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PRODUCTION FUNCTION

Assume that a firm can clearly distinguish between its input z (a vector with L-1 
nonnegative entries) and its (scalar) output q

Then it is possible to represent the firm’s production possibilities set Y 
(“production set”) as subset of an L-dimensional commodity space,

where F(z) is called the firm’s production function.
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-z = y1

q = y2

(Labor)

PRODUCTION SET: EXAMPLE

z

Y

(Widgets)



- 5 -MGT-528-Autumn-2022-TAW

})({min})({min
)(:),(

zzwzzw
qzFzYqzy

COST FUNCTION

Question. Given an increasing production function F(z), determine the firm’s cost 
function C(q), i.e., the firm’s minimum cost to produce a (feasible) output vector
q > 0.

Answer: Given a feasible vector q of outputs, the firm solves the expenditure 
minimization problem (or ‘cost minimization problem’ in this context)

where w(z) is the vector of (positive) input prices. The firm’s cost function C(q) is 
its minimal expenditure, 
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COST FUNCTION: EXAMPLE

Problem Set. Find the cost function C(q) implied by the production set

where and are positive constants with + < 1. 
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ECONOMIES/DISECONOMIES OF SCALE

A cost function C(q) with a scalar output q > 0 exhibits economies of scale if the 
average cost decreases in q > 0, i.e., 

If average costs increase in q, then C(.) exhibits diseconomies of scale; if average 
costs stay constant, then C(.) exhibits constant economies of scale.

[Remark. Marginal cost is the cost “at the margin,” corresponding to the slope of 
C(q) at q, i.e., MC(q) = C’(q).]

Similarly, a production function F(z) with a scalar input z exhibits economies of 
scale (diseconomies of scale/constant economies of scale) if the conversion 
rate F(z)/z increases (decreases/stays constant) in z > 0. 

q
qCqAC )()( goes down, as q goes up.
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ECONOMIES/DISECONOMIES OF SCALE

Constant Economies of Scale
(Linear Cost)

Diseconomies of Scale
(Convex Cost)

Economies of Scale
(Concave Cost)

C (q)

q0
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q

MC(q)
AC(q)

MC(q)  =  AC(q) at the minimizer of the average cost (= “minimum efficient scale”)       

AVERAGE COST AND MARGINAL COST

Minimum
Efficient Scale
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DISTRIBUTION IN A SUPPLY CHAIN

Definition: The distribution in a supply chain comprises the subprocesses to move 
the product from the manufacturer to the consumer (incl. intermediate storage).

Distribution affects both the cost effectiveness and responsiveness of a firm. 
• The design of the distribution network is therefore important to implement the 

firm’s strategic position in the (cost effectiveness, responsiveness)-space and 
thus to attain the strategic fit necessary to gain competitive advantage from its 
unique set of resources. 

Examples: Amazon, Apple, Dell, Procter & Gamble, Walmart

Supplier Manufacturer Wholesaler (Distributor) Retailer Consumer

Relevant for Distribution
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DISTRIBUTION: COST EFFECTIVENESS VS. RESPONSIVENESS
Strategic Positioning

Recall the basic tradeoff

Efficient frontier

Cost effectiveness

Responsiveness
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DISTRIBUTION: STRATEGIC POSITIONING (Cont’d)
Critical Components

Cost Effectiveness

• Inventory cost
• Transportation cost
• Facility cost
• Information cost

(systems, transmission)
[neglected for now]

Responsiveness

• Response time
• Product variety
• Product availability
• Service experience

o Order visibility
o Returnability

Different designs of distribution systems (or “distribution networks”)
need to be evaluated with respect to the critical components of the
dimensions in the strategy space, which for our purposes means the
(cost effectiveness, responsiveness)-space introduced earlier.
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STUDENT PROJECT (2012): DIGITEC

Source: Benjelloun, A., Fallahi, Z., Wilkins, N. (2012) “Digitec.ch,” MGT-528 Course Project, EPFL, Lausanne, Switzerland; Digitec.ch.
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SHOULD DIGITEC HAVE SHOWROOMS?

Source: Benjelloun, A., Fallahi, Z., Wilkins, N. (2012) “Digitec.ch,” MGT-528 Course Project, EPFL, Lausanne, Switzerland.
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BIG PICTURE: OMNICHANNEL RETAILING

Source: vabulous.com



- 17 -MGT-528-Autumn-2022-TAW

OMNICHANNEL RETAILING (Cont’d)
“Seamless Shopping Experience”

Source: medium.com

“Be everywhere
where your cus-
tomers are.”
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RESPONSE TIME vs. NUMBER OF FACILITIES

Number of 
Facilities

Response Time

“distributed”

“centralized”
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INVENTORY COST vs. NUMBER OF FACILITIES

Inventory 
Costs

Number of 
Facilities

“distributed”“centralized”

Economies of scale
due to “risk pooling”
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RISK POOLING
“Principle of Diversification”

Let X and Y be two normally distributed random variables (RVs), e.g., the demand 
for a product in two different geographical regions:

X ~ N(mX,vX), 
Y ~ N(mY,vY),

and consider the sum of the two, Z = X + Y. Then Z is also normally distributed,

Z ~ N(mZ,vZ),

with

mZ = mX + mY,   vZ = vX + vY + 2 E[(X-mX)(Y-mY)]. 

