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Optimizacija postopka razreza materiala

Optimization of the Cutting-Stock Process

Peter Trkman - Miro Gradisar

V prispevku je v obliki celostevilskega linearnega modela predstavijena resitev problema zmanjsanja
stroskov enorazseznega razreza materiala v primerih, ko material, ki je trenutno na voljo v skladiscu, ne
zadostuje za pokritje vseh narocil in se moramo odlociti, katerim bomo dali prednost ter kaksen bo nacrt
razreza. Pri tem je upostevana tudi obseg zalog v skladiscu kot pomemben dejavnik, ki vpliva na stroske
skladiscenja ter na oportunitetne stroske zaradi neizpolnitve narocil. Uporaba modela je prikazana na
prakticnem primeru.
© 2003 Strojniski vestnik. Vse pravice pridrzane.

(Klju¢ne besede: razrez materialov, optimiranje razreza, razrez enodimenzinalni, odlo¢anje veckriterialno)

In this paper we deal with the problem of cost minimization in the General One-Dimensional Cutting
Stock Problem in cases where the available material is not sufficient to satisfy the total demand. The decision
about which order lengths will be cut and what will the cutting plan be, has to be made. The level of stock in
the warehouse is taken into consideration as an important factor that affects the total inventory costs as well
as the opportunity costs due to the nonfulfilment of the total order. The use of the model is demonstrated with

a practical example.

© 2003 Journal of Mechanical Engineering. All rights reserved.
(Keywords: material cutting, cutting-optimization, one dimensional cutting, multicriterial decision-making)

0UVOD

Problem enorazseznega razreza se pojavlja v
Stevilnih industrijskih postopkih, pri katerih je treba
razpoloZljivi material v daljsih kosih, na primer kovinske
palice, Zico, zvitke papirja itn., najprej razrezati na krajse
kose, ki so potrebni v proizvodnji ali za prodajo. Cilji, ki
jih pri tem skusamo doseci, so razli¢ni, obi¢ajno pa je
eden pomembnejsih zmanjsanje v splosnem nezelenega
ostanka, ki pomeni izgubo materiala.

Z razli¢nimi oblikami tega problema v razli¢nih
vejah industrije se je v zadnjih letih ukvarjalo precej
raziskovalcev, ki so razvili razli¢ne postopke za
optimizacijorazreza ([ 1], [3]do [5], [9]in[11]). Med ¢lanki,
ki opisujejo to podrocje, nismo nasli nobenega, ki bi
poleg stroskov izgube materiala obravnaval tudi druge
dejavnike v primerih, ko razpolozljivi material v skladiscu
ne zadostuje za izpolnitev vseh trenutnih narocil.

V praksi se mora namre¢ podjetje obi¢ajno
odlociti, kako visoko raven zalog v skladiscu zeli imeti.
Visoka raven zalog povecuje stroske, povezane z
zalogami, kakor so na primer stroski skladiscenja, stroski
vezanega kapitala v zalogah, pakiranje zalog, mogoce
okvare, kraje, stroski zavarovanja in podobno. Po drugi

O0INTRODUCTION

The one-dimensional cutting-stock problem
appears in various industrial processes where it is
needed to cut the available material, e. g. metal ingots,
wire, paper rolls, etc., into smaller pieces, which are
needed in production or for sale. The objectives of
this process vary, but usually the reduction of
unwanted leftover, i.e. trim loss, is one of the most
important goals.

In recent years, many researchers have
explored this problem in different areas. Various
methods for cutting optimization were developed
([1], [3] to [5], [9] and [11]). However, none of
these papers includes other factors in cases where
the available material in the warehouse is not
sufficient for the fulfillment of all the current
orders.

