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The process of finding a best way 1s called
"optimlsation.Most industrial projects invelve the optimization -
of a system, such as minimizing production costs, or minimizing
' the cost of achleving certaln technical properties for some
engineering entity or operation. On the other hand, optimization
may be maximizing profits or capaclity of a flow of goods or
Informatlons through a network, .etc.

One of the most applicable industrial projects, and of
primary Sign.lfic.ance to a variety of industries 1s the so-named
"Trim Loss" or "Cutting stock" problem. This problem is
concerned with cutting rolls of paper, textlles, metallic
foils, cellophane, or other materials into a desired number of
subparts such that the amount of "wastes" is minimized,

Nowadays, large general purpose computers used to solvé
problems of many factories , businesses , universities, ..etc.

In our research, after formulating the .p.r‘oblem, we will
expose the different approaches and techniques to solve It
Finally, a description for a personal computer program designed
and written in order to put the problem in an executable way. The
research could be applied in paper mill industries as well as in
metallic and textile socities of small or large scales.
k¥ Waste is defined in our problem, as any left ovef portions of a
Jumbo reel which cannot be used to meet demand. ‘



I - 2 Technique of cutting process

SO S W e L n - - . e = - —

In textile, metallic, wooden and Paper mill industries,

’

the raw material take the form of rolls or jumbo reels or slices

of certailn width, (fig. ¢ P F

(fig. 1)  e—
The company receives orders to cut, some of these reels
or slices, to a set of sub reels of various width, suitable for
the manufacturing necessities or the customer’s demands. A number
of cutting machines are at the disposal of thé com pany, and their
Knives can be set for an ¥ combination of widths in which the
total combined does not exceedthe overall roll width.

In fitting the 1ist of orders to the avallable rolls and
machines, it. Is generally found that trimming losses are -
unavoidable ; ghis' Wasted material represents a total loss, which
may be somewhat alleviated by seulng it as scrap. The firm
Wishes to determine how to meet these orders so as to minimize
total waste. :

As a start, the firm has to determine the different
Patterns which can be used iIn slitting a jumbo reel, and note
the attendant loss. It will only consider patterns which yield
waste less than the smallest required width,



I - 3 Formulation of the problem

Before formulating the problem, suppose the following
example '

Example !

-

A paper mill preduces paper in reels of standard width .
60 inches, the required minimum number of rolls or slices for
edch widihn ,the have been received as follows !
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To begin with, we determine the following possible
partitions of 60 inches In to the required width .

DI
of rolls.
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The requirement for a Jength of 30 and' width 28 will be
satisfied if ;

2 X1+ X2+ X3 >/ 30 :
where Xi, denote the Jehgth of standard_ree] that will be
Proecessed according to comblination 1,

Also for the other lengths and widths v

XE+3X4+EX5+X6)/60

2 X3+ X52 X6+4 x7 >/ 48
The total trim loss to be minimized is ,

4 X1+ 12 X2 +2 X3 *5 X5 +10 X6 +28 X8
+20 X9 + 15 X10 (1)
Where X8 , X9 and x10 are slack variables .,

However, it is simpler to look at the problem from
another point of view, The lengths of the reels for the various
combinations ar'e X1, X2, ..., X7 and therefore the total area
actually cut will pe 60 » (X1 +X2 + .., +X7 ).

The total area of the paper ordered is :
88#30+80#60+15#4B.

The difference between the two is the trim, and the
latter will pe minimized If ;

X!+ X8 + ... + X7 is minimized,

Equation (1) with the above constraints represent a linear
Programming probiem which could be easily solved to obtain :

X!:X#:X?:Jand

XE-‘X3:X5:X6:0.

This means, thdt the combinations which will give minimum trim
loss are :

Combination number 1 ; 2 X 28
Combination number 4 : I X 20
Comblination number 7 : 4 x 15



Since the ordered length of width 28 ihches is 30, then
we should have to cut 30 / & = 15 large rolls. Similarly, we
should have to cut 60 / 3 = 20 large rolls to satisfy the ordered
length with combination nurﬁbef‘ 4, and to cut 48 / .= 42 Iar‘gel
rolls for the last or‘der*ed length, with a total loss trim equal
to 60 .

28 5
{(£ig.2)

20

15

It could be happened that, there are more than one
optimal solution (multiple solutions ). For example !

2% o8 & 3% 20 & 4 ¥ 15 gives the same total loss trim.

so, the problem could be stated as .
Given quantities -of goods (rolls or slices) of different shapes
to be cut from a material that comes in various s1zes, a number
of possible efficient patterns are considered. How much of each
pattern should be cut ? The number of each pattern cut represent
the decision variables. The constraints are given by the required
gquantities and by the amount of material of each size avarlable.
The objective may be to minimze the cost of the material used or

the amount of waste produced.



I'- 4 Some coherent problems

Although, our problem "the trim loss " was tacKled in
Some other references under the name of " Cutting stock '
bproblemx" but, there are a host of problems that fit this
structure, some are seemingly quite different . These probilems.
could be treated and solved nearly by the same technique, after
adding or de]etlhg Some constraints .Such problems like the so-
called ;

I'- 4-a The knapsack problem

S o T

It is also Known as * Fly - away - kit Problemxx", or /
and loading problem. The basic idea is that there are N dlfferent
ty pes of items that can be but in to a knapsack, Each item }Jas a
certain weight associated with 1t, as well as a value., The
Problem is to determine how many unlits of each item to place in
the Knapsack in order to maximize the total value. The problem
could be formulated as follow :

(¥) " Principles of operations research for management" Budnick,
Mojena, Vollmann - 1977 IRWIN.

(un) v Introducti_on to operations research technigqgues”
H.GDacllenbach & J.A.George & D.C.Mc NicKle-1983 ALLYN&BACON



Maximize Z :§ X e Wiy

subject to :

where Vi , wi are the value and weight of item i .

