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Abstract

The Companmentalised Knapsack Problem (CKP) can be stated as the following. A climber wants to load his/her knapsack with
items of various classes (e.g., medicine, food, tools, clothes) and for each item an weight and a utility value are given. However, the
climber cannot put items of different classes together, so he/she must arrange the available space inside the knapsack into
compartments, and put only items of the same class into the same compartment. The capacity of each compartment is lower and
upper bound, and there are costs and loss of knapsack capacity if a compartment is created. The climber has to decide how many
compartments should be created and how to load them in order to maximise the total utility value. This paper addresses a case study
in the cutting of steel rolls in which the CKP arises. The rolls are cut in two-phases: the first phase produces sub-rolls (compartments)
which are, after reducing thickness, cut in a second phase to produce ribbons (a class consists of ordered items with the same
thickness). Finally, two methods of solving CKP are presented, which are used to generate columns in the classical linear optmisation
model of Gilmore and Gomory. Moreover, computational experiments are presented.

Keywords: Cutting and packing problem; Knapsack problems; Combinatorial optimisation.

Resumo

O Problema da Mochila Compartimentada (PMC) pode ser enunciado da seguinte forma: um alpinista quer carregar sua mochila
com itens de diversas classes (p. ex., medicamentos, alimentos, ferramentas, roupas, etc.) e, para cada item 6 associado seu peso e um
valor de utilidade. O alpinista nao pode colocarjuntos itens de classes diferentes, de modo que precisa organizar o espaco interno da
mochila em compartimentos e colocar itens de mesma classe cm compartimentos. A capacidade de cada compartimento é limitada
superior e inferiormente e, além disso, ha custos e perdas da capacidade da mochila para cada compartimento criado. O alpinista tem
de decidir quantos compartimentos deveriam ser criados e como devem ser carregados dc modo a maximizar o valor de utilidade,
descontado os custos por compartimento criado. Este artigo esta orientado para um estudo de caso de corte de bobinas de aco, que
surge em industrias metalurgicas. Os rolos em estoque sao cortados em duas fases: a primeira fase produz sub-rolos
(compartimentos), os quais sao recortados em fitas demandadas, depois de sofre'rem um processo de laminacao (reducao de

espessura. Uma classe consiste de itens demandados de mesma espessura). Finalmente, dois métodos de resolucao do PMC sao
apresentados, os quais sao usados para gerar colunas na classica abordagem de Gilmore e Gomory e resultados computacionais sao
apresentados.

Palavras-chaves: Problema de corte e empacotamento, Problema da Mochila, Otimizacfio Inteira e C ambinato'ria



1. Introduction

Since Gilmore and ‘Gomory’s pioneer articles
(1961, 1963) on 1-dimensional cutting stock
problems, a number of paper have been published
on this theme. This paper deals with a kind of 1-
dimensional cutting stock problem that arises in
steel industries. Clients order ribbons of different
widths and thicknesses. The thicknesses of ribbons
may match or not the thickness of the steel rolls in
stock. The ribbons are grouped into classes of the
same thickness. Therefore, the rolls must be cut in
two phases. Firstly, a roll is cut into sub-rolls
whereby their thicknesses are reduced to match the
ribbon thickness (Fig.1). Then, in a second phase
the reduced thickness sub-rolls are cut
independently using the ribbon width of the same
class (Fig. 2). There are some technical losses to
produce sub-rolls and their widths are also upper
and lower bound. One should cut the rolls
considering such characteristics, so that waste
should be minimised, and since the reducing
thickness process is expensive, the number of sub-
rolls should also minimised. This characterises a
compartmentalised knapsack problem, as described
in the abstract.

Gilmore and Gomory’s linear optmisation
cutting stock model (1965) is appropriated when
consider this problem, however a cutting pattern
that corresponds to a column of the input matrix
has to be generated by considering the phases
described above. In other words, each time a
column is generated a compartmentalised knapsack
problem has to be solved.