In reality, the company usually has to choose
the inventory level in the warehouse. A high level
increases the inventory-related costs, such as
warchousing costs, capital costs, packing costs,
possible damages, theft, insurance and similar costs.
On the other hand, higher stock levels decrease the
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strani pa vi§ja raven zalog zmanjSuje verjetnost, da v
dolocenem obdobju nekaterih narocil ne bomo mogli
sproti izpolnjevati in da bo moralo podjetje nositi s tem
povezane stroske. Tudi v primerih, ko je materiala dovolj,
vi§ja raven zalog poveca verjetnost, da bo mogoce najti
nacrt razreza z majhno izgubo, saj imamo tako na voljo
vecje Stevilo kombinacij pri pripravi nacrta razreza.

Cilj podjetja je seveda zmanjsati celotne
stroske, povezane z zalogami in razrezom. Poiskati
moramo torej taksno raven zalog, ki bo privedla do
najmanjse vsote stroskov drzanja zalog, stroskov
razreza (predvsem je tu misljena izguba materiala) ter
stroskov zaradi neizpolnitve naro¢il.

V nadaljevanju se ukvarjamo predvsem s
primerom, ko material na zalogi ne zados¢a za izpolnitev
vseh naro€il. Do takega primera lahko pride zaradi moten;
v preskrbi z materialom ali pa zato, ker namenoma
vzdrzujemo zalogo konkurenénih narocil, da bi bolje
izkoristili material, ki sicer dolgorocno priteka v zadostnih
koli¢inah. Model, ki je predstavljen v nadaljevanju,
omogoca, da pri odlocitvi, katerim naroc¢ilom bomo dali
prednost, uposStevamo stroske zalog, izgubo materiala
pri razrezu in ¢as ¢akanja na izpolnitev.

Sestava tega prispevka je naslednja: v prvem
poglavju je najprej opisan problem. Za ta problem v
drugem poglavju predstavimo resitev, ki jo nato
prikazemo na prakti¢nem primeru.

1 PREDSTAVITEV PROBLEMA

V primerih s premalo materiala je jasno, da bodo
nekatera narocila ostala neizpolnjena. V [6], ki
obravnava podoben problem, je edini cilj ¢im manjSa
izguba materiala ne glede na to, katera narocila ostanejo
neizpolnjena. V naSem primeru pa predpostavljamo,
da so nekatera narocila pomembnejsa od preostalih in
bi njihova morebitna neizpolnitev za podjetje pomenila
vedji stroSek. Poleg tega upostevamo Se, koliko Casa
posamezno narocilo ¢aka na izvedbo. S tem prepre¢imo,
dabi v primeru stalnega pomanjkanja materiala narocila
z manjSo prednostjo ¢akala na razrez neskoncno dolgo.
Menimo, da so te predpostavke realne v marsikaterem
prakticnem primeru. Pri reSevanju problema razreza
bomo torej upostevali tri sodila: ostanek, pomembnost
narocila in ¢as izpolnitve.

Resitev bomo iskali podobno naéin kakor v [10]
kjer se zmanjsajo le stroski razreza. V nasem primeru pa
zmanjSamo skupne oportunitetne stroske. Za vsako
dolzino narocila ocenimo, kaksne prigodnostne
stroske povzro€i neizpolnitev posameznega kosa tega
narocila. Skupni prigodnostni stroski so vsota
stroskov neizpolnjenih narocil posameznih dolzin.

2MODEL
Predpostavljamo, da so v skladi$¢u palice

razli¢nih dolzin, tudi zato, ker se palice, ki jih ne razrezemo
do konca, viejo v skladisce. Zaradi razli¢nih dolzin palic
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chance that some orders will not be met on time and
the costs associated with this. Even in cases with
sufficient material, a higher level of stock increases
the chance that it will be possible to find a cutting-
stock plan with a low trim loss as a result of the larger
number of possible combinations when preparing the
cutting-stock plan.

The goal of the company is to minimize the
total costs connected with the inventory and the
cutting process. Therefore, we need to find a
stock level that will give us the minimum total
costs of holding, cutting and the nonfulfilment of
orders.

In this paper, we deal mainly with the case
where the available stock is not sufficient to satisfy
all the orders. This can happen due to a problem in
procurement or because we intentionally keep some
unfulfilled orders in order to better utilize the material,
since the level of incoming material is sufficient in
the long term. The presented model enables to take
inventory costs, trim loss in the cutting process, and
waiting time into account when deciding which orders
will receive preferential treatment.

