand New 
Automobile 



OUTBOUND SUPPLY CHAIN NETWORK LAYERS – AVAILABLE OPTIONS

OPTION D: 3 LAYER OEM 
AFTERMARKET PARTS/ 

SPARE PARTS 
DISTRIBUTION CHANNEL

OEM 1 OEM 2 OEM n......

Concept: Multiple OEM 
Warehouses +
Single Central Warehouse  
+ Multiple RDCs +  OEM 
Distribution Hub + Super 
Stockist

Product: Genuine Auto 
Spare Parts

AUTO DEALER 1 AUTO DEALER 2 AUTO DEALER 3

REGIONAL DC 1 REGIONAL DC 2

CENTRAL WAREHOUSE
(FINISHED GOODS – CAR LOT)

OEM s OWNED 
DUSTRIBUTION HUB

AUTO MECHANIC 1 & 2 AFTERMARKET RETAILER

....... ...........

STOCKIST/ SUPER STOCKIST

So
u

rc
e:

 (c
) 

R
ah

u
l G

u
h

at
h

ak
u

rt
a,

2
0

1
4

 



OEMs
Independent 

parts makers

Repair parts 

makers

Automobile makers Wholesalers Special agents

Dealers

Sub-dealers

Cooperative 

sales companies

2nd-level

wholesalers

Retailers

Large users
Petrol 

stations

Automobiles 

repair shops

End users

Source: McKinsey Industry Studies

AFTERMARKET/SPARE PARTS – SUPPLY CHAIN NETWORK 

Source:  McKinsey Industries Study



AFTERMARKET/SPARE PARTS BUSINESS STAGES

Source:  Deolite Automotive Aftermarket Survey



AFTERMARKET/SPARE PARTS – VALUE CHAIN SYSTEM



Legitimate
w/ Counterfeit
and Gray Market

Unauthorized
International
Supplier

Unauthorized
Manufacturer

Internet
/ web site
/mail order

Will-Fit
Supplier

Broker

converted to 
counterfeit

Domestic
Supplier

Domestic
Manufacturer

International
Supplier

Distribution 
Center

O.E. Vehicle
Manufacturer

Warehouse
Distributor

Auto 
Parts Store 

Mechanic/ 
Repair 
Facility

End User /
Vehicle 
Owner

SIAM Member Company
Indian Manufacturer

Raw Material
Or
Component

Color Key:
= Raw Materials and/or Components

= SIAM Member Companies / Indian Mfgs
= Original Equipment Channel
= Independent Aftermarket Channel
= Steps in the legitimate Supply Chain Model
= Illegitimate Steps in Supply Chain

O.E. 
Dealer

Independent Aftermarket Channel

Original Equipment Channel

Master Dist
/ Importer 
of Record

AFTERMARKET – COUNTERFIET/GRAY MARKET ELEMENTS IN SCM

Origin: Rajkot, Belgaum, Pune, Delhi NCR



INVENTORY AND WAREHOUSE MANAGEMENT





COST OF INVENTORY

Inventory is the raw materials, component parts, work-in-process, or 
finished products that are held at a location in the supply chain.

Physical holding costs:

-Out of pocket expenses for storing inventory (insurance, security, warehouse rental, 
cooling)
- All costs that may be entailed before you sell it (obsolescence, spoilage, rework...)

Opportunity cost of inventory: foregone return on the funds invested.

Operational costs:

-Delay in detection of quality problems.

-Delay the introduction of new products.

-Increase throughput times.



COST OF INVENTORY - INBOUND

ORDER

TIER BASED SUPPLIERS
/ OEMs

INVENTORY WAREHOUSE

VEHICLE ASSEMBLY LINE

COSTS

ORDERING COST

HOLDING COST

Key questions:
•How often to review?
•When to place an order?
•How much to order?
•How much stock to keep?