Only few articles in the literature are related to
the compartmentalised knapsack problem, however
they avoided dealing with it explicitly by reducing
or relaxing the solution space. In the case of
reducing the solution space, feasibility is
maintained and in the case of relaxing the solution
space, simple heuristics are used to exclude non-
compartmentalised cuttings.

Carvalho and Rodrigues (1995) reduced the
solution space in such a way that the sub-rolls are
cut to produce only one type of item, i.e., a
homogeneous cutting pattern (pattern 1 in Fig. 3).

Cutting pattern 2 in Fig. 3 is not obtained by this
reduced search.

Haesller (1979), Ferreira et al. (1990) and
Correia et al. (2004) generated ordinary 1-
dimensional cutting patterns without
compartmentalisation constraints, and by using
simple heuristics they tried to organise the items
into compartments or discard the cutting pattern.

Thickness
Sub-roll reduced sub-roll

Cylinders

Fig. 1. Thickness reduction process

Steel Roll

" 1 . i
technical losses Phase technical losses\\C066

Intermediary Rolls

M1
[0

Phase

Ribbons

g;

Fig. 2. Two-phase cutting process
pattern II.Epattern 2

item 2I _mFig. 3. Examples of the compartmentalised patterns



Zak (2002) studied a two-phase cutting problem
and proposed a column-row generation method. In
the row generation phase, a new intermediate roll
is considered. Although the problem that Zak
attacked can be seen as building compartments, it
differs from what we consider as a
compartmentalised knapsack problem since any
item can be put together in any compartment.
Regarding his problem, which arises in the paper
industry, the two phases (or more) arise because of
the cutting process and the items are not grouped
into classes.

In section 2, we present the unconstrained
compartmentalised knapsack problem and describe
two solution methods. In section 3, the constrained
compartmentalised knapsack is considered, which
is necessary in the case of low demand. In section
4, the cutting stock problem to meet the demand is
considered. In section 5, we present a simple
rounding heuristic to obtain a feasible integer
solution. Finally, the computational experiments
are given in section 6.

2. The Unconstrained Compartmentalised
Knapsack Problem

Consider a knapsack problem with the capacity
given by c to be loaded with n items. For each item
i e N ={l ,...,n} two integer numbers are given: its

utility value u, and its weight pi. The classical
knapsack problem is to determine the number of
items to be loaded in such a way that the knapsack
capacity is not exceeded and the total utility value
is maximised. Assume now that the items are
grouped into classes (e.g., food, clothes, medicine,
etc.) and compartments should be built inside the
knapsack so that only items of the same class are
loaded into a same compartment. This defines a
partition {N1 ,..., Nk } on set N, that is, there are k
classes of items. The capacity of each compartment
to be loaded with items of class s has a lower limit,

say d?" , and an upper, say, dsmax , s =1,...,k.

In order to prevent trivial infeasibility, it is

assumed that: pigdgnaxSc for all ieNs,
s=l,...,k.

For s: w6=1,...,k, consider the set of all
integer non-negative linear combination of the
weights: Wh = 2 cap, , a,- 20 and integer, such

ieNs

that dgm" s w, s dsma", he Vs,

V,u---qu = V is the set of indexes of all
combinations, h=l, h=2, etc, such that
{V1 ,...,Vk} define a partition on set V. The
capacities for compartments can be restricted to
wh without loss of generality.

where

For the sake of clarity we exemplify the sets
with a simple instance. Let N1 = {1, 2}, N2 = {3,

4, 5} (i.e., m=5 items of k=2 classes) and the
weights are p1=3, pz =4, p3 =3, p4 =6, p5 =7.