The structure of the paper is as follows: In the
first section the problem is described. Next, the
solution to the problem is presented. Finally, the model
is used for a practical example.

1 PROBLEM DESCRIPTION

In the event of a lack of material it is clear
that some orders will be left unfulfilled. The only
goal in [6] that deals with a similar problem is to
minimize the total trim loss without taking into
account which orders are left unfulfilled. In our case
we assume that some orders are more important than
others, and that their nonfulfilment would lead to
higher costs. The time each order has already been
waiting for realization is also considered. This makes
sure that orders with a low priority are not waiting
for too long when there is a constant lack of material.
We believe that these assumptions are realistic in
many cases. Therefore, the following criteria will be
used: the trim loss, the priority of each order and
the waiting time.

The solving approach will be similar to that in
[10], where only the cutting costs are minimized. In
our case the total opportunity costs are minimized.
The opportunity costs for the nonfullfilment of each
order are estimated. The total opportunity costs are
the sum of all the unfulfilled orders of different order
lengths.

2MODEL
We assume that all the stock lengths are

different, partly because the stock lengths that are
not cut to the end are returned to the stock. Therefore,
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ni mogoc postopek na podlagi vzorcev [2], zato opisani
problem resimo z uporabo celostevilskega linearnega
programiranja oziroma z metodo razveji in omeji.

Zaradi NP-polnosti problema razreza ta metoda
ni primerna za vecje probleme, saj Cas reSevanja naras¢a
eskponentno z naras¢anjem velikosti problema;
najvecja velikost problema, ki jo Se lahko reSimo
optimalno, je predstavljena v [7]. Ker pa v nasem
primeru problem razreza reSujemo sproti s prihajanjem
novih narocil, se celoten problem razdeli na ve¢ manjsih
delov. Vsakega od teh manjsih delov lahko resimo
optimalno z uporabo omenjenega postopka, saj
predpostavljamo, da velikost posameznega problema
ne presega meje, pri kateri je tak postopek Se ué¢inkovit.

Ker ni vseeno, katera narocila ostanejo
nenarezana, za kriterijsko funkcijo ne moremo
uporabiti :1:, d; , tako kakor v [6]. Zato uporabimo
funkcijo Z; A, *s, , pri cemer dolZino posameznega
narocila zamenjamo s prigodnostnimi stroski tega
narocila. Tako dobimo izraz:

a pattern-oriented approach [2] is not feasible and
the problem is solved with integer linear programming
(the branch & bound method).

Due to the NP completeness of this problem,
the method is not suitable for larger problems as the
solution time grows exponentially with the size of the
problem — the maximum size of the problem that can
be solved optimally is presented in [7]. Since the
cutting-stock problem is solved continually with new
orders, the whole problem is divided into smaller
parts. Each of these subproblems can be solved
optimally, since we assume that the size of the
subproblem does not exceed the limit where the
branch & bound approach is still effective.

Because it matters which order lengths are
left uncut, 2:215 ; cannot be used as the criterial
function as in [6]. Therefore, we use the modified
function ZMAI- *s; , where each order length is
replaced with the opportunity costs of that order. So
the following formula is used:

Z":Al. *oc, (D.
i=1

Prigodnostne stroske bomo takole izracunali:

The opportunity costs will be calculated with the
following formula:

oci:bi*(1+y*\/2)*(1+Z*Pi) ).