[ - 4 - b The allocation problem .

This type of problems 1s interest in covering an area of
vital concern - as possible as we can by a limited persoqnel
(fire fighters, police, ambulance drivers, .. etc,), supported
by a suitable equ:‘p:_nent (fire trucks, patrol cars, ambulances or
rescue trucks, .. etc.). .

The problem is to deploy these resources in order 1o
achieve as close as possible the objectives of the emergency
response function, The problem could be formulated as follow !
For any vertex i, only the set Ni of vertices within T (maximum
response time) of i ¢an provide an acceptable emergency Service
to i; :

Ni = § j; dji\«T ,iC X and j is a possible node for a

facility location |.



The declsion variables xJ are defined as :
O If no facllity is established at vertex J.
xJ = ‘
1 If a facllity 1s established at vertex J for é{)

rossible facilily location vertices J .

Also ;
§ FA BN Rl Sl sl S L L PR SR B

J € NI
( n: number of V.ert.zces which have to be served );
and the objective Z Is to minimize the total number of faclility
locations used, Le-:

min : Z:E xj -

J=1 :
( m : the total number of possible facility locations).
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To put the problem In a practical use and application,

we have to overcome two major problems :

- —

It 1s c)eér from the formulation of the problem that,
the trim problem is one In which the decislon variables x1 must
be integers . In applying linear programming techniques, we
cannot guaramtee an lnteger o ptimal solutlon. Also, the approach
of rounding the linear programming solution to the nearest
integer solution is not a good strategy. For example, the

following linear programming problem !

Max 2 x1+ 3 x2
such that
130 x1 +.182 X2 \« 910 ,
4 x1 + 40 X& \< 140 ,
b2t AR \v 4
and Xl X >0
has an optimal solution at x1 = 2.44 & X2°=.2.26
If this solution is rounded to ! '
x4 - 2 and x2 = 3,
the objective function will have the value of 13 ; whereas the
optimal integer solution 1s at: x{ - 4 and x2 = &, with an
objective function equal to 14 . For this reason, it is essential
to put the linear Integer programming techniques 1n to

consideration, to solve this Kind of problems .



Unfortunately, there is no single method, such as the
simplex method - in linear programming problems - that has been
accepted as the "only" method for solving all ty pes of Integer
linear programming models . However, all of the Known methods in
integer linear programming are brimarily based on one of 'the :
following four approaches :

1) Some type of enumération. i1 ) Cutting plane .
1il ) Bender’s decomposition. vi ) Group theory .

We will apply in this research two computer programs for
the first two approaches, If the linear programming technique
falls In giving us the desired integer solution .

II- 2 Generatmg the cuttmg patterns

-.-o-—————-u.——-—-——-—-._——_———-.-_—.—__

Each setting of the cutting blades Yields a set of
sSmaller rolls, and the problem then beconies the determination of
how the bJades should be positioned and, for a given setting of
the blades, how many large rolls should be cut. Thus, the first
thing to be done is to determine which setting of the blades
Ylelds rolls that can be used. Each dlistinct setting Is a
varlable of the problem and the value of each variable represents
low many rolls of standard width should be cut at the
corresponding settlﬁg of the blades.

Retur{u'ng to the table of the different-
combinations in ( I - 3). After arranging the required widths in
descending order, we notice that, for every qombmation there is
a cutting - pattern vector :

10
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where wi, we, and w3 are the required width to be cut. The

numerical difference ¢ between the two sides of the above

equation represents the lossed traim, 1.e

wil x el + we ¥» el + w3 x 3 +C = W

The different cutting - pattern vectors could be
obtained by a computer program to Keep the mannal data
prepar.at mxi to a minimum. However, the steps could be summa -1zed
45 11 the following block - diagram. :

Calculate tiwe J-st vector F

e, BB e

Y

For 1-st width

w2 4

11
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In vector P (last vector obtained),

reduce e by 1, and find all

width

Possible comblinations,

Width - width + 1

( Width - n ? ]

12



Since the problem could be solved by a method or more, and
not by some other methods; so the algorithm which we applied "in

- writing the program consist of five major parts -

| - The input data

——— - - = -

In rimn_ing the program, the computer will print the

following messages .

74 FLEASE ENTER NUMBER OF REQUIRED WI DTHS.-

le; the number of different cutting orders. In our example
of (I - 3), there are 3 different widths in Inches. So, we have
to type 3 and press RETURN Key .

! PLEASE ENTER STANDARD WIDTH OF ROLLS

It is clear, that the reels or slices have a standard width,

It is 60 inches In our example. So, ty pe 60 and press RETURN Key.
c) In the 3-rd section of input data, the computer will

ask about each required width wi, and the requibed number of

rolls or slices for that width.

13



o o S " — S -

As described in (II- 2), a subroutine sub. -
program is written to give all the possible combinations of the
cutting patterns. For each combination, the program calculates
the corresponding trim, the value which will be a member In the

minimized objective function.

J - Constfucting the objective function and all constraints

—-—...-—_-——--..n——---—--—....--_—__—.-u-—_——__.,u-————-—._--—_--.—-_—-—-

The subroutine sub-program of the second part, will
provide us with & l_najor' data values:
i) the trim for each comblination which constitute the
coefficients of the baslc variables in the objective function;
11) in every comblnation, an integer number fop every width,
representing the number of parts to be cut from every roll (;:‘
slice. These integer numbers in front of each width represent the
coefficients of the baslc variables In one constraint, Its right-
hand side 1s the required minimum number of rolls or slices, see
(flg.2) in the example presented in (I - 3). The program
construct automatically - with the output of the 2.nd part, the
objective function and all the constraints of the model (linear

or integer linear programming).