ORDER



COST OF INVENTORY - OUTBOUND
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Let’s say we decide to order in batches of Q…

Number of periods will 
be 

D

Q

Time

Total Time

Period over which demand for Q has occurred

Q

Inventory position

The average 
inventory for each 
period is…

Q

2

NOTATIONS

• Demand is known and deterministic: D units/year

• We have a known ordering cost, S, and immediate replenishment

• Annual holding cost of average inventory is H per unit

• Purchasing cost C per unit

UNDERSTANDING  INVENTORY POSITION WITH RESPECT TO TIME



COMPUTATION OF TOTAL COST

Total Cost  =  Purchasing Cost + Ordering Cost + Inventory Cost

Purchasing Cost  =  (total units) x (cost per unit)  =   D x C

Ordering Cost  =  (number of orders) x (cost per order)  =

Inventory Cost  =  (average inventory) x  (holding cost)  =

TOTAL COST = D x C +                         +

D

Q
x  S

Q

2
x  H

D

Q
x  S

Q

2
x  H

NOTE: In order now to find the optimal quantity we need to optimize the total
cost with respect to the decision variable (the variable we control)



COMPUTATION OF EOQ- ECONOMIC ORDER OF QUANTITY

Order Quantity (Q*)

C
o

st

Total cost

Holding costs

Ordering costs

Q* = 
2SD 

H 

EOQ = Q*

EOQ Insight on EOQ: There is a tradeoff
between holding costs and ordering
costs

EOQ applies only when demand for a product is constant over the year and each new 
order is delivered in full when inventory reaches zero. 

There is a fixed cost for each order placed, regardless of the number of units ordered. 
There is also a cost for each unit held in storage, commonly known as holding cost, 
sometimes expressed as a percentage of the purchase cost of the item.



CASE STUDY: DEDUCING AUTO DEALER ORDER SIZE 

CASE STUDY:

Assume a car dealer that faces demand for 5,000 cars per year, and that it costs INR
3,00,000 to have the cars shipped to the dealership. Holding cost is estimated at INR
10,000 per car per year. How many times should the dealer order, and what should be
the order size?

548
10000

)000,5)(300000(2* Q

Therefore, optimum Economic Order Of Quantity is 548 Cars 



CASE STUDY 

Receive 

order

Time

In
v
e

n
to

ry
 

Place

order

Lead Time

Order

Quantity

Q

If delivery is not instantaneous, but there is a lead time L:

When to order? How much to order?



ROP = LxD

Receive 

order

Time
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Order

Quantity

Q

Place

order

Lead Time

Reorder

Point

(ROP)

D: demand per period
L: Lead time in periods

Q: When shall we order?
A: When inventory = ROP

Q: How much shall we order?
A: Q = EOQ

If demand is known exactly, place an order when inventory equals 
demand during lead time.



What if the lead time to receive cars is 10 days?  (when should you place your order?)

Since D is given in years, first convert: 10 days = 10/365yrs

10

365
D   =  R  =

10

365
5000 =  137

So, when the number of cars on the lot reaches 137, order 548 more cars.



Time
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Receive 
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Place

order Lead Time

ROP = ???

PREDICTABILITY OF DEMAND



X

Inventory at time of receipt

Receive 

order

Time

Inventory 

Level

Order

Quantity

Place

order

Lead Time

ROP

Lead Time Demand

LEAD TIME DEMAND

Actual Demand < Expected Demand



Stockout

Point

Unfilled demand

Receive Receive 
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OrderOrder

QuantityQuantity

PlacePlace

orderorder

Lead TimeLead Time

If Actual Demand > Expected, we Stock-Out

STOCK-OUT POINT



ROP = Expected Demand

Average

Time

Inventory 

Level

Order

Quantity

Uncertain Demand

RELATION BETWEEN ROP AND UNCERTAIN DEMAND

If ROP = expected demand, service level is 50%. Inventory left 50% of the 

time, stock outs 50% of the time.