AlSO, let dllnin 2 571m =3 and dlmax ___ dinax = 10-

Then, the integer non-negative linear combinations
of weights are given by: for s z 1, W1 =3, w2 =4,
W3 :6, W4 =7, w5 =8, 9, W7 = 10, then V1 ={1, 2,
3, 4, 5, 6, 7} and for 3:2, W8 =3, W9 =6, wm =6,
w“ =7, W12 =9, w13 =9, WM = 10, then V2 = {8,

9, 10, 11, 12, 13, 14}. Note that, with this notation,
when we refer to h=6 (W6 =9), subset N1 is
implicitly considered, although combination w = 9
can also be found in another set, for instance,
w12 = 9, but when we refer to h=12, the subset N2
is considered. Also, note that w12 = 3p; + 0p, +
Ops = 9 and w” = lp3 + 1p; + Ops = 9, i.e., there
are two different ways of combining items of class
2 to obtain the width w=9. Next, we consider the
width combinations without referring to the way of
obtaining it.

Let W,, W5 g VS suéh that only different values
of the combinations are considered. For example,
W2 = {8, 9, 11, 12, 14}. In fact, w-values can be

generated without knowing a,», ieNs. See
Christofides and Whitlock (1977) or Morabito and
Arenales (1995) for a recursive formula. To make
modelling easier we use Vs , but in order to devise
methods we use Ws. To obtain the linear
combination, solve an ordinary knapsack (see step
2 in the COMP_ex method).



Therefore, for each h, we refer to a particular
compartment of width wh , composed by items of
class s, where heV, , and for which a cost 7th of
creating compartment h is given. The cost 9h is
problem dependent (e.g., in steel roll cutting, it is a
cost of reducing the sub-roll thickness to match the
item thickness). Let aih be the number of items i

in the compartment h and yh be the number of
times the compartment h is in the knapsack. The
Compartmentalised Knapsack Problem (CKP) can
be modeled as the following:

max 2: Z (( Z uraih)—)"hJYh +"'
hEVl [EN]

+ Z (( Z uiaih)—7tthh (1.1)
11er iENk

subject to:
Z Z Piaihyh +~~
heVl 1‘le
+ Z Z piaihyhsc (1-2)

hEVk iENk

yh 2 0 and integers, h e V (1.3)

For the sake of simplicity, consider in model (1.1)
~ (1.3) vh= Z uiaih (the utility value of the

EM,

compartment heVJ) and Wh = Z piaih (the
ieNs

capacity of the compartment h 6 VS ).

Two methods were proposed for CKP (Hoto et
al. (2002). The first one evaluates exactly the
compartments and the other one heuristically.

The CON[P_~ex Method

Now we describe an exact method for solving
Unconstrained Compartmentalised Knapsack
Problems. The idea consists of generating all the
best possible compartments.

1. For s=1,...,k, determine all possible non-
negative linear combinations of pi , i e Ns, that is,
wh = Z aihpi , aih 20 and integer (for this use

ieNs

the recursive formula in Christofides and
Whitlock, 1977, or Morabito and Arenales, 1995)
such that d?“ S wh S d?“ , and enumerate them
as described before, which define set WS.

2. For s=l,...,k and all he Ws solve the
knapsack problem:

vh =max Z uiaih
isNx

subject to:
Z piai,l = wh , a”, 2 O and integer, i e NS
ieNS

3. Solve the knapsack problem:
max 2 (vi. — M)».

heW

subject to:
Z wh yh Sc , yh 2 0 and integer,
heW

where heW : Wlu-n uWk

A drawback of this algorithm is in step 2, where
a large number of knapsack problems should be
solved, since the total number of linear
combinations in step 1 can be very large. In order
to overcome this problem, we substitute v,, for an
upper bound.

The COlVIP_bound Method

Here we describe a heuristic method, which
consists of evaluating each compartment without
solving it. We use the upper bound given by
Martello and Toth (1990, p. 93).

1. For s=1,...,k, determine all possible non-
negative linear combinations of pi , i e Ns , that is,
wh = Z aihpi, where aih 20 and integer, and

iENs

such that dim" S w,, S 613max and enumerate them
as described before.