Obrazec (2) bi lahko zapisali tudi drugace,
odvisno od tega, kak§no pomembnost pripisujemo
posameznim dejavnikom, v nasem primeru prednosti in
Cakalnemu ¢asu posameznega narocila. Po potrebi bi
lahko v obrazec vkljucili tudi druge pomembne dejavnike.
Problem izrazimo z naslednjim modelom:

(1) min Z; A, *oc; (zmanjsaj Stevilo nenarezanih
kosov, utezeno s prigodnostnimi stroski)

s pogojem, da

) i; (s;*x;)<d, Vj (omejitve nahrbtnika)

3) z;":l x;+A, =b, Vi (omejitve povpraSevanja -
posamezne dolzine narocila ne smemo narezati
veé, kakor je povprasevanje po njej):

“4) X2 0, celosteviléni Vi, j
A;=0 Vi

Tako smo problem spremenili na obicajen
enokriterijski, ki ga lahko reSimo s poljubnim
reSevalnikom za celo$teviléno linearno programiranje.

Z obrazcem (2) smo popravili vrednost b, za faktor,
ki ga dolo¢imo na podlagi dosedanjega Casa Cakanja na
razrez in prednosti posameznega narocila. y in z sta faktorja,
ki dolocata relativno prednost pri razrezu in s katerima lahko
dolo¢amo, kaj je pri nacrtu razreza pomembneje (Cim manjsa
izguba, ¢im bolj$a izpolnitev narocil z dolgim ¢akalnim ¢asom
ali ¢im boljsa izpolnitev narocil z visoko prioriteto). Visja
vrednost teh utezi pomeni vecjo relativno pomembnost
tega faktorja. Seveda lahko dolo¢imo tudi y=z=0. V tem
primeru zmanjSujemo samo izgubo materiala.

Cas &akanja se v vsakem naslednjem obdobju

povecuje za 1, prigodnostni stroski pa se povecujejo s

Formula (2) can be written differently,
depending on the importance of different factors, in
our case the priority and the waiting time of each
order. Other relevant factors can be included in the
formula.

The problem is described with the following model:

(1) min Z; A, *oc; (minimize the number of uncut
order lengths weighted with opportunity costs)
subject to

) Zf=1 (s;*x;)<d, Vj (the knapsack constraint)

3) Zj’:l x,+A, =b, Vi (the demand constraint -
more pieces than demanded should not be
cut)

4 x;2 0, integer Vi, j
A;=0 Vi

Now our problem is transformed into the usual
one-criterial problem, which can be solved with a
solver for integer linear programming.

With formula (2), b, is corrected with a
multiplier that is calculated from the waiting time
and the priority of each order. y and z are factors
that determine the relative importance of those
factors (trim loss, waiting time, priority). A higher
value of each weight means a higher relative
importance of that factor. Obviously, we could
set y=z=0. In this case only the trim loss is
minimized.

The waiting time is increased by | in each
time period, while the opportunity costs increase with
the root of the waiting time. The priority can be
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korenom ¢asa cakanja. Prednost lahko dolo¢imo razsodno
na podlagi tega, kaksno Skodo bi podjetju povzrocila
neizpolnitev posameznega narocila. Ta Skoda je lahko
bodisi zastoj v nadaljnji proizvodnji zaradi pomanjkanja
materiala, izguba dobicka pri nadaljnji prodaji, kazen za
neizpolnitev narocila, doloCena v pogodbi, ali kaj drugega.

Prednost je vkljucena iz jasnih razlogov —
pomembna naroéila Zelimo izpolniti &im prej. Cas
¢akanja je dodan v enacbo zato, da v primeru stalnega
pomanjkanja materiala manj pomembna narocila na
izpolnitev ne bi ¢akala neskon¢no dolgo.

Seveda je v enacbi za izraCun prigodnostnih
stroskov vkljucena tudi dolzina narocila. S tem
zagotovimo, da model uposteva tudi izgubo materiala
kot enega od dejavnikov pri optimizaciji.

V tako opredeljeno enacbo lahko po potrebi
dodajamo tudi druge faktorje, ki vplivajo na to, da je
izpolnitev posameznega naroCila pomembnejsa od
preostalih, kot na primer, e bi zeleli prej izpolniti daljsa
narocila zaradi zmanjSanja izgub pri kasnejsih razrezih.
Seveda pa vsako povecanje obeh utezi ali vkljucitev
novih sodil v model povecuje izgubo materiala.

