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CLST is a single level single resource problem, but it
handles multiple items

We consider a big bucket model where several items
can be produced in each time period.

In a big bucket model scheduling is not included Iin
contrast to the small bucket model

Setup times indicate the time it takes to prepare the
machine to the next item.

We also consider holding cost, setup cost, variable
production cost and variable production time for each
product
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Notation

-

N setofitems {1,...,n}

T set of time periods {1,...,m}

d;; demand in period ¢ for item i

veg: production cost in period ¢ for item ¢

he;: holding cost in period ¢ for item i

sc;; setup cost in period ¢ for item 4

st;+ setup time for item 7 in period ¢

sd;;. sum of demand from period ¢ to period k
vt;; production time for item ¢ in period ¢

fec; cost of initial inventory for item
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capit

Notation Continued

capacity in period ¢

capacity for item 7 in period ¢.

capir = min{ T — %, sditm ¥

production in period ¢ for item ;
Indicates if machine is setup for item ¢ In

stock in period ¢ for item ¢

. Initial stock of item i period ¢

-

Decomposition of the Capacitated Lot Sizing Problem with Setup Times — p.5/2



M athematical model

min g feisi; + g E VCitTit + NCitSit + SCitYit

1€eP 1€P teT
st; + x4, 1 = d1,¢ + Si.1 Vie P
Sit—1 1T Tit = djt + Sit Vie P VYtc& T\{l}
Tt < capit YVie P VteT
Z StitYit + Vil < capy VieT
1€P

it > 0,8 > 0,81, > 0,y;+ € {0,1} Vie P VteT
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Exampleof CLST
- o

Instance with 5 periods and 2 items and capacity of 10 in
each period. We disregard the production, setup and
holding cost and just look for a solution with no initial

iInventory:
1item1 1item?2
pertod |1 |2 |3 |4 |5 |pertod|1 |2 |3 |4 |5
d 312 |2 |3 |4 |d 0 15 |2 |3 |4
st 2 12 12 |2 |2 |st 2 12 12 |2 |2
vt 1 |1 |1 |1 |1 |ot 1 (1 (1 |1 |1
fc 101010 ]10]10] fc 10| 10| 10| 10| 10
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A solution to the example

1item1 1item?2
pertod | 1123141512345
T 101/6/0[]0(0|8]0]6/0
S 513[71410]0|3[1({4/0
st 21012(0]07012]012]0
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- .
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o -

Decomposition of the Capacitated Lot Sizing Problem with Setup Times — p.9/2



Reformulation

f # Basic observation is that production in a period satisfy T
some periods in the future.

# A solution is a combination of initial inventory satisfying
demand in period ¢ to £ and production in period ¢
satisfying demand from period ¢ to £

o -

Decomposition of the Capacitated Lot Sizing Problem with Setup Times — p.9/2



Reformulation

- .

# Basic observation is that production in a period satisfy
some periods in the future.
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Reformulation

=

Basic observation is that production in a period satisfy
some periods in the future.

A solution is a combination of initial inventory satisfying
demand in period ¢ to £ and production in period ¢
satisfying demand from period ¢ to £

ldea is to find new formulation where we formulate
problem as a combination of production schedules that
covers a given set of time periods for each item.

Note that Wagner Whitin property does not hold.
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Reformulation continued
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Refor mulation continued

- -

The total production and holding cost for producing item i in
period ¢ to satisfy demand from period ¢ to period &

ko s—1
vl = veusdir + Y Y heiudis
s=t+1 u=t
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Refor mulation continued

- -

The total production and holding cost for producing item i in
period ¢ to satisfy demand from period ¢ to period &

ko s—1
vl = veusdir + Y Y heiudis
s=t+1 u=t

The total production and holding cost for initial inventory for
item 7 to satisfy demand from period ¢ to period &

t s—1
ciyr = feisdite + Z Z heciydis

s=2 u=1
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Refor mulation continued

- -

zv; 1 he fraction of production plan for product ¢ in period ¢
that satisfies demand from period ¢ to k.