To reduce stock-outs we add safety stock

Receive Receive 

orderorder

TimeTime

PlacePlace

orderorder

Lead TimeLead Time

Inventory
Level 

ROP =

Safety 

Stock +

Expected 

LT
Demand

Order Quantity
Q = EOQ

Expected
LT Demand

Safety Stock

SAFETY STOCK



Service level 

Safety 

Stock

Probability
of stock-out

Decide what Service Level you want to provide 
(Service level = probability of NOT stocking out)

DECISION FOR SERVICE LEVEL

Variance over multiple periods = the sum of  the variances of each period (assuming 
independence) and Standard deviation over multiple periods is  the square root of 

the sum of the variances,  not the sum of the standard deviations!!!



Average Inventory = (Order Qty)/2 + Safety Stock

Receive Receive 

orderorder

TimeTime

PlacePlace

orderorder

Lead TimeLead Time

Inventory
Level 

Order 

Quantity

Safety Stock (SS)

EOQ/2
Average

Inventory



How to find ROP & Q

Order quantity Q =

To find ROP, determine  the service level (i.e., the probability of NOT stocking out.)
 Find the safety factor from a z-table or from the graph. 
 Find std deviation in LT demand: square root law.

 Safety stock is given by: SS = (safety factor)(std dev in LT demand)
 Reorder point is: ROP = Expected LT demand + SS 

Average Inventory is: SS + EOQ/2

2SD
EOQ

H


      (      )   

LT D

std dev in LT demand std dev in daily demand days in LT

LT



  

CALCULATING ROP BASED ON EOQ



Back to the car lot… recall that the lead time is 10 days and the expected
yearly demand is 5000. You estimate the standard deviation of daily demand
to be d = 6. When should you re-order if you want to be 95% sure you
don’t run out of cars?

168)36(1065.1137 ROP

Since the expected yearly demand is 5000, the expected demand over the
lead time is 5000(10/365) = 137. The z-value corresponding to a service level
of 0.95 is 1.65. So

Order 548 cars when the inventory level drops to 168.

COMPLETING THE CASE STUDY BY FINDING ROP – REORDER POINT



EOQ BASED QUANTITY DISCOUNT – AFTERMARKET VENDORS

PDH
Q

S
Q

D
TCQD 


















2

Same as the EOQ, except: Unit price depends 
upon the quantity ordered

Calculate the EOQ at the lowest price

Determine whether the EOQ is feasible at 
that price 

•Will the vendor sell that quantity at that 
price?
•If yes, stop – if no, continue

Check the feasibility of EOQ at the next higher 
price

Continue until you identify a feasible 
EOQ

Calculate the total costs (including 
total item cost) for the feasible EOQ 
model

Calculate the total costs of buying at 
the minimum quantity required for 
each of the cheaper unit prices

Compare the total cost of each 
option & choose the lowest cost 
alternative

Any other issues to consider?



EOQ BASED QUANTITY DISCOUNT – AFTERMARKET VENDORS

Annual Demand of Bearing Model TEX123 = 
5000 units

Ordering cost = INR 49

Annual carrying charge = 20%

Quantity Unit Price

0 to 999 INR 5

1000 to 1999 INR 4.8

2000 and over INR 4.75

Unit price schedule:

 feasiblenotQ INRP 718
75.42.0

49000,52
75.4 






 feasiblenotQ INRP 714
80.42.0

49000,52
80.4 






 feasibleQ INRP 700
00.52.0

49000,52
00.5 






QUANTITY DISCOUNT : STEP 1



EOQ BASED QUANTITY DISCOUNT – AFTERMARKET VENDORS

Annual Demand of Bearing Model TEX123 = 5000 
units

Ordering cost = INR 49

Annual carrying charge = 20%

Quantity Unit Price

0 to 999 INR 5

1000 to 1999 INR 4.8

2000 and over INR 4.75

Unit price schedule:

QUANTITY DISCOUNT : STEP 2

700,25500000.500.52.0
2

700
49

700

000,5
700 INRTCQ 

725,24500080.480.42.0
2

1000
49

1000

000,5
1000 INRTCQ 

50.822,24500075.475.42.0
2

2000
49

2000

000,5
2000 INRTCQ 

FEASIBLE



SCOR based MILP – Mixed Integer Linear Programing Model

The supply chain structure of the automobile industry under study consists of four
echelons viz. Suppliers, Manufacturing plants, Distribution Centres (DCs) and Customers .