Remark. If mX = E[X], mY = E[Y], and mZ = E[X+Y], the last relation always holds 
(no matter what the distribution of X and Y, provided the expectations exist)
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RISK POOLING (Cont’d)

The risk of a normally distributed random variable X is captured by its variance, 

vX = E[(X-mX)(X-mX)].

Thus, for the sum of two normal RVs, Z = X + Y, as introduced earlier:

vZ = vX + vY + 2 XY sqrt(vX vY),

where XY = E[(X-mX)(Y-mY)]/sqrt(vX vY) is the correlation coefficient (in [-1,1]).

XY = -1 : perfect negative correlation

XY = 0 : no correlation

XY = +1: perfect positive correlation

Remark. As before, all of this is perfectly general, and holds for any RVs X and Y,
subject to some minor technical assumptions.
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RISK POOLING (Cont’d)

The effect of risk pooling is best illustrated using N identically distributed variables 
X1, …, XN, where each Xi is normally distributed with mean m and variance v

Then Z = X1 + … + XN is normally distributed with mean mZ = m.N and variance

vZ = N2.v if the Xi’s are perfectly positively correlated

vZ = N.v if the Xi’s are uncorrelated (e.g., i.i.d.: independent, identically distributed)

In other words, the standard deviation (= square root of variance) of a sum of less than 
perfectly positively correlated identically distributed RVs increases less than 
linearly in the number of variables. 

That is, if ij<1 for a pair Xi,Xj, then sZ < N.s, where sZ = sqrt(vZ) and s = sqrt(v).

This is called the risk-pooling effect (or principle of diversification). 
[For example, when the Xi’s are uncorrelated: sZ = sqrt(N).s]
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TRANSPORTATION COST vs. NUMBER OF FACILITIES

Transportation
Costs

Number of 
Facilities

“distributed”“centralized”

- 24 -MGT-528-Autumn-2022-TAW

TOTAL FACILITY COST vs. NUMBER OF FACILITIES

Total
Facility

Cost

Number of 
Facilities

“distributed”“centralized”
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+ Transportation Cost

+ Inventory Cost

+ Facility Cost

Total Total
Distributionstributiostributio

Cost

TOTAL DISTRIBUTION COST vs. NUMBER OF FACILITIES

=

Number of 
Facilities“distributed”“centralized”
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DISTRIBUTION COST & RESPONSE TIME vs.
NUMBER OF FACILITIES

Response Time

Total Distribution Cost

Number of 
Facilities“distributed”“centralized”

The two curves define a frontier in the (cost effectiveness, responsiveness)-space,
(provided that one restricts attention to response time as a proxy for responsiveness)
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STANDARD DESIGN OPTIONS FOR DISTRIBUTION NETWORK
Key Determinants: Inventory Location & Shipping Mode

I. Manufacturer Storage
• Direct Shipping “Drop Shipping”
• Direct Shipping & In-Transit Merge

II. Distributor Storage
• Carrier Delivery
• Last-Mile Delivery

III. Customer Pickup
• Mixed Manufacturer/Distributor Storage
• Retail Storage
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I. MANUFACTURER STORAGE WITH DIRECT SHIPPING
“Drop Shipping”

Manufacturer

Retailer

Customers

Product Flow

Information Flow
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EXAMPLE: THOS. MOSER FURNITURE
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EXAMPLE: AMAZON
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I. MANUFACTURER STORAGE WITH DIRECT SHIPPING
Performance Evaluation
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I. MANUFACTURER STORAGE WITH IN-TRANSIT MERGE

Factories

Retailer / 
Integrator

Product Flow

Information Flow

Merge in Transit
(Merge Center operated by carrier 
or retailer/integrator)

Customers
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EXAMPLE: McDONALD’S
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EXAMPLE: IKEA
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EXAMPLE: DELL
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I. MANUFACTURER STORAGE WITH IN-TRANSIT MERGE
Performance Evaluation
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II. DISTRIBUTOR STORAGE WITH CARRIER DELIVERY

Factories

Customers

Product Flow

Information Flow

Warehouse Storage by 
Distributor/Retailer
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EXAMPLE: HOUSE OF SOUND
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II. DISTRIBUTOR STORAGE WITH CARRIER DELIVERY
Performance Evaluation
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II. DISTRIBUTOR STORAGE WITH LAST-MILE DELIVERY

Factories

Customers

Product Flow

Information Flow

Distributor/Retailer 
Warehouse
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EXAMPLE: CONFORAMA
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EXAMPLE: STEG
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STUDENT PROJECT (2014): STEG

Source: Tissot, J.-M., Litzler, L. (2014) “Steg AG: Generating Value by Optimizing Cost-Effectiveness while Maintaining Responsiveness,” 
MGT-528 Course Project, EPFL, Lausanne, Switzerland.



