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Abstract

Considering the cutting stock problem and lot sizing problem for tower transmission
industry, we present the new effective mathematical simulation for One-Dimensional
Cutting Stock Problem (1D-CSP) by applying heuristic approach. This approach works
within pre-defined trim except at the end of cutting process. The pre-defined trim is called
the sustainable trim which is based on average order lengths and given stock lengths. By
considering the constraints like space, manpower etc., the main objective of this study is
to minimize the trim loss. Powar et al. (One-Dimensional Cutting Stock Problem (1D-
CSP) with First Order Sustainable Trim: A Practical Approach, International Journal of
Computer Science Engineering and Information Technology Research (IJCSEITR), 3(3),
227-240, 2013) have been already designed a mathematical model in which cutting of at
most two order lengths is considered in the cutting plan in such a way that no third order
length can be cut before the cutting of two order lengths under consideration. In this
paper, we have modified this model and relaxed the condition of exclusive cutting of only
two order lengths. When out of two, only one order length is left to cut, we may club the
third order length for cutting process. In order to justify our modification, we have
discussed some numerical examples.
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1. Introduction

The cutting stock problem occurs mostly in production and planning of many
industries like tower transmission, paper, steel, aluminium, readymade garments,
woods and iron etc. (cf. [2], [3], [5], [8], [21], [26], [29]). When large items (stock
lengths) are being cut to get small items (order lengths), the following two main
problems arise (cf. [19]):

e To select proper number of pieces of stock lengths.

e Minimization of trim loss (scrap).

The combination of above two problems is called the Cutting Stock Problem
(CSP).

The Cutting Stock Problem (CSP) was introduced as an integer linear
programming problem (cf. [3]) initially, but many possibilities of cutting patterns
made the problem complex. For reducing the complexity of patterns, many
researchers have designed several algorithms (cf. [1], [5], [8], [17], [21], [26], [29]).
This problem was initiated by Kantarovich [20] in 1960 later Gilmore and Gomory
([12], [13]) developed the approach to solve the problem by using the column
generation approach. In this sequence of development, many researchers (Dyckoff
[10], Stadtler [24], Haessler and Vonderembse [18], Dikili and Barlas [9], Gradisar
et al. [15], Cui [6], Cui et al. [7], Vanderbeck [27], Wé&scher et al. [28]) entered into
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this field and contributed different formulations and approaches to solve this
problem.

A method for solving (1D-CSP) with usable leftover (CSPUL) has been presented
by Gradisar et al. [16] for the cases where the ratio between the average stock and
average order length is less than 3. Trkman et al. [25] described minimization of
trim loss problem and costs incurred for handling the leftover after the completion
of the cutting of required number of order lengths.

Mobashar and Ekici [22] have given new formulation for CSP by considering
additional issue like setup cost and developed two local search algorithms and
heuristic algorithm based on column generation. Using CSP, the routing problem for
vehicle involving time constraint and lot size problem which is designed to act in a
particular way considering setup time, Gondzio et al. [14] presented computational
experiments and discussed the column generation technique for primal—dual.

Garraffa et al. [11] studied a new generation of the (1D-CSP) by using the cut
losses dependent criterion on the cutting of items sequentially. Cui and Tang [7]
have presented a value correction approach for One Dimensional Multiple Stock
Size Cutting Stock Problem (1DMSSCSP) following the sequential steps. The
algorithm designed for generating pattern set for IDMSSCSP has been developed by
Cui et al. (cf. [4]).

Recently, the working space for the industries has been squeezed remarkably in
metropolitan cities as the industrial development is growing very fast globally. In
almost all industries where the cutting of smaller lengths from the longer stock
lengths of different dimensions is desired, maintenance of stock with different
lengths is a major problem. Sorting of sufficiently large number of order lengths
(approximately more than one thousand) after each stage of cutting and keeping
them in the form of heaps till the entire cutting process is over, is another complex
job carried over manually and is obviously space consuming.

Considering these issues, Power et al. [23] have designed a mathematical model
for 1D-CSP and developed the algorithm for the heuristic approach which resolves
these issues up-to some extent. As considered in [23], we also propose to cut not
more than two order lengths at one stage of cutting in our heuristic method with a
different approach; it takes care of space constraint and sorting problem. The cutting
process adopted in [23] has been designed in such a way that at one step of cutting
only two order lengths are cut and the process continues till the total required
number of pieces of the selected order lengths are cut.