The strategic level modelling is the long term planning which decides the basic
configuration of the supply chain and determine the optimum number of the suppliers
out of the approved list, plants and distribution centres to keep under operation and the
assignment of customers to distribution centres with an objective of minimizing the total
cost of supply chain.

TIER BASED 
SUPPLIERS

OEMs
AUTO 

MANUFACTURERS
DISTRIBUTION 

CENTERS
RETAILERS CUSTOMERS



ROLE OF CORPORATE HQ/OFFICE IN MILP MODEL 

The MILP strategic level modeling is the long term planning which decides the basic
configuration of the supply chain and determine the optimum number of the suppliers
out of the approved list, plants and distribution centres to keep under operation and the
assignment of customers to distribution centres with an objective of minimizing the total
cost of supply chain.

All the supply chain activities are controlled by the corporate office using a network of
information flow between the corporate office and various echelons. The industry under
investigation receives the customer orders at its corporate office. The customer orders
primarily include the three key information i.e. the quantity required, delivery dates and
penalty clause for late delivery.

All customers’ demands are aggregated and the annual production distribution planning
is done by the corporate office. At the strategic level decision, the corporate office decides
the suppliers and the allocation of the quantities of the raw materials to the selected
suppliers, optimum production quantity allocation to various manufacturing plants, the
assignment of the distribution centres to the manufacturing plants and also the
assignment of the customers to the distribution centres.



ASSUMPTIONS MADE IN THE MILP MODEL

• It has been assumed that production of one unit of a product requires one unit of plant capacity,
regardless of type of product. The similar assumption is adopted for distribution centres also.

• The components/raw materials procurement and finished product inventory at stores follow a
continuous-review inventory control policy.

• The demand for the finished products is deterministic and the demand rate is constant over time
horizon under study. The model considers the demands generated at each distribution centre
independently from each other.

• The processing time, which is the time to perform the operation, is a linear function of the quantity
of the products produced.

• Transportation times of components/raw materials, subassemblies and finished products between
the stages of the production cycle have been assumed to be same in the present model.

• A type of product can be produced in more than one plant, and each plant can produce at least one
type of product.

• The transportation time, waiting time, setup time and production processing times have been
assumed to be fixed.

• The plants usually hold raw material stock to maintain production.



NOTATIONS DESCRIPTION OF NOTATIONS

T Index on product, where t = 1…….T, T is number of types of products 
produced 

Z Index on manufacturing plant, where z = 1…….Z, Z is the number of 
manufacturing plants 

D Index on distribution centre, where d = 1…….D, D is the number of 
distribution centres 

C Index on customer, where c = 1…….C, C is the number of customers 

S Index on supplier, where s = 1…….S, S is the number of suppliers 

B (d) Binary variable for distribution centre 

B (dc) Binary variable for distribution centre ‘d’ serving customer ‘c’ 

B (z) Binary variable for plant ‘z’ 

CP (z) Production capacity of plant ‘z’ (number of products/year) 

D (tc) Demand of customer ‘c’ for product ‘t’ (number of products/year) 

MILP – Mixed Integer Linear Programing Model (NOTATIONS)



MILP – Mixed Integer Linear Programing Model (NOTATIONS)

NOTATIONS DESCRIPTION OF NOTATIONS

F (d) Fixed cost of distribution centre ‘d’ (Rupees/year) 

F (z) Fixed cost of plant ‘z’ (Rupees/year) 