2. For 5 =1, ..., k and h 6 WS determine an upper
bound E, to the knapsack problem in step 2 of
COMP_ex method: vh S Vh.

3. Solve the knapsack problem:



max (17h — M ) J’h
heW

subject to:
Z wh yh Sc, yh 2 0 and integer, h e W
heW

Remark: For compartments h such that yh > O in

step 3, solve knapsack problems in step 2 of
COMP_ex to obtain the loadings. Of course, an
iterative method could be designed as the
following: after solving the knapsack problems to
obtain the loadings, use vh instead of 17h and

repeat step 3. Repeat until no more changings.
Experiments with this iterative method can be
found in Hoto (2001).

3. The Constrained Compartmentalisation

The constrained CKP arises if demand is low, so
that the repetition of an item in a cutting pattern
has to be limited. That is, the number of items type
i in the overall knapsack cannot exceed b,- .

Letting vh = 2 ”ram and wk: 2 piaih , the
ieNs ieNs

mathematical model for the constrained CKP can
be given as follows:

maxz= Z (vh_lh)yh +"'
heVl

+ Z (Wu—7m)”. (2-1)
hEVk

subject to:
k

E 2 Wm SC (22)
s=1heVs

k
|Z Z ath’thn zeN (2-3)

5:1 heVJ

yh 2 0 and integers, h E V (2-4)

Now we describe a greedy heuristic for solving
the constrained CKP. The idea consists of
generating compartments of widths varying from

dsmi" to alsmax for each class s, such that a”, Sb“
where in the begining bi=bi and it is updated
until 5,- =0. Therefore, we generated a number of
compartments for the same class which can
compose the overall knapsack without exceeding
the demand. A 0-1 knapsack problem is finally
solved to choose the compartments.

COMPREST Method

1. For s=1,...,k, determine all possible non-
negative linear combinations of p,- , ie Ns , that is,

Wh = 213] aihpi , a”, 20 and integer (for this use
is s

the recursive formula in Christofides and
Whitlock, 1977, or Morabito and Arenales, 1995)
such that dsmi“ _<_ wk 3 dSm“ , and enumerate them
as described before, which define the set Ws. Let
bi =bi , i=1,...,n.

2. For s =1, ..., k and all he Ws repeat until
51:0, for all ie NS:
2.1 Solve the constrained knapsack problem:

w. =max z uiam
ieNs

subject to:
Z Piaih = Wh
ieNs

0 s a”, s 17,

aih 20 and integer, i 6 NS

2.2 Update bi <—— 5;- —a,-h , and solve the next
knapsack.

3. Solve the 0-1 knapsack problem: .

max 2 (Vh — MW}:
heW.

subject to:
Z Wh Yh SC
hEW

yh = 0 or 1, h e W

In the COMPREST, the 0-1 knapsack problem
in step 3 prevents exceeding the demand (each
compartment is only used once).
Similarly to the heuristic method COMP_bound,

in step 2, we may use an upper bound W, to the
knapsack problem, and we call this method as
COMPREST_bound.

Furthermore, if the number of knives is limited,
it is necessary to limit the number of items in the
compartments. Let f be the number of available
knives to the first phase and g be the number of
knives to the second one, then the following



constraint has to be added to the knapsack problem
in step 2:

Z aih Sg—ng-l,
iENJ

and the following constraint has to be added to the
knapsack problem in step 3:

Z Yth—l,
heV

(see Gilmore and Gomory, 1963).

4. The Compartmentalised Cutting Stock
Problem

So far, we have considered cutting problems that
consist of cutting just one roll. When demand is to
be met, and a number of rolls has be cut, a
mathematical model consists of determining how
many rolls should be cut according to a set of
given cutting patterns. The approach to be used is
the one given by Gilmore and Gomory (1961,
1965). First of ‘all, in order to write down the
mathematical model, assume that all
compartmentalised cutting patterns have already
been generated (to solve the model, a column
generation technique is used, i.e., a
compartmentalised cutting pattern is generated in
each iteration of the simplex method). The problem
is better defined as follows:

