Product Portfolio

Selection as a Bi-level
Optimization Problem

By: A.Kandiraju, E. Arslan, P. Verderame,
& [.E. Grossmann



" A
Motivation

Product portfolio selection:

Investment in new products is a difficult decision
1) Markets are dynamic

« Stiff completion from other suppliers

= Uncertainty in future product demands

Risks involved in decision making can be reduced by Single &
Bi-level optimization models

2) Impact on financial success
= Huge capital investments
= Long term benefits in the form of profits
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Problem statement

Maximize Net resent value (NPV):

Determine optimal portfolio of products to invest for a primary

supplier to maximize NPV

Given:

Demand from customers for products with certain specifications

Suppliers supply multiple products with a profit margin to the
customers at a predetermined price

Production of a product require some resources (effort units)

Each supplier is limited by resources they can spend on all the
products combined (total effort units)

Suppliers can acquire more resources (total effort units) at an
additional cost
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Single level formulation
Investment decisions on new products and resources
Ignores competition from other suppliers

1 . Maximize
Max Z <R) z Z Zﬂr,i.q.c.jzpr,f,q.c,j.k —Z Z ant,i’.q.c.jvt.i.q,c.j ~Vei Eei | YT €51 wpy of primary supplier
teT 1EP qEQ cEC kel iEP QEQ cEC
st Weigej = Voigej T Z Vel Lq.c.j VteT,i€EP,gq€EQ,cEC,jES; Investments in new products
t'eTy
E.j=Eyj+H z Xl j Vt €T,j € 5; Expansion of effort units
t'er)
Xpj = Z Z Z Weigcj V¥t €T,j € 5, Expansion only if product lines are open
iEP qe@ ceC
Z Z Z(er.:'.q,e.j Z Prigeik) S Epj Vt €T,j €5, Restriction on total number of effort units
i€P qEQ cEC kel
Z Sets:
Prigeik = Drigek VteT,i€P,q€Q,c€C kel Production less than the demand .
=5 T- Time
S- Suppliers
Z Prigejk = UBrigeiWrige, VteT,ieP,q€Q,ceC(,jES; Production only from open plants pp
@ |- Customers
P, .i. ERY VtET,i€EP,qEQ,cEC,jES, kEI
tiae i TEQeECIes P- Product type
E.;ER* VtET,jES, . T
o Q- Quality specification
Weigej Veigej X' € (0.1} VteT,i€l,geQ,cECES : . ]
C- Capacity specification
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Bi-level formulation

Upper level : Maximizes Net Present VValue of the primary
supplier by optimal investment strategy

Lower level : Minimizes the costs paid by market to the

suppliers

1 Maximize
Max z m(z Z z Teig.cf Z Priqejie — z Z z BriqejPige; — ¥rj E‘,IJ-)V;' €5, NPV of Primary
tET {EP qeQ CEC kel ieP qe@ cec supplier
st Weigef = Voigqej T Z Vi ig.e] YteT.ieF,qgeQ.cel.jES5 Investments in new products
t'eT!
¥t € T.j € 5, Expansion of effort units
E?.j = EDJ‘ + H Z e J 1 P
t'eT,
Xy = Z z z Wrigej ¥t € T.j € 5, Expansion only if product lines are open
IEP ge@ ceC
i friecl N p inimize th id by Mark

Min [“ T R) i, i) Minimize the costs paid by Market
tET IEF qE§ el JE5 kel
Z Z Z (8riqe Z Prigejr) = Eej wt € T.j € § Restriction on total number of effort units
IEP g=@ £eC rel
Z Prigejr = Drigen wteT,.i€eP.g€Q.c el kel Production is equal to the demand
JEN
z Peigejre = UBtige jWeiqej vteT.i e P.gq e §.cel,je 5 Production only from open plants
Ler
Prigejr €RT wteT,ieP.geQceljesSkel
E,; = R* vteT.jES,
Weige Yriges Fri € {01} YteT.iePgeQ.cel,jes

AIR 7. .
PRODIICTS ¥~

dﬂ%\[g



" J
Bi-level duality based reformulation

= Bi-level is transformed to single level by dual
reformulation

« Lower level LP of Bi-level formulation is equated to its
corresponding dual using strong duality

= Primal and dual feasibility conditions are added

= Bilinear terms arising from multiplication of upper level
variables are linearized using Glovers linearization

Dual reformulation: Upper level problem + strong
duality condition + primal feasibility + dual feasibility +
Glovers linearization
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Example

« Two customers require two types of products

« Two suppliers supply these products

« Each product has quality and capacity specifications

= Time horizon - 5 years (5 Time Periods)

« Discount rate - 12%

« Effort units to produce a product with certain specification is
given

« Each supplier is restricted by total number of effort units that can
be spent

= Product prices, price margins and investment costs are given for
each product
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Example
Schematic representation :

Suppliers Customers

Product types: 2
Quantity specifications: 2
Capacity specifications: 2
12 Total products: 8

Each arrow indicates possible flow of § products

Model Statistics:

Single level | Bi-level with duality
problem based reformulation

No of constraints: 179

No of continuous variables: 174 441

No of discrete variables: 85 85
Solution time 0.046 sec 0.234 sec
Optimality gap 0.00% 0.00%
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Results

Model results Single level problem Bi-level with duality based
reformulation

$8MM $ 41MM
$12.7 MM $ 6.9 MM
$ 33 MM $ 17 MM
Expansioncosts: KRRV $1.1MM

Investment decisions: P1,01,C1: time period 1 P1,Q1,C1 :time period 1
P1,01,C2 : time period 1 P1,Q1,C2: time period 1
P2,Q1,C1 : time period 2 P2,Q2,C1: time period 2
P2,01,C2: time period 2

P2,02,C1: time period 2

RGNV (VST [o]aNe I {oJs M Time periods 1 to 5 Time periods 1 and 2

Aggressive investment strategy by Single level formulation due to the assumption
that market will choose to buy from a supplier irrespective of price

Conservative investment strategy by Bi-level formulation due to consideration of
rational market behavior (market buys from supplier with lowest price)
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Conclusions

= Single and Bi-level formulations help in deciding product
portfolio selection

= Absence of competition in single level formulation results
In aggressive investment strategy due to overestimation of
demands

= Bi-level structure allows to considers market preferences
and overcomes the drawbacks of Single level formulation

Future work

= Consider demand uncertainties through stochastic
programming
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