14



4 - Solving the model

As we mentioned in the previeus part, that It coilld
be found two models to be applied in order to obtain the final
results; linear or integer linear programming model Since the
constraints in the linear programming model are of the type (>/);
the simplex two - phase method was applied to solve the problem.
The program will examine the case of "multiple solutions", and
dlsp]ay.é it, If exists, If this model fails to give integer
values for the basic variables, one of two integer linear
programming models or both, could be applied to the problem. lThe

two other models are enumeration and cutting plane methods.

5 - Calculating the total lossed trim

Reaching the optimal selution for the problem, the
computer displays the cutting procedure under the followlng
title:

" THE FEASIBLE SOLUTION IS "

The different cutting patterns, choosed by the program

and which give the optimal solution will be displayed as :

WE SHOULD QUT [x5x] LARGE ROLLS USING THE BLADE POSITION OF
COMBINATION NUMBER [7]

15
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CUT [4] ROLLS OF WIDTH .. [X) INCA,
CUT [B] ROLLS OF WIDTH ... [Y] INCH.
CUT (€] ROLLS OF WIDTH .. (2] INCH,

!llllllI|llll'lllllll'lll'lll'l!l.lll.l.l

After displaying the way of cutting in each comblnatipn,.

the program displays the follow g message !

IF THE LOSSED TRIH EQUAL TO ZERO THEN TOTAL AREA = VVVV INCH

where VVVV - number of large rolls of x standard width.
Also, the program wlll calculate the total net area (TNA), to

be cut from the large rolls, 1Le.

no., of comblinations
TNA = (ALX1.xXX1 + BLYLXXX1 + ClL.Z5Xx XX 1)

SImerEy |

To display the value of TNA, the program will glve the
message !

i

TOTAL NET AREA T0 BE CUT = 7?72 INCH .

The difference between the two previous values gives the

total lossed trim. This difference will appear under the title :

TOTAL LOSSED TRIN = 7277 INCH

16



RESULTS

using

INTEGER
LINEARFPROGRAMMING

N T
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STANDARD WIDIH = 20 INCH

WE REQUIRED [ 3v0 ) ROLLIS) OF WIDTH ..... [ 91 INCH
WE REQUIRED [ 200 ) KGLL{S) OF WIDTH ..v.n L7 ) IHCH
WE REQUIRED [ 150 ) ROLL(S) OF WIDTH ..... L 5 1 INCH

9 2 1 1 ¢ 0 0
1 1 0 ! 0 2 1 0
3 i) 0 2 1 2 A

THE FEASIBLE SOLUTION IS

WE SHOULD CUT [ 150 1 LARGE ROLLS USING THE BLAUE POSITIOK OF COMBIHATION
NUMBER [ 1 1

{2 1 ROLLS OF WIDTH ..... [ 9)

CUT [ 0 1 ROLLS OF WIDTH ..... [ 7 1 INCH

[0 1 ROLLS OF WIDTH ..... [ 51

WE SHOULD CUT [ 100 ) LARGE ROLLS USING THE BLADE POSITION OF COMBINATION

NUMBER [ 4 1

CUT [0 1 ROLLS OF WIDTH 4uuws [ 9 0 INCH

CUT [ 2 ) ROLLS OF WIDTH ..... [T 1 INCH

CUT €1 1ROLLS OF WIDTH ..... [ 91 INCH

WE SHOULD CUT € 13 1, LARGE ROLLS USING THE BLADE PUSITION OF COMBINATION

NUMBER [ & 1

CUT [ 0 ] ROLLS DF WIDTH ..... L 91 INCH
Cur € 0 1 ROLLS OF MIBTH ..... L 7 1 INCH
CUT €4 1 ROLLS OF WIDTH ..... [ § ) INCH

IF THE LOSSED TRIN 15 EQUAL YD ZERD THEN T01AL AREA = 5250 [hCH
TOTAL NET AREA TO BE CUT = 4850 INCH

TOTAL LOSSED TRIN =-400 INCH

CALCULATION TIHE = 00:01:07



- THERE ARE MULTIPLE SOLUTIONS
" THE FEASIBLE SOLUTION 1S

WE SHUULD CUT { 138 1 LARGE ROLLS USING THE BLALE POSITION OF COMBINATION

NMUMBER [ 1 1]

CUT [ 2 1 ROLLS OF WIDTH ..... [ 9 INCH
CUT [ 0 1 ROLLS OF WIDIH ..... (771 INh
CuT [ 0 1 ROLLS OF WIDTH ..... [ 51 InCH

WE SHOULD CUT [ 100 ) LARGE ROLLS USING THE SLADE FGSITION OF CONBINATION

NUMBER [ 4 1

CUT [ 0 ] KOLLS OF WIDIH ..... [ 91 INCH
LUl [ 2 ) ROLLS OF WIDTH ..... [ 71 INCH
Cut [ ! 1 ROLLS OF WIDTH ..... {51 INCH

WE SHOULD CUT [ 25 1 LARGE ROLLS GSING THE BLAGE POSITION OF COMEINATION

NUMBER [ 3 1

cur [ 1 1 ROLLS OF WIDTH ..... L 91 INCH
Cur L 0 ) ROLLS OF WIDTH ..... [ 71 INCH
CUT [ 2 1 ROLLS OF WIDTH ..... [ 51 InCH

IF THE LOSSED TRIW IS EQUAL TO ZERD THEN TOTAL AREA = 5230 INCH
TOTAL NET AREA 70 BE CUT = 4850 INCH

TOTAL LOSSED TRIH =-400 IHCH

CALCULATION TIHE = 00:01:44
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THE GIVEIN DaTa IS