3RESITEV
Uporabo predlaganega modela razreza prikazimo

na prakticnem primeru. Resen je bil z uporabo programa
MPL/CPLEX naosebnem ra¢unalniku (AMD, 1300 MHz).
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determined arbitrarily, depending on the loss from
the nonfulfilment of each order for the company. This
loss can be a stoppage in production due to a lack of
material, a loss of sales, a fine for the nonfulfilment of
the contract or something else.

The reason for including priority in the
equation is clear — important orders should be
fulfilled as soon as possible. The waiting time is
added in order to prevent less important orders
waiting for too long in cases with a constant lack
of material.

Of course order length is also included in the
opportunity costs equation. With this it is guaranteed
that the trim loss is also considered as one of the
factors.

In this equation other factors that affect the
importance of each particular order can be added
when needed. For example, if we want to fulfill longer
orders earlier in order to decrease the trim loss in later
cutting-stock plans. Obviously each increase in
weights or the inclusion of new factors in the model
increases the final trim loss.

3 SOLUTION

The use of the proposed model is shown on a
practical example. It was solved with the MPL/CPLEX
program on a PC (AMD, 1300 MHz).

PODATKI O NAROCILIH / ORDER LENGTHS

m S, b,
1 144 22
2 194 11
3 249 29
4 157 37

n dj

1 2663
2 1805
3 2461
4 1963
1ZGUBA / TRIM LOSS

n t

1 7

2 1

3 1

4 0

REALIZACIJA /REALIZATION

m b, realizacija
1 22 20

2 11 1

3 29 0

4 37 37

PODATKI O PALICAH V ZALOGI /STOCK LENGTHS

t; b; oc;

2 1 266,6222
2 1 359,1994
0 1 323,7000
0 3 298,3000

10
29
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Sl. 1. Resitev problema enorazseznega razreza ob upoStevanju prigodnostnih stroskov v 1. obdobju
Fig. 1. Solution of the general one-dimensional cutting-stock problem in period 1 (taking opportunity
costs into account)
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Vrednost utezi y in z je 0,3, predstavljamo pa
razrez v dveh obdobjih, ko je bilo obakrat premalo
materiala. Vsi podatki o dolzinah palic, narocenih
dolzinah, potrebnem Stevilu le-teh, prednosti in
Cakalnem Casu posameznih naroéil so za 1. obdobje
predstavljeni na sliki 1, za 2. obdobje pa na sliki 2.

V drugem obdobju se ¢as ¢akanja pri narocilih,
ki so preostala iz prvega obdobja, poveca za 1. Pojavi
se novo naro€ilo 13 kosov dolzine 188 s prednostjo 2
in casom ¢akanja 0. Poleg tega v skladisce pridejo Se
nove dolzine palic (sl. 2).

Skupna izguba materiala je torej 27 cm (9 cm v
prvem ter 18 cm v drugem obdobju). Ce bi problem
reSevali brez upostevanja prigodnostnih stroskov, bi
prisli do izgube 0 cm, pri ¢emer bi v primerjavi s
predstavljenimi rezultati na slikah 1 in 2 narezali nekaj
ve¢ kosov narocila 3 in 5, zato pa bi slabse izpolnili
naro€ila 1 in predvsem 4 (slednje ima med vsemi
najvecjo prednost). Vidimo, da se je izguba materiala
povecala le za nekaj centimetrov, saj 27 cm pomeni
priblizno 0,16% celotnega materiala. To ni previsoka
cena za boljso izpolnitev preostalih dveh ciljev. S
povecanjem utezi y in z bi dosegli Se boljse
izpolnjevanje teh ciljev pri Se nekoliko vecji izgubi
materiala. Seveda bi lahko problem resili tudi s
povecéanjem ravni zalog, vendar bi to pomenilo veéje
stroske, povezane s skladiS¢enjem.

The weights y and z are set to 0.3. We show
the cutting-stock plans for two periods with a lack of
material in both periods. All the data about stock
lengths, order lengths, demand-per-each-order
length, priority and waiting time are shown in Fig. 1
(for period 1) and Fig. 2 (for period 2).