Max. PV (tz) Maximum production capacity for product ‘t’ at plant ‘z’ (number of 
products/year) 

Max. TP (d) Maximum throughput capacity of distribution centre ‘d’ (number of 
products per year) 

Min. PV (tz) Minimum production volume required for product ‘t’ at plant ‘z’ to 
keep the plant operational (number of products/year) 

Min. TP (d) Minimum throughput required at distribution centre ‘d’ to keep the 
distribution centre operational (number of products/year) 

PC (ms) Unit cost of component/raw material ‘m’ of supplier ‘s’ (Rupees per 
component or Rupees per Kg) 

Q (tz) Quantity of product ‘t’ produced at plant ‘z’ (number of products per 
year) 

Q (tzd) Quantity of product ‘t’ shipped from plant ‘z’ to distribution centre 
‘d’ (number of products/year) 



MILP – Mixed Integer Linear Programing Model (NOTATIONS)

NOTATIONS DESCRIPTION OF NOTATIONS

Q (msz) Quantity of component/raw material ‘m’ shipped from supplier ‘s’ to 
plant ‘z’ (number of products/year) 

UCT (td) Unit throughput cost (handling and inventory)of product ‘t’ at 
distribution centre ’d’ (Rupees/product) 

UPC (tz) Unit production cost for product ‘t’ at plant ‘z’ (Rupees/product) 

UTC (tdc) Unit transportation cost of product ‘t’ from distribution centre ‘d’ to 
customer ‘c’ (Rupees per product) 

UTC (tzd) Unit transportation cost of product ‘t’ from plant ‘z’ to distribution 
centre ‘d’ (Rupees per product) 

UTC (msz) Unit transportation cost of component/raw material ‘m’ from supplier 
‘s’ to plant ‘z’(Rupees per unit of component/raw material) 

w(1), w(2)... Weight factors for plant and distribution centre volume flexibility 

X Total cost of entire supply chain (Rupees/year) 



The objective function of the strategic model is to minimize the total cost of entire supply
chain. The total cost of the supply chain includes the cost of raw materials, various
transportation costs of components/raw materials and finished products between various
echelons and various fixed and variable costs associated with the plants and distribution
centres. The objective function which is the sum of various costs is represented in
mathematical form as:

Min X = Cost 1+ Cost 2 + Cost 3 + Cost 4 + Cost 5 + Cost 6 + Cost 7 + Cost 8 

MILP – Mixed Integer Linear Programing Model (EQUATIONS)

COST 1 Total cost of components/raw materials supplied by suppliers 

∑
Unit cost of component/raw material ‘m’ of supplier ‘s’
(Rupees per component or Rupees per Kg) X Quantity of
component/raw material ‘m’ shipped from supplier ‘s’ to
plant ‘z’ (number of products/year)

∑ PC(ms) x Q (msz)(               )
msz



MILP – Mixed Integer Linear Programing Model (EQUATIONS)

COST 2

∑
COST 3

∑

∑
Transportation cost of components/raw materials from suppliers to the 
manufacturing plants. 

Transportation cost of components/raw materials from
suppliers to the manufacturing plants X Quantity of
component/raw material ‘m’ shipped from supplier ‘s’ to
plant ‘z’ (number of products/year)

msz

(               )UTC (msz) x Q (msz)

Fixed cost associated with plant operations 

∑ Fixed cost of plant ‘z’ (Rupees/year) X Binary variable 
for plant ‘z’ 

(           )F(z) x B(z)

z



MILP – Mixed Integer Linear Programing Model (EQUATIONS)

COST 4

∑
COST 5

∑

Variable costs associated with plant operations 

∑ Unit production cost for product ‘t’ at plant ‘z’ 
(Rupees/product)  X Quantity of product ‘t’ 
produced at plant ‘z’ (number of products per year) 

tz

(             )UPC (tz) x Q (tz)