STANDARD WIDTH = 40 INCH

WE REQUIRED [ b0 J ROLLIS) OF WIDTH ...., [ 12 1 INCH
WE REQUIRED [ 30 1 ROLL(S) OF WIDTH ..... {10 ) InCH
WE REQUIRED [ SO 1 ROLL(S) OF RIDTH ..... [ 7 ) IKCH
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WE SHGULD CUT [ 190 ) LARGE ROLLS USING THE BLADE POSITION OF COMBINATION

WE SHOULD CUT [ 8 ) LARGE ROLLS USING THE BLADE POSITION OF CORBINATIGN
NUMBER [ &6 1

CuT [ 0 ) ROLLS OF WIDTH ..... [ 12 ) IHCH

CUT (4 1 ROLLS OF WIDTH ..... € 10 3 IHCH

CUT € 0 1 ROLLS OF WIDTH ..... L 7 1 INCH

WE SHOULD CUT [ 40 ) LARGE ROLLS USING THE BLADE FOSITION OF COMEINATION

NUMBER [ 5 1

CUT [ 1 1 ROLLS OF WIDTH ..... [ 12 ) INCH
CUT [ 0 1 ROLLS OF WIDTH ..... [ 10 ] INCH
Cur € 4 1 ROLLS OF WIDIH ..... £ 71 INCH

IF THE LOSSED TRIM IS EQUAL TD IEKO THEN TOTAL AREA = 2700 IhCH
TOTAL NET AREA TO BE CUT = 2700 INCH

TOTAL LOSSED TRIH =-3.814697E-06 INCH

CALCULATION TIHE = 00:01:08



ENTEGER L INEAMIR PROG.-
THE (53LVER DT LS

STANDARD WIDTH = &0 INCH

ME RERUIRED [ 30 1 ROLL(S) OF WIDTH ..... [ 26 1 INCH
WE REQUIRED [ 40 1 ROLL(S) OF RIDTH ..... 020 ) INCH
WE REDUIRED [ 408 1 ROLL(S) OF WIDTH ..... [ 15 ) INCH

e e e e

Rttt et e e ettt s R S bt A S S S A

THE FEASIBLE SOLUTION 1S

WE SHOULD CUT € 15 1 LARGE ROLLS USING THE BLADE FOSITION OF COMBINATION

NUMBER [ 1 1

CUT [ 2 1 ROLLS OF WIDTH ...... [ 28 1 INCH
Cur [ 0 1 ROLLS OF WIDTH ..... [ 20 ) INCH
EUT £ 0 ] ROLLS OF WIDTH ..... [ 15 1 INCH

WE SHOULD CUT [ 20 1 LARGE ROLLS USING THE BLADE FOSITION OF COMBINATION

NUMBER [ 4 1

CUT £ 0 1 ROLLS OF NIDTH ..... [ 28 1 IKCH
Cur € 3 1 ROLLS OF WIDTH ..... [ 20 1 INCH
cur £o 1

ROLLS OF WIDTH ..... [ 15 1 INCH
WE SHOULD CUT [ 12 ) LARGE ROLLS USING THE ELADE POSITION OF COMBINATION

NUMBER [ 7 1

CUT [ ¢ ) ROLLS OF WIDTH ..... [ 28 1 IHCH
CUT [ 0 ) ROLLS OF WIDTH ..... [ 20 1 INCH
Cur [ 4 1 ROLLS OF WIDTH ..... [ 15 1 INCH

IF THE LOSSED TRIW IS EQUAL TD IERO THEN TOIAL AREA = 2820 INCH
T0TAL NET AREA TO BE CUT = 2740 INCH

TOTAL LOSSED TRIN =-60 INCH
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STANDARD WIDTH = BO INCH
WE REQUIRED [ 100 1 ROLL{S) OF WIDTH ..... [ 35 1 INCH
WE REQUIRED [ 130 ) ROLL(S) OF WIDTH ..... [ 20 1 INCH
WE REQUIRED [ 80 1 ROLL(S) OF WIDTH ..... [ 15 1 INCH
WE REQUIREDL [ BO 1 ROLL(S) DF WIDTH ..... [ 10 ) INCH
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STANDARD WIDTH = 90 INCH

WE, KEQUIRED [ 30 1 ROLL(S) OF WIDTH ..... [ 15 1 INCh
ME KEQUIRED [ 20 1 ROLL{S) OF WIDTH ..... [ 12 ) INCH

HE REBUIRED [ 50 1 ROLL(S) OF WIDTH ..... { 8 1 IKCH

THE FEASIBLE SOLUTION IS
WE SHOULD CUT [ 4 ) LARGE KOLLS USING THE BLALE FUSLTION UF COMBINATION

NUMBER [ 1 1

Cul [ & ] KOLLS OF WIDTH ..... [ 151 IncH
CUT [ 0 ) ROLLS OF WIDTH ..... {12 ) INCH
CUT [ 0 ] ROLLS OF WIDTH ..... [ 81 INCH

HE SHOULD CUT [ 4 ) LARGE ROLLS USING THE BLADE POSITION OF COMBINATION
NUMBER [ 8 1

Cur [ 2 ) ROLLS OF WIDTH ..... [ 151 INCH
Cur [ 3 1 ROLLS OF WIDTH .uv.. [ 12 1 INCH
CuT £ 0 1 ROLLS OF WIDTH ..... [ 8 ) INCH

KE SHOULD CUT [ 5 ] LARGE ROLLS USING THE BLALE POSITION OF CORBINATION
NUMBER [ 19 1

CUT [0 1 ROLLS OF WIDTH .uuuu [ 15 ) INCH
CUT [0 ] ROLLS OF WIDTH ..... [ 12 ) INCH
Cur [ 11 1 ROLLS OF WIDTH ..... [ 8 ) INCH