In the present paper, we have introduced a modification in designing the cutting
plan, we have also considered the cutting of two order lengths at one stage of
cutting but in case when during the cutting process one type of order length is left to
cut, we shift it to the next set of remaining data instead of cutting alone. It is very
interesting to note that this modification in the cutting plan results minimum trim
loss up-to large extent, which is the major focus of 1D-CSP. Extracting the data
from KEC International, we have explored the comparative study of these two
approaches of cutting and concluded that this new method brings down the trim loss
from 0.05888% to 0.03105% for the Data Set-1 and from 0.2128% to 0.0065% for
Data Set-2 which is quite significant.

The rest of the contents of the article is organized as: the next section 2 covers pre-
requisites; section-3 contains the modeling of the problem; section-4 proposes Heuristic
approach; section-5 describes Numeric computation and the last section-6 concludes the
article.
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2. Pre-requisites

In this section, we introduce the notations and define the sustainable trim for
given set of data.

2.1. Notations

The lengths are considered as integers throughout the paper, if the lengths are not
integer values then all lengths can be converted into integers by multiplying them
with 10™, for suitable positive integer n. The notations are:

B(#)- Block of integers 1, 2, 3, ..., £,

o;- Order lengths, i=1, 2, 3, ..., n,

#.- Number of pieces of required order lengths o,

8;- Stock lengths, 7=1,2,3, ..., m.

2.2. Sustainable Trim by Using Average (cf. [23])

Considering order lengths with required number of pieces and stock lengths, we
define the average of order lengths as follows:
Pt Y Y ST
prt ot Pa i=1Pj

Next, we define
Ly = |8p —iL]
(£=1,2,..,m and i is an appropriate positive integer > 1, for which £, is
minimum)
where 84, 85, ..., 8,, are the stock lengths. We finally define
_ Zp=ale
ty = =k=1Zh (1)

m
which is the desired sustainable trim.

3. Mathematical Simulation of the Problem

In this section, we refer the mathematical model designed in [23] and modify it.
The modified version has been discussed in Mathematical Model (b).
3.2. Mathematical Model (a) by Power et al. [23]

Considering the order lengths ¢4, o5, ..., ¢, With corresponding required pieces
P1, P2, - Pn respectively, we define for 4 # 4, 4,7 € B(n),

Pi=napn + P, P; =Mt P (2)
Consider the combination of ¢; and o; as,
Yij = X105+ @105

by considering the appropriate values of 7, in such a way that the y}} satisfy the
following condition:

0<s,— y’/li;' = wf(say) <1t

for some value of » (+ = 1,2, ...,m). The value of n, is chosen in such a way
that w,. admits a minimum value of (s, — y}j) lying within the stipulated range 0
to .
Applying the same technique select a number n, for p;; and p;;satisfying the
following condition:
Pi1 = N2z + Pz, Pj1 =N+ P2 (3)
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Yi; = €poy + aj0;
0 < 84 — 9% = wy(say) < £,
for some value of w (w = 1,2,...,m). The value of n, is chosen in such a way
that <, admits a minimum value of (s, — %%;»') lying within the range 0 to ;.
Proceeding this way, we finally define

Piz—1 =Nz Qiz + Pig Pjz-1 = NzUjz + Pz (4)

This process will continue till either p,, = 0 or p;, = 0 and in view of (2) - (4),
we get the recurrence relations for p, and p; as follows:

Pi=Dh1 MpQip + Pigy Qg > Ay pir (5)
Pj= D1 MhOip + Pigr Qjp > Ajpiq (6)
Puz = Nz+1%uz+1 T Puz+1 (Wu,z+1 < 6u,z+1) (7)

where u=4orj . In order to minimize the wastage, the positive integers
Ny, Qip, Ajp MAy be chosen in accordance with the stock length.
Using the relations (5)-(7), we now define the combinations:

(-
Yij = Air 0+ A0y

y‘ﬁ+1 = Auz+1%uw (8)
%;Zt-'—z = Puz+1%uw 9

where y =4orjand » =1,2,..,3.
We define the sets of the combinations as follows:

Y=gy iy yi < 8 (10)
and Ui = (gl 9e 9820 < [sp — (9L /ye  1yEt2)] < £s (11)

r=1,2,..,%.