In the second period, the waiting time for orders
that were left from the previous period is increased by
1. There is a new order of 13 pieces of length 188 with
priority 2 and waiting time 0. In addition, new stock
lengths arrive in the warehouse (Fig. 2)

The total trim loss is therefore 27 cm (9 cm in the
first period and 18 cm in the second period). If the model
were to be solved without taking opportunity costs
into account, the total trim loss would be 0 cm, while (in
comparison with the results in fig. 1 and 2) more pieces
of order lengths 3 and 5 would be cut, while less pieces
of orders lengths 1, and especially 4 (with the highest
priority among all orders), would be manufactured. The
trim loss increased by only a few centimeters, as 27 cm
is approximately 0.16% of the available material. This is
not a too high price for the better fulfillment of other
goals. Those goals could be even better reached with
an increase in weights y and z, while the trim loss would
also increase. Obviously, the problem could be solved
with an increase in the inventory level. However, that
would also increase other inventory costs.

PODATKI O NAROCILIH / ORDER LENGTHS

m S, b,
1 144 2
2 194 10
3 249 29
5 188 13

dj

2518
1638
2019
1791

[ BN B NV I =]

IZGUBA / TRIM LOSS

[ BN B NV I =]
O O O O

REALIZACIJA /REALIZATION

m b. realizacija
1 2 2

2 10 10

3 29 20

5 13 4

PODATKI O PALICAH V ZALOGI /STOCK LENGTHS

t, b; oc;

3 1 284,4720
3 1 383,2470
1 1 420,8100
0 2 300,8000

O O O O >

Sl. 2. Resitev problema enorazseznega razreza ob upoStevanju prigodnostnih stroskov v 2. obdobju
Fig. 2. Solution of the general one-dimensional cutting-stock problem in period 2 (taking opportunity
costs into account)
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4RAZSIRITEV MODELA

Opisani model je mogoce tako razsiriti, da
upostevanje drugih dejavnikov ne gre na ra¢un
povecanja ostanka pri rezanju. Dostikrat obstaja ve¢
razli¢nih resitev istega problema, ki imajo enak ostanek
in so torej z vidika ostanka enakovredne. Brez
dodatnega sodila algoritem, po katerem deluje razveji
in omeji, sam izbere eno izmed njih. Z ustreznim
oblikovanjem modela lahko zagotovimo, da bo v
primeru obstoja ve¢ enakovrednih reSitev izbrana
tista, ki bolje zadovoljuje preostale cilje.

Ce zelimo zagotoviti, da se izguba ne bo
povecala, mora biti razlika med prigodnostnimi
stroski in dolzino posameznega narocila tako
majhna, da bodo preostali dejavniki upostevani le
pri izbiri med reSitvami z enako izgubo materiala.
Ta razlika mora biti torej tako majhna, da nobena
resitev A, ki ima vecji ostanek kakor resitev B, ne
bo imela boljse vrednosti nove kriterijske funkcije
od resitve B. Dodatni kriteriji se bodo tako uporabili
le, Ce bosta imeli obe resitvi enako izgubo. Veljati
mora:

4 MODEL EXPANSION

The described model can be expanded in such
a way that the consideration of other factors does not
increase the final trim loss. Often, different solutions
of the same problem exist that have the same trim loss
and are therefore equivalent when considering only
this factor. Without additional criteria the branch &
bound algorithm chose one of these solutions. With
appropriate changes it can be ensured that in those
cases with a more equivalent solution the model will
choose the solution that best fulfils the other goals.

If we want to ensure that the trim loss will not
increase in any case, the difference between the
opportunity costs and each order length has to be so
low that other criteria will only be taken into
consideration when deciding among the solutions with
equal trim loss. Therefore, this difference has to be so
small that no solution A with a higher trim loss than
solution B will have a lower value of the criterial function
than solution B. Additional criteria will, therefore, only
be used in the case where both solutions have the
same trim loss. The following statement must be true:

[i&m >i5j3j<:>(zn:Am*oci>Zn:AiB*oci] 3).
j=1 Jj=1 i=1 i=1

V izrazu (3) indeks 4 pomeni resitev A, indeks
B paresitev B.