IF THE LOSSED TRIM IS EBUAL TO IERD THEN TOTAL AREA = 1099.091 LHCH
TOTAL NET AREA TO BECUT'= 1090 INCH

TOTAL LDSSED TRIN =-9.090909 INCH

CALCULATION TIHE = 00:01:24
e - 23 -
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THE GIVERN DATA 1395

STANDARD WIDTH = 100 INCH

WE REOUIRED [ 50 ) ROLL(S) OF WIDTH ..... £ 50 1 INCH
WE REQUIRED [ 120 1 ROLL(S) OF WIDTH ..... [ 25 1 INCH
WE REQUIRED [ 10 1 ROLL(S) OF WIDTH ..... [ 22 ) INCH
NE REQUIRED [ 40 1 ROLL(5) OF MIDTH ..... [ 81 INCH

30 ‘2 1 1 1 0 0 0 0 0 0 0
¢ 0 0 0 D

23 P 0 2 0 0 i 3 3 2 2 1 1
0 0 0 0 0

22 10 0 2 0 0 ! 0 2 0 3 0
L] 3 2 1 0

THE FEASIBLE SOLUTION IS

HE SHOULD CUT [ 25 ) LARGE ROLLS USING THE BLADE POSITION OF COMBINAIION

NUMBER [ 1 1

Cur [ 2 ) ROLLS OF WIDTH ..... [ 50 ] INCH

Cul [ 0 1 ROLLS OF WIDTH ..... [ 25 ) INCH

CUT € 0 1 ROLLS OF WIDTH ..... [ 22 1 INCH

Cur [0 1 ROLLS OF WIDTH ..... [ 8 1 INCH

HE SHOULD CUT [ 30 1 LARGE ROLLS USING THE BLAUE POSITION GF COMBINATION
NUMBER [ S5 1

Cur [0 ) ROLLS OF WIDTH ..... [ 50 1 IKCH

Cur € 4 1 ROLLS OF WIDTH ..... [ 25 1 INCH

Cur [ 0 ) ROLLS OF WIDTH ..... [ 22 1 INCH

Cul [ 0 1 ROLLS OF WIDTH ..... {81 IHCH

WE SHOULD CUT [ & 1 LARGE ROLLS USING THE BLALE POSITIGN OF COMBINATIOR
NUMBER [ 14 1]

CUT €O 1 ROLLS OF WIDTH ..... [ 50 1 INCH

CuT [ 0 ) ROLLS OF WIDIH ..... [ 23 ] INCH

CUT [ 2 1ROLLS OF WIDTH ..... [ 22 1 INCH

Cur €7 ) ROLLS OF WIDTH ..uo. [ B 1 INCH

WE SHOULD CUT [ ! ] LARGE ROLLS USING THE BLADE POSITION OF COMEINATION

IF THE LOS

SED TRIN IS EQUAL TO ZERD lﬂéﬂ TOTAL AREA = 6071.429 INCH

TOTAL HET AREA TO BE CUT = 4071.429 INCH

TOTAL LOSSED TRIN =-2.384186E-07 INCH
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"CUT [0 ) ROLLS OF WIDTH uuu O
[

==z= 22 SESSSSCSSSIESSIEIEE

CALCULATION TIHE = 00:01:43

THERE ARE MULTIFLE SOLUTIONS
THE FEASIBLE SOLUTION IS

WE SHOULD CUT [ 50 ) LAKGE ROLLS USING THE BLADE FOSITION OF COMBINATION
NUMBER [ 2 1
CUT L1 1 ROLLS OF WIDTH ..... [ 50 ) INCH
Cur €2 1 ROLLS OF WIDTH ..... [ 25 1 IKCH
22

1 INCH
CuT [ O 1 ROLLS OF WIDTH ..... [ 8 1 INCH
WE SHOULD CUT [ 5 ) LARGE KOLLS USING THE BLADE POSITION OF CONBINATION

NUMBER [ 5 1

CuT (O 1 ROLLS OF KIDIH ..... [ 50 ) INCH
CUT [ 4 ) ROLLS OF WIDTH ..... [ 251 INCH
CUT [ 0 1 ROLLS OF WIDTH ..... [ 22 1 INCH
CUT (0 1 ROLLS OF WIDTH ..... { 81 INCH

WE SHOULD CUT [ & ) LARGE ROLLS USING THE BLADE POSITION OF CJHBINATION

NUMBER [ 14 1

CUT € 0 1 ROLLS OF WIDTH ..... [ S0 ) INCH
CiT [ 0 ) ROLLS OF WIDTH ..... [ 25 1 IHCH
LUT [ 2 3 ROLLS OF WIDTH ..... [ 22 1 INCH

CUT [ 7 1 ROLLS OF WIGTH ..... [ 8 1 INCH

WE SHOULD CUT [ ! 1 LARGE ROLLS USING THE BLALE FOSITIGN OF COMBINATIUN
IF THE LOSSED TRIN IS EQUAL TO ZERQ THEN iDTAL AREA = 6071.429 [KCH
TOTAL NET AREA TO BE CUT =.5071.429 1HCH

TOTAL LOSSED TRIN =-2,384186E-07 INCH

CALCULATION TIME = 00:02:40

= 25 =

L e
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LI NEAR FROGRAQFIM L NG

STANDARD WIDTH = Zu  INCH
WE REQUIRED ( 300 J ROLLS OF WIDTH ... [ 9 1 INCH
WE REQUIRED [ 200 ) ROLLS OF WIDTH ... [ 7 } IKCH
WE KEQUIRED [ 150 1 ROLLS OF WIDTH ... [ 5 1 INCH

THE PROBLEN 15 TD MINIMIZE :

BT T TR R T o TR (R TR (N O R O o A 6T R
5 19

5.1
R I T R T o O T R LR R G T B T
0 X9 y300
(I O N & SRR T R i Y o TR S R (5L R 71 T i B
0 X9 »o 200
0l ) ey R AR R STy s ST 20Tk