Roll Data

Consider the indexes: r = l, ..., m , where m is the

number of types of rolls, and j =l,..., p’, where

p’ is the number of possible compartimentalised
cutting patterns for the roll r. Truly, pIr is in
practice a very large number and it is not necessary
to find it when a column generation technique is
used. Let,

0 L’ width (mm) of roll r.
o P’ weight (kg) of the roll r,
- e’ available (units) of the roll r,
o 8’ unit linear cost ($/mm) of the roll r,

o T” waste (mm) in the roll r, if cutting pattern j
is used,

0 C” cost of cutting the roll r according to
pattern j.

Ribbon Data (items)

Consider the index: i= 1, ..., n , where n is number
of types of ordered ribbons. These items are
grouped into kclasses: N1 ,..., Nk .

0 3, width (mm) of the ribbon i,

0 bi demand (kg) for the ribbon i.

Intermediate Rolls (compartments)

Consider the index: h=l ,...,H’, where H’ is
the number of compartments for the roll type r (in
the example of the section 2, H ’= 14) and let:

0 y,{’ the number of compartments type h in the

cutting pattern j for the roll r,
i

0 at!" number of ribbons i in the cutting pattern j
for the roll r ,

. H’ . .jr _ jr Jr r .(note that a,- —tha,h yh , where aifh IS the

number of ribbons type i in the
compartment h of the j-thcutting pattern
for the roll r. Remember that if h 6 Vs then
the items in the compartment h belong to

NJ. It should be clear that a}; and y}?

are generated, e.g., by the COMP_ex
method. Here, for the purpose of writing
the model, we consider all possible
solutions for the compartmentalised
knapsack problem),

0 92 the cost of reducing the thickness of the
roll r to the thickness of items in the
compartment h.

Therefore, the cost a” may be given by:

.
Hr .

c; =6’T1’+E](92y,{’).

The decision variables
0 x” is the number of the rolls type r cut

according to the cutting pattern j:



A mathematical model for the cutting stock
problem can then be stated as follows:

m p’ . .

min Z Z cj’x” (3.1)
r=lj=]

subject to:

2153107 fiaf’xf’:b,-, i:1,...,n (3.2)
r=lj= 1L
pl
Z x11 s e1

j=1

(3.3)
mp xj'" Se'"

j=l
xf’ 20, integer, r=l,...,m,j=l,..., p' (3.4)

Column Generation (ColGen)

Note that each column of the constraint matrix in
(3.2) — (3.3) has (n+m) elements and the column of
the variable xj’ is given by:

. i . T
afr=(alf’,a{’,...,a{{,o, ...,o,1,0,...,0) ,

r
where or,” = Tfiai” and the number one is in the

(n+r)-th position.

Assume that B is a feasible basis at a simplex
iteration (an initial feasible basis made of simple
compartmentalised cutting patterns is given
below). The simplex multiplier is given by:

RZCBB_]=

(nl,.‘..,7t,,,1t,,+1,..., nn+,,...,7t,,+m).

In order to verify the optimality condition, we
calculate the reduced cost of a variable xj’ which
is given by:

r r r jr H, r jr n jr
= 1

Note that, by considering S1 and Sz as
technical losses,

Tjr=(Lr—S —S2Z1,{y ) ——Z1€a-jr ,then:

cj—na;=8:((1;:r—Sl
—Szth)— ZZ, af’JJr

z’ezyf’ —Zn,-—,iaf’—n+,=6’(L'—S.)~
h=1

SrSZ Zr yér “Sr Effajr + Zr] Ghyhr -
h=1 i: l

n P’ ._ J’ _zini r fiai nn+r '
1:

Therefore,

r r_ n
Sr

Pr jrCj—TtOtj——Z( +1tiL—r)€,a, +
i=l

hzzrl(eh _5rS2)yjr +8r(Lr — Sl)_nn+r

,-

Remember that af—— Z aifhyh' , then:
h: 1

i—lcj—na;=-an[(6’+fliir_i)€ Elaihth-F

z'(e,, +8’S2)yjr +5’(L’ —S1)—1tn+,=
h l

H’n
—ZZ[[(5'+fl,-ir)f 16W}
h=l i=1

H, .