3.2. Proposed Mathematical Model (b)

Referring relations (5) and (6), let if possible p;; =0and p;, # 0= p; > p, .
Denote p; — p; = p; which is the number of pieces of order length ¢ is left to cut.
It is clear from Mathematical Model (a) (cf. relations (8) and (9)) that the cutting of
single order length ¢, is continued till the p; is exhausted.

Instead of cutting a single order length o, in our rectified version, we now
consider o; with p; along with the remaining set of data
01 0 ey 01, Oty oo s i1, Oy 1y o) Opy with  required number of pieces
P1 P21 Pjm10 Pjs1r = Pie1 Pis1r - Pn- HENCE, OUr NEW data is

01 0 ey Om1, 04y Ojats ooes 041, Oig1, s O — Order lengths

Pu P2 ...,ﬁj_l,p;,pﬁl, wor i1 Piv1r - Pn — Required number of pieces of
above respective order lengths

Applying the similar technique as described in Mathematical Model (a) up-to the step
(6), we continue the process until a single order length may be left to cut. In this case, we
follow the procedure described in (8) and (9) of Mathematical Model (a).

4. Heuristic Approach for Cutting

In this section, we have discussed cutting plans for mathematical model (a) and
mathematical model (b). We present the algorithms for:
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e The computation of sustainable trim,
¢ Mathematical model (a),
e Modified version of cutting plan for Mathematical Model (b).

4.1. Cutting Plan for Mathematical Model (a)

It has been noticed practically that with the preference of starting from the largest
order length to the smaller one, the cutting process has been executed in general as
the smaller order lengths left behind can be combined easily amongst them such that
one can get the minimum trim loss.

Cutting of ¢,:

Setting #~ = 1, we first consider ,,; € Y} for fixed =, and arbitrary ;7 and, choose
Ynj 8S:

Ynl = max o,

such that |y, | < s; for some 7 € B(m).

Now, there are sets y,},yg,yg, ... containing |¢, | which are associated with
8, 87, 8¢, .. and we choose the set y,% which corresponds to the smallest stock length
8,. Referring (11), we get

Ynj = Ap10n + aj0;  for € B(n).,.

Referring relation (2), it may be noted that n,.a,, pieces of o, and n,.a
pieces of o; may be considered to cut by cutting 7, bars of available stock s,. The
main objective of our cutting process is to finish first the cutting of ¢, and o;.
During this cutting procedure the following cases may occur:

Casel. Either(a) p, — 1., < Ay

or (b) p;—nia; <a;

or (c) (a) and (b) may hold together.
Referring relation (11), consider

Ynj = An20y + ajp0;  (fixed 7)

By the definition of Yy, corresponding to each yﬁygyg ... , the stock lengths
8y, 8¢, 8¢, ... Tespectively are being considered and ¢%; € Y3 or Y7 or Y¢ or.... We
select yg(say) corresponding to the smallest stock length .. Referring relation (3),
it may be noted that n,.a,, more pieces of ¢,, and n,.a;, more pieces of o; have
been cut from 7, bars of stock length ;. The process will continue till either p,, or
»; is completely exhausted i.e. either p,, or p; is of the form

Pn = Do MpQip, OF Py = X5 Mp Q.
Let if possible p,, = ¥5_, npa;, holds, then p; would be of the form
Pj=Lh=1"1%4 + Pjs (12)

Relation (12) shows that p;, more pieces of order length o, are left to cut. We

NOW express p;, as
Pjz = Ng11%zi1 t Pjize1 Pjze1 < Xjzr1)-
Referring the relation (8), we consider
’%;H = 03410

Now, Yt e Yt or Y or Yt or .. and corresponding to

each Y™, YZ*1, Yg*, .. the stock lengths s,,s;, 8¢, ... respectively are being
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considered. Now, we choose yg“ which corresponds the smallest stock length ;.

Referring (5) - (7), it may be noted that p, .., pieces of o; are remain to cut out
of p;. Considering p; .., in place of p;;, the process may be continued till (s, —
Pjz+00;) for some £ and 6 is positive (£ and 6 are positive integers). We next
choose the stock length s, such that 8, — p; 4905, is minimum. In view of
aforesaid, cutting of the order length o is completed.