! e Mo150

IERRERaeResRity]
BASIC SOLUTION |
BE1) =043 )=
15020 = X0 14) = 200
B3 ) =X015) = i50

CURRENT VALUE UF THE OBJ. FUNC. IS -550000
BASIC SOLUTION 2

1B 1) = X013 )= 300
1 2) =Xl 14) = 200
|3l =x6)="3.5

CURRENT VALUE OF THE 0BJ. FUNC. IS -500000
BASIC SOLUTION 3
XBC 1) = 20130 = 300
BC2) = X0A) = 100
XBE3 ) = X081 =125
CURRENT VALUE OF THE 0BJ. FUNC. 1S -300100
BASIC SOLUTION 4
BO1) =401 )= 150
XEC2) = X040 = 100
BO3) =x06) = 125
CURRENT VALUE OF THE 0BJ. FUNC. 1S -400
THE LAST BASIC FEASIBLE SOLUT. IS OPTIHAL
THE OPTINAL VALUE OF THE 0BJ. FUN. IS 400
TOTAL LUSSED TRIN = 400 INCH

I R |
n o

WE SHOULD CUT =

{ 150 1 LNRGE ROLLS/SLICES USING THE DLADE POSITION OF COMBINATION Ko. |
[ 100 ) LARGE ROLLS/SLICES USING THE BLADE FOSITION OF COMBINATION KO. L]

‘1 12.5 ) LARGE ROLLS/SUICES USING THE BLADE POSITION OF COMBINATION ND. &

CALCULATION TIHE = 00:00:32
N i

I8¢
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" STANDARD WILTH = 40 INCH

WE REQUIRED [ 40 ) ROLLS OF WIDTH ... [ 12 1 INCH
WE REQUIRED { 30 ) ROLLS OF WIDTH ... [ 10 1 INCH
WE KEQUIRED [ 50 1 ROLLS UF WIDTH ... € 7 ) IHCH

THE PROBLEX 15 TO WINIALZE @
PV T e ¢y L ol o T Ete AV ¢ DRy e sE i 370 s e (G
YRy oL SRR VT S eh W VS e b s 2 L 3+ 7 114

Selers

T e e B T e R S ST LR r D L R PRI G
ey B S B e W0 e el 7 R A S | ¥y 40

U Lt b IR S S (Ve B o L S SR it Ty R o
f 19 #0010 T2 pAloe 0T a2 e XA 14 o3

(o] (e o S AR T 20 RS S P i P Py D T T AT ey (o e 4 T
e I T 8 o [ T B R (1 (8 DU ) (51 b PN ST RS R | oS50

(ERERSRERRERARY)

bASIC SOLUTION 1
IBC 1) = X0 18) a0

I 2)=X1%) 30
L3 ) =X020) = 30
CURRENT VALUE OF THE 0BJ. FUNC. 1S -140000

(T |

BASIC SOLUTION 2

IBC 1) = X( 1B ) = AL3
mi2)=x019)= 30
BO3I)=x(51)= 123

CURRENT VALUE OF THE 0BJ. FUKC. IS -77500
BASIC SOLUTION 3
IBU1) = X0 18) = 40D
1Bi2)=06)= 15
B3V =25)= 125

CURRENT VALUE OF YHE UBJ. FUMC. IS -47500
BASIC SOLUTION 4

MBE 1) = X0 1) = 15.83333
BLz)=2ta)=.15
IBL3) =X(3) = 15

CURRENT YALUE DF THE 0BJ. FUMC. IS -63.33333
BASIC SOLUTION 3
ABC L) = X017 ) = 190
BL2r=061= 7.3
- ABL3Y =50 = 80
CURKENT VALUE OF IHE DBJ. FUNC. 15 0
THE LAST BASIC FEASIBLE SOLUT. 1S OPTINAL
THE DPTIMAL VALLE OF THE OBJ. FUN. 1§ 0
TOTAL LOSSED TRIN = 0 INCH

WE SHOULD CUT =

[ 196 ) LARGE ROLLS/SLACES USING THE BLADE POSETION OF COMBINATIGH NO. 17
[ 7.5 ) LARGE ROLLS/SLICES USING THE BLADE POSITION OF CUHBINATION Ko. &

[ 40 J LAKGE ROLLS/SLICES USING THE BLADE POSITION DF CONBINATIDN MO, 5

CALCIM ATIDN TIME = 00:00:38 =28 =
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STARDARD WIDTH = 40 - INCH
E REQUIRED [ 30 1 ROLLS OF WIDTH ... C 2B ) INCH
WE REQUIRED [ 60 1 ROLLS OF WIDTH ... [ 20 1 INCH
WE REQUIRED [ 48 1 ROLLS OF WIDTH ... [ 15 1 INCH

THE PROBLEM 1S TO WINIHIZE :
CXTHSIR T+ 2 33+ 0 28¢5 15 b v 017+ 20 &
838 207X 9" 15 Lkl0

1 BT :

230 #1K2 41 F3 40 X4 005 b L6 w00 ) w0 I8
0 X9 +0 X10 3 30

0L #1 12 40 53 #3 44 2 08 &1 Q9097 &0 8 ¢
0 X9 +#0 X 10 o 60

00X ) 0 K2 #2 X3 #0 2445305 X8 5¢457 49 18 ¢
019 €0 190 Mo

R TTTeIRaTLtetL

BASIC SOLUTION 1

BUL)=X(14)= 30
IB2) = X(15) = 40
B3 ) =X(16) = 48

CURRENT VALUE OF THE 0BJ. FUNC. IS -138000

BASIC SOLUTION 2

IBLL)Y=X(14)= 30
IBU2)=X(15)= 40
BU3)=x17)= 12

CURRENT VALUE OF THE OBJ. FUNC. IS -90000
BASIC S0LUTION 3

XBU1) =X(14) = 30
BO2)=X(41= 20
IBE3)=4170= 12

CURKERT VALUE OF THE OBJ. FUNC. IS -30000
BASIC SOLUTION 4
Bi1)=X01) 15
IBC2)=4(4)= 20
BO3)=X0(7)= 12
CURRENT VALUE OF THE OBJ. FUNC. 15 -40
THE LAST BASIC FEASIBLE SOLUT. 1S OPTIMAL
THE OPTIMAL VALUE OF THE OBJ. FUN. IS 60
TOTAL LOSSED TRIN = 60 INCH