Z (92 — S'Sz)y;’,' +5'(L' — S1) — nn+r
h=1

Finally,
I]

C] —7t0t j’=—hZH((Zlula£ )— Xthi’+
1

(5'(L' — Si ) — Tin”) (4)

where,
r

Since the last term in (4) is independent of the
cutting pattern, the minimum reduced cost can be
determined by:



Hr n , .

min {—Z((Zuiaifhr)—7th)y{, j=1,...,pr and
h=1 i=l

r=1,...,m} (5)

By using the notation in section 2, the set of all
possible compartments for roll r is grouped into the

compartments for each class, that is, {1,...,H' }=
V] u UVk, where Vs contains the indexes of
compartments for class s, also {1,...,n}=
N1 u uNk . Therefore, the problem (5) consists
of solving the compartmentalised knapsack
problem, for every roll r (see problem (1.1) —

(13>):

max 2: Z [( Z uiaih)—7tthh +---
heVl ieNl

+ Z (( Z uiaih)—7thjyh (6.1)
hEVk ieNk

subject to:
Sl+ 2 (S2 + 2 Law)”, +"'

heVl ieN,

+ Z (52 + Z fiaihb’h 5” (6.2)
her ieNk

yh 2 0 and integers, h e V (6.3)

Note that in (6.2), the width of a compartment
he VS (i.e., an intermediate roll), which is one of
items in class Ns , has to include a technical loss

S), then: wh = S2 + Z Zia”, . Also, the loss S1 is
ieNs

included for the first stage of cutting.

Solving the Cutting Stock Problem

In order to solve the problem (3.1) — (3.4) we used
the simplex method with the column generation
technique for the relaxed problem, i.e., by relaxing
the integer condition. Each column is generated by
the solution of the problem (6.1) — (6.4) obtained
by COMP_ex or COMP_bound presented in
section 2. To obtain a feasible integer solution we
used rounding heuristics described in the next
section.

The initial basic matrix is built by homogeneous
compartmentalised cutting patterns:

Choose the roll r such that e’P’= max{ e’P’,
t=1, , m};

for i=1 tondofor j=1tondo a,”:zO,
{building homogenous patterns}
for i=1 tondofor j=1tondo
if i = j then begin

- L
ayr..=[ ziaxJ,

i

(width of the homogenous compartment}
w: =aij'f, {in practice, w > Lmin }
{total ofcompartments in the knapsack}H
{total of items in the knapsack}
a,” .' : ya,”

end
end;

The basis is completed with slack variables of
(3.3). If the slack variable for stock r is negative,
then, an artificial variable is used for this constraint
and phase I of the simplex method is performed.

5. Rounding of the Solution

In this section we present a rounding procedure to
obtain an integer solution, based on Wascher and
Gau (1996). Suppose that the linear relaxation of
problem (3.1) — (3.4) has already been solved to
obtain a continuous solution x. Then, round down
5c to obtain an integer solution LiJ. Unless the
continuous solution is already integer, the rounded
solution will not meet demand, remaining a
residual demand:

’ r
A m P A.
b, =bi — Z Z L—rfi a; LxJ’J, i=1,...,n.

Also, the availablility for the roll r is updated:
r

A p A~e’ =er — Z LxJ’J, r=1,...,m.
1:1



Therefore, a residual problem is formulated to
meet the remaining demand, similar to the problem
(3.1) — (3.4):

Residual Problem

.
m pr jr jrmm 2 EC x (7-1)
r=lj=l

subject to:
m pr r . . A

Zl-ZliTZIaljrxjrzbiy i=11""n (7’2)
r: j:

1

p .

z x11 s é‘

j=1

(7.3)

p'" .

2 xj'” Sé'"
.