Remark: At the last stage of cutting process, if p; ., pieces of order length o,
are left to cut but the difference s, — p; .90, €xceeds the bound £, of sustainable
trim, we are compel to cut it.

Case 2. Either (a) p, = n4.a,, or (b) p; = nia; or (c) both (a) and (b) hold
together. When (c) holds then cutting of order lengths ¢, and o; is exhausted by
cutting n, bars of the stock length s,,.

Considering order lengths ¢, and o;, we are now in a position to calculate the
trim loss % :

tr, = (‘Sn - %”iz;‘)nl + (5{ - ’yJi;)’nz +

Z
= Z(sf — g )+ (8 = Pize10y) 5 £=10, ..
7r=1
Thus, the cutting of o, and o; is totally exhausted. The rest of order lengths are
now arranged in ascending order o4, 0, ..., (say) with respect to their lengths.
We first consider

— 1
lyn| = eax Yn; 7 € BN )~y
such that |y, | < s, for some 7 € B(m).

Proceeding in a similar manner, we get

3
t’l’"z = Z ('5{ - y"ﬁ;)/n’% + ("St - py,z+10}) ; ‘g = T]’, {,1 e
r=1

The process is continued till the cutting of last order length is over. We now
define
T =%, +t., +
With reference to sustainable trim #;, the percentages of total trim lose may be
computed easily by counting the total length of stock used for cutting process.

Algorithm for sustainable trim

1 Insert » order lengths ¢;’s with required number of pieces p;’s
2 Arrange ¢;’s in ascending order w.r.t. their respective lengths
3 Insert 7 stock lengths s,’s

4 Arrange 8,’s in ascending order w.r.t. their respective lengths
5 Let L = Yit1(0u * pi)/ Yic1 P4

6 For£=1tom

7 Inti=1,Ly, =0

8 do

9 {i++;

10 Dki =38p — i*L

11 If Dy; <O

12 Lyi = (—1) x Dy,

13 Else

14 Lpi = Dy,
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End if (Line 11)

while (Lg; = Ly i41)
Let L/& = L/z,i

End For (Line 6)

Algorithm for cutting plan

O©CoO~NOUITE WN P

Insert order lengths ¢;’s with required number of pieces p;’s
Arrange ¢;’s in ascending order w.r.t. their respective lengths
Insert stock lengths 8, ’s
Arrange 8,’s in ascending order w.r.t. their respective lengths
Consider sustainable trim £
Fori=nto1l
For j=n—-1tol
If i+ 4
Let b = min{p;, p;}
Else goto Line 7
Forn,=1tob
Fora,; =110 p;
Fora,;=1top,
Let yi; = a;; * 0y + % 0y
For=1tom
Ifyi; <,
Else goto line 11
End If (Line 16)
If0 < s, —yi; <1,
Wl?l = minau,alj {5% - ’y’f%;}
Calculate p;y = p; —ny *x @y, pju = pj— N1 * Ajy
Else goto line 11
End If (Line 19)
End For (Line 13)
End For (Line 12)
Calculate w = min,, {w, '}
Letwy = nq xw]
End For (Line 11)
Recall Line 8 to Line 28
Continue p; = p;y and p; = pj;
Break If (p; =0o0rp; =0)or(p;=p; =0)
If p;=00rp; =0
Let Pu=piorp;
Continue p; =0and p; = p,
Recall Line 8 to Line 30
Else goto line 6 (by excluding old p; and p;)
Break If (conditions on Line 16 or Line 19 not hold)
Letp; = po
Forl =1to py
Vo =lxoy
For# =1tom
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42 Calculate t,; = 84 — y;
43 Let t! = ming{ty}
44 End For (Line 41)

45 Calculate t;, = min,{t}}
46 Letp; = p; —1

47 Break if p; =0

48 End For (Line 39)

49 End For (Line 7)

50 End For (Line 6)

4.2. Cutting Plan for Proposed Mathematical Model (b)

Under this plan of cutting, we follow the process as described in the
Mathematical Model (a) up-to the step (12). It may be noted that up-to this stage of
cutting the order length o;; and o-; were under consideration. Let all the pieces of o;
have been exhausted and p;, pieces of the order length o, are left to cut.