(I R 1)

WE SHOULD CUT :

SRS EEECC=s=Es=ssz==zI=zz=Eszs=

[ 13 1 LARGE ROLLS/SLICES USING THE LLADE POSITION OF COMBINATION NO. !
( 20 ] LARGE ROLLS/SLICES USING THE BLADE POSITION OF COMDINATION NO. 4
[ 12 ) LARGE ROLLS/SLICES USING THE BLADE POSITION OF COMBINATION NO. 7

CALCULATION TIKE = 00:00:32
29
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THERE ARE MULTIPLE SOLUTIONS 3
THE FEASIBLE SULUTION IS

WE SHOULD CUT [ 3 1 LARGE ROLLS USING THE ELADE FOSITION OF COMBINATION

NUMBER [ 1. 3]

CUT [ 2 1 ROLLS OF WIDTH ..... [ 78 ] IHCH
CUT L0 1ROLLS OF WIDIH ..... [ 20 ] INCH
CUT €0 1 ROLLS OF WIDTH ..... [ 15 ) INCH

WE SHOULD CUT [ 20 ) LARGE ROLLS USING THE BLADE POSITION OF COMBINATION

NUMBER [ 4 3

CUT [0 ) ROLLS OF WIDTH ..... [ 28 ) IHCH
CUT €3 1 ROLLS OF WIDTH ..., [ 20 1 IHCH
CUT €0 ) ROLLS OF WIDTH ..... [ 15 ) IhCH

WE SHOULD CUT [ 24 ) LARGE ROLLS USING THE ELACE POSITION OF COMBINATION

NUMBER [ 3 1

CUT T 1 1 ROLLS OF WIDTH ..... [ 281 INY
CUi [0 ) ROLLS OF WIDTH ..... [20 ) It
CUT [ 2 1 ROLLS OF WIDH ..... [ 15 T

IF THE LOSSED TRIN IS EQUAL T0 IERD THEN TOTAL AKEA = 2820 INCH
TOTAL NET AREA TO BE CUT = 2740 INCH

TOTAL LOSSED TRIN =-40 INCH

:01:55

=30 =
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STANDARD WIDTH = 80 INCH
WE REQUIRED [ 100 ) ROLLS OF WIDTH ... [ 35 1 INCH
WE REQUIRED € 130 1 ROLLS OF WIDTH ... [ 20 ) INCH
WE KEQUIRED [ 80 1 ROLLS OF WIDIH ... 15 ) INCH
WE REQUIRED [ 80 ) ROLLS OF WIDTH ... [ 10 ] INCH

THE FROBLEW 1S TO WINIRIZE :

0 Y1+ 5 12# 0 X3485 S 440 LS St ih a2y 0 KBt
0 X Q& 00X 10% 0 debly 18 X% 0L SR SRS G - (15 # 5
116+ 0 X17¢ 0 118+ 35 X119+ 20 X 20¢ 15 x21 ¢ 10 ) 22
5.1. 8
2 00 -0l v I3 el B4 0 XESLURON 8 S0 X T £0- 2B ¢+
0F X9 0 110 20 X E £ 102:0 0. et 0tV a0l 1S # 0
108 #0 X 17T +1 Y 18C#:0 % 19%e 0 Y20l 00921 k0T 22

o100
0y 2 X2 0 Y3 +0 ¥4 #4 1O £ 00 3 17 £ 28 ¢
288 #1310 ¢1 4 €0 ¥ 1200 0 S0 X1 v 1A % 0
Jid #0017 +1 118 +0 119 0. 02 #0732 %0 Y2

o130
0 b1 v L2 #3 X3 #0904 #0d 00 e IR Antes0 L ] ¢ 2 18 %
0N ¢4 L1100 YUl #5 QU2 #ATL 130 3 I +2 1 1§ ¢ 1]
Y16 ¢0 X117 «1 X 1B ¢0 X119 ¢#0 Y20 +0 X21 ¢0 1} 22

X80
1 4 #0 42 #0 %3404 0S50 L ves 7 vl LA o+
X9 #0 Y10 #6 111 S0 1R 03 © IS0 »8 S 15 ¢4
116 +8 X117 ¢ 118 ¢0 X19 +0 X20 +0 X201 +0 )27

w80

RS RR RS RARRE AL
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= 100
IBC 2 =-X( 28 i = 130
ABO3)=X029) = 80
BO4) =030 = B

CURRENT VALUE OF THE UBJ. FUNC. IS -3?0000
BASIC Socution 2

IBE 1) = X027 = 100
602 ) =2028)= 130
BE3)Y=0029)= &
i4)=X0171= W

CUKRKENT VALUE OF THE 0BJ. FUMC. 1S -310000
BASIC SOLuTION 3

B L) = X027 ) = 100
B2} =40281= 110
Bi3)=2il0)= 20
IBL 4 =0012)= 10

CURKENT VALUE OF THE OBJ. FURC. IS -21000¢
BASIC SOLUTION 4
BOL)=Xi27)= 100
W2)=35)= 21.5
BLIVv=1010)= 20
IBCA)=X(17)= {0