Fl
16” _>_ 0 , integer, r=1,...,m,j=1,..., p’ (7.4)

Note that the residual problems have a low
demand. Therefore, to generate the cutting patterns
to residual problems it is necessary to add
restriction (8) to the problem (6.1) — (6.4), and
solve the constrained CKP with COMPREST or
COMPREST_bound.

£2 2 P—Eiaihyhslii,i=1,...,n (8)
s=lheVs L’

After solving the last residual problem, it is still
possible that a small demand lasts, for which we
may use an exhausting repetition heuristic
(Hinxman, 1980), that consists of generating a
constrained compartmentalised pattern and use it
as much as possible. It is repeated until there is no
more demand. More elaborated rounding heuristics
can be devised (see Stadtler (1990), Wischer and
Gau (1996)).

6. Computational Results

The methods presented in this paper were
implemented by using Borland Delphi 7.0 and run
on a Intel Celeron Processor 2.8 GHz with 512 MB
of memory. Here we compare the perfomance of
solving the cutting stock problem by generating
columns in four different ways, since the overall

method has two phases: Phase I is to solve the
linear relaxation of model (3.1.) — (3.4), and Phase
II is of rounding to obtain an integer solution. For
Phase I the unconstrained compartmentalised
knapsack problem is solved for each simplex
iteration, but for Phase II, the constrained
compartmentalised knapsack problem has to be
solved to deal with low demand in the residual
problems. The four ways are given by:

0 Combination 1

Phase I: COMP_bound
Phase II: COMPREST_bound

0 Combination 2
Phase I: COMP_bound
Phase II: COMPREST

0 Combination 3
Phase I: COMP_ex
Phase II: COMPREST_bound

0 Combination 4
Phase I: COMP_ex
Phase II: COMPREST

A number of instances were randomly generated
based on typical sizes found in practice:

Item data:
0 k (the number of classes): 5, 10, 15, 20, 30

and 40.
o n (the number of items types): randomly

generated from 4 to 6 items for each class Ns .

o 3,- (width item): randomly generated so that,
55 mmséi 5250 mm.

0 bi (demand): randomly generated so that,
87,000 kg S b,- 5 99,000 kg.

Roll data:
0 r (number of roll types): ‘3.

L’ (width of roll r): 900 mm, 1100 mm and
1200 mm.
P' (weigth of roll r): 12,000 kg, for all r.
e' (available of roll r).
8’ (unit linear cost of roll r): 8’ =1, for all r.
In the columns class and items are respectively

the number of classes and the number of items of
each instance. In the column time is the running
time in minutes, seconds and milliseconds, and the



column interm are the number of intermediate
rolls generated for each combination. In the
column waste is thepercentage of waste, without
the technical losses.

Note in Table I, if the COMP_bound in the
Phase I is used (i.e., combinations l and 2), then
the method tends to build more intermediate rolls
than if the COMP_ex is used (i.e., combinations 3

and 4).

The use of COMPREST_bound or COMPREST
“in Phase [I is not significant for the number of
"intermediate rolls generated. On the other hand, if
COMPREST is used in Phase II, the running time
is greater.

7. Conclusions

In this paper we use the Compartmentalised
Knapsack Problem (CKP) to generate the cutting
patterns of the rolls of steel (CCSP), because the
“thicknesses of the rolls may not match the
thicknesses of the ordered items, so the rolls have
to be cut into intennediate rolls, whose thicknesses
areTeduced to match the thicknesses of the items.

We present a basic and exact method to the
unconstrained CKP which was modified to a
heuristic one. The ideas were extended to the
wmtstrained CKP.

In order to obtain a. continuous solution of the
Compartmentalised Cutting Stock Problem we
used Gilmore and Gomory’s column generation
technique, and to obtain a feasible integer solution
we used a simple rounding heuristic.

The preliminary computational results suggest
that the combination of COMP_ex (unconstrained
flitting patterns) with COMPREST_bound
“(constrained cutting patterns) result in a good
"strategy.
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