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Introduction

+» Introduction

Scope of research

 Integrated capacity planning and warehouse location - forward logistics.
— Amounts of capacity to be installed in the production plants in each period.

— Were to locate and operate the warehouses in each period. (given set of
plants producing for potential interconnected warehouses)

Production plant

Figure 1. Network representation
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Introduction

+» Introduction

Scope of research (continued)

« Capacity planning and warehouse location problem with uncertain
demands
— Develop a deterministic capacity planning and warehouse location model.

— Extend the deterministic capacity planning and warehouse location model to
include uncertainty inherent in predicting volatile market demand.

— Use the concept of robust optimization combined with Lagrangean relaxation
method.
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Introduction

+» Literature review

Related articles — forward logistics

Articles

Specifications

Cormier and Gunn (1999)

The pure capacity expansion problem

Rajagopalan et al. (1998)
Lucas et al. (2001)

The capacity planning with uncertainty demands

Fong and Srinivasan (1981a, 1981b)
Klincewicz et al. (1998)
Lim and Kim (1999, 2001)

The integrated capacity planning and facility location
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Problem description

s Capacity planning and warehouse location problem

Decision variables
Amounts of plant capacity, locations of warehouse

Objective

Minimizes total capacity investment and warehouse operating costs (total
distribution and transfer costs)

Main constraints
Capacity, flow conservation, and market demand satisfaction constraints
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Problem description

s Deterministic model

Model parameters

o

pi

I
@y

L1
iy

t
7k

0
U;

m

X
dy

discounted fixed cost for capacity expansion in plant
i in period ¢

discounted variable cost for capacity expansion in
plant i in period ¢

fixed cost of operating warehouse j during period ¢
transfer cost from warchouse j to warehouse j’ at the
end of period r when j#;', and inventory holding
cost in warehouse j at the end of period ¢ when j =’
shipment cost from plant i to warehouse j during
period ¢

shipment cost from warehouse j to market k during
period 7

initial capacity in plant i at the beginning of the
planning horizon

the maximum capacity expansion in plant i during
period ¢

capacity of warchouse j in period ¢

demand of market k& in period ¢ (assumed to be
stochastic and discrete)

Model variables

K}
1! i

't

i

binary decision variable set to 1 if the capacity in
plant i is to be expanded during period ¢, and 0
otherwise

capacity expansion level for plant i in period ¢
binary decision variable set to | if warehouse J is to
be operated during period 7, and 0 otherwise
proportion of the available capacity in plant i
assigned to warchouse j in period ¢

proportion of market & demand dj that is satisfied
from the warehouse ; in period ¢

amount transferred from warehouse j to warehouse

J' at the end of period ¢
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Problem description

s Deterministic model (continued)

L y L L Plant costs
Minimize Z;p = ZTZ[ o + fig + ZJ"':‘/":‘:’ < (fixed, variable, and transportation costs)
teT ie Jje
- warehouse costs
Lyt tfL Showl . ) .
+ ZZ ("w’ + Z Py + Z ik < (fixed, variable, and transportation costs)
1T jed jed kek
subject to
{
ZVL—ZHFSU? Vi, t (1) 7
jel =l . .
— Capacity constraints
up — mixi <0 Vit (2) -
DoV DS =Dk =D S =0 Vi (3
icl Jed kekK jed . .
— Flow conservation constraints
D Wi Dy = Ky <0 Vi (4)-
kek jled
S owho=dj V.1 (5) } Market demand satisfaction constraint
kekK

tor gt "t o Coeo g
ui, Vi i wie 20, xg, v € {0, 1} Vi jj' k,t
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Problem description

PS={1,2,...,8} <— Future possible scenarios
Y wepsPs =1 <—— Probability of occurrence

{E,, F,,d, g} <—— Control constraints

¢ A robust optimization model

Robust optimization paradigm

(LP):
Minimize c¢x + dy
Subjectto Ax =05 (6) X : design variables (independent of uncertainty parameters)
y : control variables (adjusted following uncertainty parameters)
Ex+Fy=g (7) c,d, A b, E, F, g:input parameters
x,y=0

There is no guarantee that the control constraints will
always be satisfied. (error variables)

Minimize a(x, y1,p2,.... ¥5) + wpler, e, ..., e) ' '
Subjectto  Ax = b (6) <—— Design constraint

E.x + FS -+ ey = g .
' g & (8) «—— Control constraint
x,ys=20
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Problem description

¢ A robust optimization model (continued)

(CPWLR):

Minimize Zz= E Ps| &+ wy Z Z el + wy Z Z 8}’)
SEPS (€T il €1 jel

subject to

1
ts T ts 0 .
E vy — E u: — e’ <v; Vit s (9)
=1

ied

u —mixi<0 Vit (2)

Yo+ - Suh =N =0 Y0s  (10)

