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A GENERATIVE PICTURE PROCESSING DEVICE
USED IN TWO-DIMENSIONAL CUTTING PROBLEMS

BY

RAZVAN ANDONIE

It is for the first time that syntactic methods are used in two-di-
mensional cutting problems. For this purpose, we define a new type of
context-free picture processing grammars. We establish some of their
properties (we demonstrate that they are unambiguous and operator pre-
cedence grammars). Then we give a heuristic algorithm for the genera-
tion of admizsible solutions of a two-dimensional cutting problems class.
The admissible solutions of a cutting problem are words accepted by an
ordered picture processing grammar. The cutting problems diseussed
are considered with the restrictions specific to the guillotine-type cutting of
iron tables in the heavy industry. Our aim is to rest in the area of syntactic
picture processing, so that we only touch the optimization aspects.
Index Terms — Syntactic picture processing, picture processing gram-
mar, two-dimensional cutting, parenthesis grammar, operator precedence
grammar.

L INTRODUCTION

Solving an optimal two-dimensional cutting problem means — generally
speaking — the achievement of a given plane of two-dimensional com-
ponents by using a minimal eutting surface, or — which means the same —
by obtaining a minimal rest. An optimal cutting problem can be divid-
ed into two parts ;

— the generation of admizsible solutions, which is a problem of
combinatorics ;

— the search of an optimal solution, which iz an optimization
problem.

Gilmore and Gomory [8] reduced the optimization problem to
linear programming. Generally, the set of admissible solutions is very
large. That is why the generation of admissible solutions is made by many
authors heuristically [3, 5, 17].

Hectangular two-dimensional guillotine-type eutting problems are
dizcussed by Albano and Orsini [3], but without restrictions (except the
pozitioning). Our study is concerned with thiz type of cutting problems
but considers also the restrictions specific to the cutting-process of iron
tables in the heavy industry. It is notable that we started from a concrete
necesgity — to solve the optimal cutting problem in one of our biggest
plants “Truck Plant — Bragov” and none of the known algorithms (in-
cluding the program packages DUOCC, DEED, CROCODIL and OLL-
RED) could satisfy our desire.

RREL. = CLTA. XX, 1, p. 3-13, Bucarst, 1983 ]
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Our purpose is to ereate a tool for the seneration of admiszible so-
Intions (with respect to the defined restrictions). We suggest, for the first
time, a syntactic method *.

There are more syntactic possibilities to generate complexes of ad-
jacent rectangles:

1. Shaw’s PDL [15]. The primitives can be, for example, two
ortogonal unit vectors.

2, The same language can be considered as-in [7, 13 pg. 223]; in
this case, the primitives are oriented rectangles.

J. Web grammars, tree grammars and graph grammars [6, 9].

4. Siromoney’s picture languages with array rewriting rules [16].
We shall define a new generative picture processing deviee which is a
class of string-grammars, for which every accepted word (a string) can be
represented as a complex of adjacent rectangles.

Our study is meant to be another branch of the linguistic applications in
different domains, initiated by Professor Solomon Marcus several years
ago at the University of Bucharest, Department of Mathematics,

I, DEFINITION OF THE CUTTING PROBLEM

Resource — a sort of rectangular plate characterized by :
— code
— material
— thickness
— dimensgions (length and width).
Component — rectangular required table-piece characterized hy :
— code
— material
— thickneus
— dimensions (length and width)
— required number of pieces.
7 = Minimal shearing — the distance between the cutting knife and
the guard.
Quiting — we consider only guillotine-type rectangular cuttings.
The width of the eat is not considered. A cut can be performed

only if ;
& a—-sg
i a=nor b>n.
vl >
b b
T
ot
Joupon — utilizable shearing (for which the length or the width is greater
than =).

Residue — nonutilizable shearing (for which the length and the width
is less or equal to «).

* Aly colleague Daniela Marinescu from Uhe University of Brasov, Department of Mathe-
matics, oblained some results unpublished so far by vsing Siromoney's array grammars.
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Positioning — some components have to be positioned lengthily (widely)
to the fibre because of the subseguent processings.

Cutting formule — cutting type of a resource-piece,

Admissible solution of a culting problem — a linear combination of culling
formulas which satisfy a set of restrictions and generate the
planned components,

Optimal solution of a cutting problem — the admissible solution which uses
the minimal number of resource-tables.

¢ = Complexity — a measure of the physical effort of the worker in the
cutting operation.

A culling problem is defined as follows

A set of components (which can be different) of the same material
and thickness have to be obtained under the following restrictions :

1°, Only one resource is to be used, in unlimited guantity,

2°. The number of different components for each entting formula

must be smaller or equal to m*, (usually m* = 5).

3”. The remaining coupons can be used in another cutting problem
for which the cut components are made of a material of poorer guality.

4. The minimal shearing is 7% (usually »* = 7 em).

5°. Some components may have positioning restrictions.

G6°. The number of cutting formnlas must be smaller or equal to n*

(usnally n* — 3).

7%, The complexity for each cutting formula must be smaller or

equal to c*,

The solution obtained must be optimal (or as optimal as possible —
in case of a heuristic procedure).

HI THE MATHEMATICAL MODEL

Supposing that we have to cut the components R, ..., R,, in
the quantities n{R,), ..., n(R,), and that we have succeeded to generate
the set o of the entting formulas, 5 = {0y ..., 0}, we note:

ry = the rest which remains at the application of the formula LA
o= ff+g

pi = utilizable rest {eoupons)

¢l = nonutilizable rest (residues)

p(r)) = the surface of r,

Ay = the appearance number of component Ry in the formula .

The optimization problem can be formulated as follows
One has to find a combination of formulas, ¢, ...,C, e g, with
n(Cy)y ...y n(C,) — the appearance numbers of the regpective  formulas,
go that :
q
Y 4yn(C) =nR,), i=1,s

j=1

(1)

q
z n((;) = min.
J=1
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It is easy to demonstrate that (1) iz equivalent to:

3 a,0(C;) =n(R,), i=1,s
i=1

i S(r) n(C,;) - min.

j=1

The problems (1) and {2) are linear programs. Of course, we have to
consider the restrictions 1%, ... 7° too.

In the following we shall define a syntactic device for the gencra-
tion of admissible solution: by respecting the resirictions 17, 5° and 77,
Consider the resource (n, m), n<m, and the components R 1,, g,
1;<4q,, j=1, & wheren, 1,, ..., 1, are widths and m, q,, ..., q, are
lengths, all of them natural numbers (in our cases, millimeters). It is
obvious that we are reducing the cutting problems to diserete ones.

Definition I: We shall call culting grammar with one resource and with
the minimal shearing «*, (v* e N), the combination :

G = (E,N, P, 8(n,m)) where:
k I I
E={[li=18k=110,,, ] (80, 1<, g <m, 1> or ¢> 7"},
{«(l,q){1 € n,q € m,1 € 5% q < 7*}}
iz the set of primitives,
N = {8(1,q)|1 £ n,q £ m}

is the set of nonprimitives,
H5(n, m) iz the initial symbaol,

P=PuPyuP,uP, is the set of productions
K

P, : 8(1, q) = [ 381, q), 3371, q)]
1

where : 3} :IN® — [N? = [N?®
is an application,
81(1, q) = (Y"1, q), 371, q))

j=1,8k=1,4,1>1,q9>q;
&Y is defined as follows :

q

. NG, S
I |

"
(1) 1 =% o . | R (I
|

3j(l,q) = (L — L, q), (L, q — qy)
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