Izpolnitev pogoja (3) najlazje dosezemo tako,
da faktorja y in z nastavimo tako nizko, da bo
veljalo:

In formula (3), index A represents solution A,
index B solution B.

The fulfillment of condition (3) can most easily
be ensured by setting y and z so low that the
following statement will hold:

i|(b,. —oc,.)*s[|<1 4.

S tem nobena resitev, ki uposteva le ostanek,
ni slabsa od kaksne druge, ki uposteva prigodnostne
stroske. Zaradi celostevilénih vrednosti bi morala
biti slabsa najmanj za 1. To pa bi bilo v nasprotju s
“).

S tem smo dosegli, da med resitvami z enako
izgubo materiala izberemo tisto, ki bolje izpolnjuje
dodatne pogoje. Prakti¢ni preizkusi so pokazali, da
tak postopek v vecini primerov privede do drugacne
resitve pri enaki izgubi materiala in nekoliko daljsem
CasureSevanja [8] kakor pri modelu brez prigodnostnih
stroskov.

5SKLEP

V prispevku smo prikazali resitev splosnega
problema enorazseznega razreza, pri katerem so palice
razli¢nih dolzin. Ce zaradi prenizke ravni zalog v skladiscu
koli¢ina razpoloZljivega materiala ne zados¢a za izpolnitev
vseh naro€il, potem je treba sprejeti odlocitev, katera
narocila bodo ostala neizpolnjena. Problem bi lahko resili
s povecanjem zalog, kar pa bi povecéalo druge stroske;
to povecanje pa bi preseglo prihranek stroskov zaradi
boljsega izpolnjevanja narocil.
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So no solution that only considers trim loss
can be worse than any other solution that also takes
opportunity costs into account. Due to integer values,
such a solution would be worse by at least 1. That
would be in direct contradiction with (4).

With this correction we achieved our goal:
between the solutions with equal trim loss the solution
that better fulfills other criteria is chosen. Practical
experiments showed that in most cases such an
approach leads to a different solution with the same
trim loss and slightly longer computation time than
the model without opportunity costs [8].

5 CONCLUSION

In this paper we described a solution to the
general one-dimensional cutting-stock problem, where
the stock lengths are different. If the available material is
not sufficient for the fulfillment of all orders, due to a
low inventory level, the decision has to be made which
orders will not be fulfilled. The problem could be solved
by an increase in the inventory level. However, that
would enlarge other costs — this enlargement would
exceed the savings due to better order fulfillment.
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Zato je v prispevku predstavljena metoda, ki
omogoca vkljucevanje razlicnih dejavnikov pri
sprejemanju odlocitve, katera narocila bodo ostala
neizpolnjena. Vpeljava prigodnostnih stroskov omogoca
preoblikovanje ve¢ kriterijev v enega, ki ga nato uporabimo
zareSitev problema z obicajnimi metodami.

Therefore, the method presented in the paper,
enables us to include various factors into the decision
about which orders will be left unfulfilled. The
introduction of opportunity costs enables the
transformation of several criteria into one that can be
used for the solution of the problem with usual methods.

6 SIMBOLI

6SYMBOLS
izguba pri posamezni palici
dolZina narocila

0; trim loss for each stock length

sl
Stevilo kosov posameznega narocila b;

a

m

order length

required number of pieces

stock length

number of different stock lengths

number of different order lengths

number of order lengths i to be cut from stock
length j

dolzina palice

Stevilo palic

Stevilo naro¢il n
Stevilo kosov dolZine i, ki jih odrezemo iz palicej  x;

Stevilo nenarezanih kosov 4;  number of unfulfilled order lengths
prigodnostni stroski oc; opportunity costs
prednost posameznega narocila p;  priority for each stock length
Cas gakanja t;  waiting time
utez za Cas Cakanja vy weight for waiting time
utez za prednost z  weigth for priority
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