= et keK et
Sowh o+ DSl - <0 Vs (1)
kek jed
Z“M_(h VJ,IJ (12)
keK

up v SR Wi el et =0, x) v € {0, 1} Vi, j. 'k ts

i a,r

L= (oﬂ,’«\'? + By + vy ”)

1T iel jed
D RS VES )
eT jed kek

 Capacity planning and warehouse location
decision variables (for the entire planning
horizon) are the design variable

« Distribution decisions are control variables
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Problem description

* Reformulate optimization model for decomposition
(CPWLR):

Minimize ZR:ZPS (6;_1_(}” ZZE:-S_‘-G)ZZZS;S) g’: :ZZ( Lots z .rc + Z,},i n)

€T iel =
scPS 1T iel €T jeJ ! !

subject to +53°N (Rff + > oS+ Zaﬂ wﬁ,\)

{ el jel el
Is s 1s 0 . .
E Vi — E uj —e’<v; Yijt,s (9)

1= =1 u —u; =0 Vi t,s (16)
.18 - .

uj' = i <O Vi b8 (13) VE =y =0 Y1, (17)

v+ > fi Lo wi =y f=0 Vs (10 _ o
J'Ezf ; M I\EZK " ; g ( ) H?, u?: vts ;;3: Hi;:?o X’ )C” y;a y;s € {0: ]} VI,],J’,!{, t,s

’ — iy — e <0 V), 1, 14 i, . .
;””‘ + ; i YT o (14) « Capacities are decide - distribution plans are
decide
Z Wi =di Vi ts (12) * X, U, and y, and constraints (2) are the only
kek

components linking the solutions of the capacity
i wareh I ion problem

W —mix<0 Vit (2) planning and warehouse location proble

* Introduce new variables x;'s, u/'s, and yjtS defining,

s .
X~ X! =0 Vits (15) respectively
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Problem description

s Decomposition models

(CPWLER(s)):
Minimize Z'R(s5) =& +p, Y S 0 +p, > S el
€T iel 1eT jed ‘
subject to

1

Z Vi — Z u — el <? Vit (9)

jed =1

W’ — mix<0 Vit (13)

Do A = W= Y =0 ¥ (10)

icl jed kek Jet

Zw + ijf—hj}f—e”<0 Vit (14)

ke K j'ed

S owh=df Vit (12)

keK

M,r's= v;’; .’.’ ) ”/Jn'\ /0 A,” jf € {0 ]} Vl‘ j’j” k’ t

SoYY (w; N 4 (ot —

teT i€l
. 30%) + ST (wi-n
=Y el jed
+P9 Z(P” /;55 + Ps Zéjk“nk)
j'ed kek
Minimize ZMR(0) = Z Z /1” x!
teT i€l SGPS
(SEPS ) )

22\ 2

teT jeJ \sePS
subject to

W —mixt<0 Vit (2)

! 4 ! EE]
u; 20, x;, y; €{0,1} Vi j,1
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Solution algorithm

s Decomposition based approximation algorithm

Step O All decision variables
are setto 1
\
Step 1 Relaxation problem is

ZLR (9) solved

\2

Common capacity
Step 2 expansion and
warehouse location
~2LR
4 (0) plans are solved

J

Terminate condition: repeated until
no significant change in the total cost

Yseps PsZIR(s) + ZER(0)

(CPWLE® ()cp):

Minimize Z[(s) gY + p?ZZw]e”

tel i€l
OMICT]
€T jeJ
subject to
'
1 i 0 .
Z Vi — Zui“ —e’<v; Vit (9)
jet =1

uf —mix<0 Vit (13)

o+ - T - T

icl j'ed kek jled

=0 Vj,t (10)

Sowho+ > -kl — g <0 Vit (14)

kek J'ed

Production and Logistics Information Laboratory

S owh =df Vit (12)

keK
X — % =0 Vit (15)
W — il =0 Vit (16)

YE-F=0 Vi1 (17)

Is I5 IS s
i Vi Fi w20, 0<x<l,

0y <1 Vi jj' kit

U
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Computational experiments

% Test results

Example

Two facility producing the same product, three potential warehouses, five
market and five periods (results are given in Table 6)

Large scale-computational experiments (6 periods)
Consider small, medium, and large problem sizes

Considered small, medium, and large number of scenarios (25, 50, and
75)

Considered low, medium, and large demand variability (25, 50, and 75%),

Five problems are generated and solved with three approaches (CPWLg,
CPWL,* and DEC-AIQ)
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Conclusion

s Summary

Studied the capacity planning and warehouse location problem with
uncertain demand.

* Proposed a deterministic model when demands are known with certainty
» Proposed a case of uncertain demand

Developed an algorithm based on the Lagrangean relaxation
decomposition.

Decomposition-based algorithm produces rather good solution.
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