Instead of cutting order length o, separately as described in section 4.1, we club
it to the remaining data and tackle our problem with
01 O e Om1, Oy Ojits over 01, Oig1, -, O OFder lengths for which the number of

pieces to cut are P1,P2, ""39?'—1' W}z' 39;}'+1' o Pi-v Pit1r o P
The process is continued till at most one order length is left to cut and it would be
completely cut by the process described after (12) in Mathematical Model (a).

Algorithm for cutting plan

1 Insert » order lengths ¢;’s with required number of pieces p;’s
2 Arrange ¢;’s in ascending order w.r.t. their respective lengths
3 Insert m stock lengths s, ’s

4 Arrange 8,’s in ascending order w.r.t. their respective lengths
5 Consider sustainable trim £,

6 Fori=nto1l

7 For j=n—-1tol

8 If i+ 4

9 Let b = min{p;, p;}

10 Else goto Line 6

11 Forn,=1tob

12 For a.; = 1to p;

13 Fora,;;=1top,

14 Let ’y-,%i :a¢1*0’¢+a71*0’7’

15 For#=1tom

16 Ifyi; <,

17 Else go to line 11

18 End If (Line 16)

19 If0 < s, —yi; <1,

20 W}:Ll = minau,a’l; {6 — ’y&;}

21 Calculate piy = p; — 11 * @iy, Pj1 = P; — N1 * Qjq
22 Else go to line 11

23 End If (Line 19)

24 End For (Line 13)

25 End For (Line 12)
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i n
Calculate w, = min,,, {w, '}

Let wy = nq * W/

End For (Line 11)
Continue p; = p;; and p; = pj;
Recall the process Line 8 to Line 28
Break If (p; =0o0r p; =0)or (p; =p; =0)
If pi=00r;7j=0
Let p, = p;or p;
Continue p; = p,, and for another value of p; goto line 6
Recall the process Line 6 to Line 28
Else goto line 5 (by excluding old p; and p;)
Break If (conditions on Line 16 or Line 19 not hold)
End For (Line 7)
Letp; = po
Forl =110 pg
yi =lxoy
For£=1tom
Calculate t,; = 85 — y;
Let t]l( = mink{tkl}
End For (Line 41)
Calculate t,, = min,{t}}
Let Pi=pPi — l
Break if p; =0
End For (Line 39)
End For (Line 6)

5. Numeric Computation

We consider the following sets of data for testing of algorithms and computation
of total trim loss as discussed in Section 4.
Consider the available stock for data set-1 and data set-2:

Table 1. Stock for Data Set-1 and Data Set-2

Stock lengths  Stock lengths |

700 1050
750 1100
800 1150
850 1200
900 1250
950 1300
1000
Data-1:

Table 2. Data Set-1

Order lengths Required pieces  Order lengths Required pieces

115 96 440 40
170 80 720 32
210 64 830 24
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Sustainable trim by using weighted means (t;) of Data-1 is 50.1130

e By using the algorithm of Mathematical Model (a), we have calculated the
total trim loss for Data set-1. Finally computed the total trim loss in
percentage which is given by

T, =0.05888 %

e Also, by using algorithm of Mathematical Model (b), we have calculated the
total trim loss for Data set-1. Finally computed the total trim loss in
percentage which is given by

T, =0.03105 %

Data-2:

Table 3. Data Set-2

Order lengths  Required Order lengths Required
310 40 640 23
660 16 750 24
800 13 400 47
890 36 230 32
550 39 460 21

Sustainable trim by using weighted means (t;) of Data-2 is 85.3854
¢ By using the algorithm of Mathematical Model (a), we have calculated the total trim
loss for Data set-2. Finally computed the total trim loss in percentage which is
given by
T, =0.2128 %
¢ Also, by using algorithm of Mathematical Model (b), we have calculated the total
trim loss for Data set-2. Finally computed the total trim loss in percentage which
is given by
T, = 0.0065 %

Table 4. Comparison of Two Approaches

Data Set Trim loss of model (a) Trim loss of model (b)
Data set-1 0.05888 % 0.03105 %
Data set-2 0.2128 % 0.0065 %

6. Conclusion

Mathematical Model (a) which was described in [23] has been designed in such a way
that it covers the constraints of space and minimization of manpower. The modified
Mathematical Model (b) described in the present paper detains the characterization of
Mathematical Model (a) with modification. It may be noted significantly that the modified
version of Mathematical Model reduces the trim loss up-to high extent.
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