w;+ Be the fraction of initial inventory plan for product :
where demand is satisfied for the first ¢ periods.
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Networ k Reformulation modél

min E § SCitYit + sztht + E CUjtk < Uitk

Z Wik + 2V 1.k =1 Vi e P
keT
t—1 m
Wig1+ Y AViki1— Y Zikt—1 =0 VieP VteT\l
k=1 k=t
m
Z 25tk <y VieP, VteT
k=t .
Z StitYit + Z Z vtitsdik itk < capy VU €T
ieP k=t

Lyite{oal}a wit = 0 \V/iEP, VteT J



Refor mulation example

1item ] 1tem?2
pertod |1 |2 |3 |4 |5 |pertod|1 |2 |3 |4 |5
d 3 (2 |2 |3 |4 |d 0 |5 |2 |3 |4
st 2 |2 |2 |2 |2 |st 2 |12 |2 |2 |2
vt I |1 |1 |1 |1 |uot 1 |1 |1 |1 |1
fc 1010|1010 |10| fc 1010|1010 |10
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Example of objective

Cl11
€112
C113
Cl14
Ci15
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Example of objective

ci11 = 10x3+ 0 = 30
€112
C113
Cl14
Ci15
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Example of objective

ci11 = 10x3+ 0 = 30
ciito = 10x5+4+ 0 = 50
Cl13
Cl14
Ci15
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Example of objective

Cill
Cilg
Cl13
Ci14
Ci15

=10x3+4+0 =30
=10x54+0 =50
=10%x740="70

= 10%x 10+ 0 = 100
=10 14 4+ 0 = 140
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Networ k reformulation solution

1
2115 = %
6
2112 = 7
6
125 = %
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Networ k reformulation solution
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1

2115 = %
6

2112 = 7
6

125 = %
zo11 =1
1

<225 = %
_ 6

223 = %
_ 6
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°

Decomposition
The decomposition is per time period T

The pricing problem is to find a feasible schedule in a
timeperiod

The master problem will ensure that the demand is
satisfied for each item.
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Decomposition

=

°

The decomposition is per time period

# The pricing problem is to find a feasible schedule in a
timeperiod

# The master problem will ensure that the demand is
satisfied for each item.

We consider the m polytopes:

( m
Z ZU;tk <y ViePVtelTl
Xt — k=t -
Z stitYit + Z Z Vtitsdipk 2tk < capy YVt €T
\ 1€P k=t

o -
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Decomposition continued

- .

S; Set of production plans that are extreme points in X*
cti, Cost of production plan ¢ € S;
zt, decision variable assosiated with schedule ¢

a;ktq Indicates how much variable z;y; Is set in extreme
point ¢ € S,

o -
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Master Problem

min Z Z ClitWit + S: S: Clig2tig

1€P teT teT qeSy
m
Z 25tk <y VieP, VteT
k=t
t—1
Wi t—1 + S: S: Qik,t—1,q%ttq
k=1 qeSk
m
D aupgrty =0 Vie P Vte T\{1}, (mi)
k=1 qg€eS;
> zty =1 VteT, ()
qES:

thtqZO J



Reduced Cost
fClitkzq — 2tk T

m
Ctig = D icp SCit T D _icp D ket CUitkZVitk
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Reduced Cost
fClz'ltkq — 2tk T

Ctig = Y iep SCit + 2 iep D ks CUk2Vir; The reduced cost for
a column where t # m then becomes:

m m
Cliyg = Z SCitYit + Z Z CUtk=Vitk — Z Z TitZVitk+

i€P ) i€P k=t ieP k=t
m_
ZieP k=t T k+1<Uitk — [t

o -
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Reduced Cost
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Ctig = Y iep SCit + 2 iep D ks CUk2Vir; The reduced cost for
a column where t # m then becomes:

m m
Cliyg = Z SCitYit + Z Z CUtk=Vitk — Z Z TitZVitk+

i€P ) i€P k=t ieP k=t
m_
ZieP k=t T k+1<Uitk — [t

m—1
— Z SCitYit + S: S: (C?Jz'tk — Tt — Wi,k—i—l)zvitk

1€P 1€P k=t
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Pricing Problem
B -
m—1
min Z SCitVYit + S: S: (Cvitk — Tt — 7T7j,k+1)zvitk

ieP icP k=t
m
Z Rtk < Yit Vie PVteT
k=t
m

Z StitYit + Z Z Vit Stk zigky < capy vieT

icP k=t
yit €1{0,1},  2vi >0 Vie PkeT
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