LUHREHT VALUE OF THE OBJ. FUNC. 1S -100000
BASIC SOLUTION §

BBLI)=0i1)= 50
Bt 2)=0(5)= 215
B3 ) =X0100= 20
MC4)=3(171= 3.75

CURRENT VALUE UF THE DBJ. FUNC. IS o
THE LAST BASIC FEASIBLE SOLUT. 13- DFTIHAL
_ THE OFTIRAL VALUE OF THE 0BJ. FUN. 15 0
TOTAL LDSSED TRIN = 0 INCH

WE SHOULD CuUuT :

[ 30 1 LARGE ROLLS/SLICES USING THE BLADE POSITIGN OF CGRBINATION ND. 1
[ 27.5 1 LAKGE RﬂLLSISLICES_USIﬁB THE BLAOE POSITION OF COMBINATIUN HO. S
(20 1 LAKGE RULLS/SLICES USING THE BLADE POSITION OF COMBINATION ND. 10

[ 3.75 1 LARGE ROLLS/SLICES USING THE BLADE FOSITION OF COMGINATIGN NO. 17

CALCULATION TINE = 00:00:54

= DETT
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STANDAKD WILTH = 90 INCH

WE REUUIRED [ 30 ) ROLLS OF WIDTH ..., [ 15 3 INCH
WE REQUIRED [ 20 1 ROLLS OF WIDTH ... [ 12 ) INCH
¥E REQUIRED [ 50 ) ROLLS OF wIDTH ... [ 8 ) IKCH

THE PRUBLEK I5 TO WINIHIZE s

$e800a883800840
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WE SHOULD CUT :

BASIC SOLUTION 1

IO =X027)= 30
02)=X(281= 20
603 )=4029)= 50

CURRENT VALUE OF THE 0bJ. FUNC. IS -100000
BASIC SOLUTION 2

IR = X027 ) = 30
MBE2r=0028)= 20
16030 = X019 ) = 4.545455

CUKRENT VALUE CF THE 0BJ. FUNC. IS -5000%. 09
BASIC SOLUTION 3
BlI)=021)= 2
B(2)=x18)= 4
1603 ) = 5119 ) = 4505455

CURKENT VALUE OF THE 0BJ. FUNC. 1§ -2200%.0y
BASIC SOLUTION 4
BCL)=U01)=
B(2)=X(8)=
IBC3 ) = X(19) = 4545455

CURRENT VALUE OF THE 0BJ. FUNC. 1S -9.09996%

THE LAST BASIC FEASIBLE SOLUT. [§ OPYIMAL

THE OPTIMAL VALUE OF THE OBJ. FUN. 1S 9.09u963

TOTAL LOSSED TRIN = 9.090969 INCH

3. obtba?
4

[ 3.566b667 1 LARGE RDLLS}SLEEES USING THE BLADE POSITION OF COMBINATION ND. §
[ 4 ) LARGE ROLLS/SLICES USING THI: BLADE POSITION OF COMBINATION WD. B

[ 4.545455 1 LAKGE ROLLS/SLICES UMING THE BLADE POSITION UF COMBINATION NO. 19

CALCULATION TIKE = 00:09:30

=340 =
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STANDARD WILTH = 100  IWCH

WE REGUIRED [ 50 ) ROLL3 OF WIDIA ... L 50 ) INCH
WE REQUIKED [ 120 1 ROLLS OF WIDTH ... [ 251 IntH
WE REGUIRED € 10 ) KOLLS OF WIDTH ... { 22 1 INCH
WE REQUIRED ( 40 ) ROLLS OF WIDTH ... L 6 ) INCH

THE PROBLEM 1S TO WINIRWIZE :

O X1+ 0 X2+ 6 23+ 2 X4+ 0 15+ 3 Xavt 1 X7+ 5 28+
2 A9+ L0AGs 3 ¥k 4 A0 B0 0 M B L5 4

Lle ¢ G0 217+ 25 X 18+ 22 X179+ 8 220
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BASIC SOLUTION 1

IBL1)=2i25)= 50-
16029 =326 )= 13D
(R IR 187 B IR (1]
AEC A ) =i 2B = 0
CURRENT VALUE OF Vi€ Obd. FURC. 13 -Ziwo@d
BRIIC SOLULTIDN Z g
BO1 b =a125) = W
190 21 = 4 20 = 130
BC3 = Z7 ) 2 M
IBC 4 0 = A0 061 = 3.353353

CUKREAT YALge UF THE Gbd. FURC, 05 -189¢15.3
BASIC SULUTION 3

TR QR S I 1
WBl2r=M5)= W
) Gl e (D )
164 = 00161 = 3,538830

CURKENT VALUE OF THE Obd. FUNC. 1S -600i3.33
BRSIC SOLUTION 4

A0 1) =2 X025) = 50
B2 syt Soli= 30
PRI L bR
Wid)=Midat = I8

CURKEWT VALUE CF THE 0BJ. FUNC. IS -50022.5
' BASIC SOLUTION 3

We1)=501)= 2§
MWi2)=X3)= 30

BL 3 )= 12) = 4S5
Bid4) = xiled = 3.135

CURKENT VALUE OF THE OBJ. FUNC. 1o -22.%
BASIC SOLUTION &

iBll)=X1i= 25
IBE2)=Xt5)= 30
IBe3)=2014) = &
1By 4 7 = X( la ) = L4187

" CURHENT VALUE OF THE ObJ. FUNC. 1S -i.bb6088
BASIC SOLUTIOR 7

IOl =0l )= 23
ABL20IE S R T s Su
1B 3 = xi 14 ) = 5.714287
ABL ) = X023 0 = 1428370

CURRENT VALUE OF THE 08J. FunC. 1§ ©
OBJECT. FUNCT. IS WOT BOUNDED BY CONSTRS.

CALCULATION TIHE = 00:00:57

36 ==~
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