Fixed cost associated with distribution centre operations 

∑ Fixed cost of distribution centre ‘d’ (Rupees/year) 
X Binary variable for distribution centre 

(          )F (d) x B (d)

d



∑
COST 7

∑

MILP – Mixed Integer Linear Programing Model (EQUATIONS)

COST 6 Variable cost associated with distribution centre operations 

∑
Unit throughput cost (handling and inventory)of product 
‘t’ at distribution centre ’d’ (Rupees/product) X Demand 
of customer ‘c’ for product ‘t’ (number of products/year) 
X Binary variable for distribution centre ‘d’ serving 
customer ‘c’ 

(                )UCT(td) x D(tc) x B(dc)

Transportation cost of products from plants to the distribution centres 

tdc

Unit transportation cost of product ‘t’ from plant ‘z’ to
distribution centre ‘d’ (Rupees per product) X Quantity
of product ‘t’ shipped from plant ‘z’ to distribution centre
‘d’ (number of products/year)

∑
(              )UTC (tzd) x Q (tzd)

tzd



MILP – Mixed Integer Linear Programing Model (EQUATIONS)

∑

COST 8

∑

Transportation cost of products from distribution centres to 
customers 

Unit transportation cost of product ‘t’ from distribution
centre ‘d’ to customer ‘c’ (Rupees per product) X
Demand of customer ‘c’ for product ‘t’ (number of
products/year) X Binary variable for distribution centre
‘d’ serving customer ‘c’

UTC (tdc) x D (tc) x B(dc)(                  )
tdc

Min. X



MILP SOLUTION BY LINGO 14.0

The use of conventional tools for solving the
MILP problem is limited due to the complexity
of the problem and the large number of
variables and constraints, particularly for
realistically sized problems.

LINGO an Operations Research software tool is
used to solve the strategic MILP model for
supply chain of the said automobile industry.
LINGO solves the problems by using branch
and bound methodology.

The main purpose of LINGO is to allow a user
to quickly input a model formulation, solve it,
assess the correctness or appropriateness of
the formulation based on the solution, quickly
make minor modifications to the formulation,
and repeat the process.

LINGO features a wide range of commands,
any of which may be invoked at any time.
LINGO optimization model has two attributes:
objective function of problem and constraints
of problem.



LIMITATIONS OF MILP MODEL

• The model has not considered the global considerations like import/export regulations,
duty rates and exchange rates etc.

• The model will be applicable in supply chains involved in manufacturing and distribution
industry – ONLY, because input factors changes from industries to industries.

• Modeling is not having the flexibility of supplying the finished products from
manufacturing plants to the customers directly.

• Modeling is unable to handle the risk factors at various stages of the supply chains.

• Preference of various supply chain members have not been considered in the modeling.



After giving the above as input, the strategic model, given by above equation is able to 
give the following outputs: 

• Quantities of products produced at the plants. 

• Quantities of raw materials shipped from the suppliers to the plants. 

• Quantities of products shipped from plants to the distribution centers. 

• Quantities of products shipped from the distribution centers to the customers. 

• Total volume flexibility. 

• Total cost of the entire supply chain. 

FINAL OUTPUT OF MILP MODEL



COLLABORATION IN SCM



COLLABORATION IN SUPPLY CHAIN MANAGEMENT 

Inter-organizational Systems for
Supply Chain Collaboration can be
classified into sub-systems that
support varying degrees of supply
chain co-ordination and
collaboration into three major
types:

1. message-based systems that
transmit information to partner
applications using technologies
such as fax, e-mail EDI or
eXtensible Markup Language
(XML) messages.

2. Electronic procurement hubs,
portals or market places that
facilitates purchasing of goods
and services from electronic
catalogues, tenders and
auctions.

3. Shared collaborative SCM systems that include
collaborative planning, forecasting and
replenishment capabilities in addition to
electronic procurement functionality.