- 45 -MGT-528-Autumn-2022-TAW

STUDENT PROJECT (2014): STEG (Cont’d)

Source: Tissot, J.-M., Litzler, L. (2014) “Steg AG: Generating Value by Optimizing Cost-Effectiveness while Maintaining Responsiveness,” 
MGT-528 Course Project, EPFL, Lausanne, Switzerland.
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STUDENT PROJECT (2014): STEG (Cont’d)

Source: Tissot, J.-M., Litzler, L. (2014) “Steg AG: Generating Value by Optimizing Cost-Effectiveness while Maintaining Responsiveness,” 
MGT-528 Course Project, EPFL, Lausanne, Switzerland.



- 47 -MGT-528-Autumn-2022-TAW

STUDENT PROJECT (2014): STEG (Cont’d)

Source: Tissot, J.-M., Litzler, L. (2014) “Steg AG: Generating Value by Optimizing Cost-Effectiveness while Maintaining Responsiveness,” 
MGT-528 Course Project, EPFL, Lausanne, Switzerland.
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STUDENT PROJECT (2014): STEG (Cont’d)

Source: Tissot, J.-M., Litzler, L. (2014) “Steg AG: Generating Value by Optimizing Cost-Effectiveness while Maintaining Responsiveness,” 
MGT-528 Course Project, EPFL, Lausanne, Switzerland.

(More detailed analysis shows that Steg is not on the efficient frontier)
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II. DISTRIBUTOR STORAGE WITH LAST-MILE DELIVERY
Performance Evaluation
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III. CUSTOMER PICKUP & RETAIL STORAGE 

Factories

Retailer

Pickup Sites

Product Flow
Information Flow

Cross Docking
Distribution Center

Customer Flow

Customers
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EXAMPLE: PAYOT
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EXAMPLE: WALMART
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III. CUSTOMER PICKUP & RETAIL STORAGE
Performance Evaluation 
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PERFORMANCE COMPARISON OF DISTRIBUTION DESIGNS
Scoring Matrix [Specific Values Depend on Available Resources]

Information

Facility & Handling

Transportation

Inventory

Returnability

Order Visibility

Customer Experience

Product Availability

Product Variety

Response Time

Manufacturer  
storage with pickup

Distributor 
storage with last 

mile delivery

Distributor Storage 
with Package 

Carrier Delivery

Manufacturer 
Storage with In-
Transit Merge 

Manufacturer 
Storage with Direct 

Shipping

Retail Storage 
with Customer 

Pickup 

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

4

4

4

5

5

5

5

55

5

6

6

5

Performance scale: 1-6, with 1: lowest performance, and 6: highest performance
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LINKING PRODUCT CHARACTERISTICS TO DISTRIBUTION DESIGN

Low customer effort

High product variety

Quick desired response

High product value

Many product sources

Very low demand product

Low demand product

Medium demand product

High demand product

Manufacturer  
storage with 

pickup

Distributor storage 
with last mile delivery

Distributor Storage 
with Package Carrier 

Delivery

Manufacturer 
Storage with In-
Transit Merge 

Manufacturer 
Storage with 

Direct Shipping

Retail Storage 
with Customer 

Pickup

+2

+2

+2

+2

+2

+2

+2 +2 +2

+2

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

0

0

0

0

0

0

0

0 0

0

-1

-1

-1

-1

-1 -1

-1

-1

-1

-1

-1

-2 -2

-2

-2

-2

-2 -2

-2

Key: +2: very suitable; +1: somewhat suitable; 0: neutral; -1: somewhat unsuitable; -2: very unsuitable
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IMPACT OF ONLINE PRESENCE ON EXTANT OFFLINE 
DISTRIBUTION NETWORKS

Question A: What is the impact of an online distribution channel on firms’ …

1. … cost effectiveness?
2. … responsiveness?

(Trick!?-)Question B: What is the impact of an online distribution channel on firms’

3.   … profitabilities?

Remark: Bertrand/Cournot Traps (and Supertraps)
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SOME PRACTICAL ISSUES IN DISTRIBUTION DESIGN

• Incentives are key: the ownership structure of the distribution network and the 
terms of contractual arrangements are similar in importance to the design of 
the physical distribution network

• Because of the high adjustment costs and (partial) irreversibilities, the adoption 
of a particular distribution design commits the firms resources for a significant 
time

• Competition in the distribution channels can be desirable or not

• The product’s price, commoditization, and demand elasticity have an impact on 
the type of distribution system preferred by customers
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EXAMPLE: OFFLINE VS. ONLINE

vs.
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EXAMPLE: MULTIOPTIONALITY
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KEY CONCEPTS TO REMEMBER

• Cost structure (fixed/variable cost, average/marginal cost)
• Dis-/economies of scale
• Minimum efficient scale
• Standard design options for distribution networks
• Risk pooling
• Critical components for positioning in (cost effectiveness, 

responsiveness)-space
• Tradeoffs between critical components and number of facilities (as an 

indexing parameter for different design options
• Performance comparison of distribution designs
• Use of product characteristics for distribution design
• Evaluation of design options and real-world considerations