WORK FLOW – KANBAN BOARD IN SAP

看 板 – Kanban literally
means “visual card,”
“signboard,” or “billboard.”

Toyota originally used
Kanban cards to limit the
amount of inventory tied up
in “work in progress” on a
manufacturing floor.

Not only is excess inventory
waste, time spent producing
it is time that could be
expended elsewhere.

Kanban cards act as a form
of “currency” representing
how WIP is allowed in a
system.



GOALS STORY QUE WORK IN PROGRESS DONE!

ACCEPTANCE DEVELOPMENT TEST DEPLOYMENT

EXPEDITE

WORK FLOW – A TYPICAL KANBAN BOARD

14 Days 
Wait 
Time

18 Days 
Wait 
Time

GOALS

GOALS

GOALS

Waiting Work Queue



CATIA V5 – INTEGRATED DESIGN PLATFORM



ENOVIA 3D Live: Virtual Product LifeCycle Management

ENOVIA is for collaborative
management and global life
cycle (PLM) with the
historical VPM (Virtual
Product Management) and
its successor VPLM as well as
DMU which came from the
SmartTeam and MatrixOne
acquisitions.

ENOVIA provides a
framework for collaboration
for Auto Company's PLM
software. It is an online
environment that involves
creators, collaborators and
consumers in the product
lifecycle.



CATIA V5
ENOVIA 

V6
SAP

CIDEON V6
X PDM SAP 
INTERFACE

ENGINEERING = (DESIGN+PLM) MANUFACTURING
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Management
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TYPICAL SAP MODULES IN AUTOMOTIVE ASSEMBLY PLANT
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SAP ver ECC 6.0
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SAP NETWEAEVER PLATFORM 

The SAP NetWeaver® platform
empowers the collaborative
functionalities of SAP SCM. It allows
you to flexibly and rapidly deploy,
execute, monitor, and refine the
software that enables your business
processes and strategies. With SAP
NetWeaver, you can deploy
innovative business processes across
the organization while making use of
your existing software and systems.

SAP NetWeaver provides end-to-end
process integration by enabling
application-to-application processes
and business to- business processes,
performing business process
management and business task
management and enabling platform
interoperability.



CONCLUSION

A supply chain is defined as a set of relationships among suppliers, manufacturers,
distributors, and retailers that facilitates the transformation of raw materials into final
products. Although the supply chain is comprised of a number of business components,
the chain itself is viewed as a single entity.

In construction and identification of this integrated logistics model, we identified the
primary processes as logistics processes concerning all the participants of the integrated
value chain. It is reasonable to consider transfers and transaction of products and
information as primary processes, when logistics functions are in focus

It shares operating and financial risks by having these suppliers build with their capital and
operate their employees, facilities that are usually part of the OEM’s span of control. They
share the profits with Automotive Manufacturers when demand is strong because these
suppliers receive a payment per unit that covers variable material and labor costs and
contributes to overhead and profit. When demand is high, this relationship is profitable for
all. When the economy is slumping, they share the loss with Automotive Manufacturers
because Automotive Manufacturers buys only what it needs to meet consumer demand.
Automotive Manufacturers has less invested capital and therefore lower fixed costs.



CONCLUSION

Even though Automotive Manufacturers is at the end of the assembly process, it
coordinates the supply chain by providing demand information to not only first tier but
second, third, and fourth tier suppliers. This process of spreading information about
product demand often, quickly, and simultaneous provides the supply chain members with
up-to-date information that greatly reduces/eliminates fluctuation in demand usually seen
by suppliers, commonly known as the bullwhip effect .

Sequence Part Delivery and Pay As Built systems are commonly used by OEMs and their
supply chains to simplify transactions, reduce transportation cost, slash inventory, and
improve efficiency. These systems work very well when the components being shipped are
bulky and take much inventory space, can be easily damaged, and are expensive to ship

Just In Time (JIT) concept can also be incorporated to improve further the integrated
logistics model which can be considered as a future work.
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