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ABSTRACT 

The licensees of a manufacturer of anodized aluminum panelling have 

to deliver their clients made to measure panelling in many different 

widths varying between 40 and 350 cm. The factory does not want to make 

all these sizes, but to confine itself to five or six standard segment 

sizes. These standards can. be varied between 40 and 60 cm. Panelling 

widths larger than 60 cm can be composed of the standard sizes. 

If it is allowed to compose different standard sizes to one demanded 

panelling width, there is a relatively small cutting loss. However, as 

colour differences occur between the batches, the licensees prefer to 

compose each aluminum panelling of the same standard size. Therefore the 

factory wanted to change the standard sizes, which cause high trim 

losses. The authors determined new standards with some favourable 

properties. 
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I. INTRODUCTION 

This research was carried out at the request of a manufacturer of 

anodized aluminum panelling, who wishes to remain anonymous in this 

report. 

The licensees of the manufacturer have to deliver their clients many 

different aluminum panellings varying in width between 40 and 350 cm. 

The length of the panelling is standard, not important in this paper. 

The factory produced six standard segment sizes, called standards, of 

35-40-45-50-55-60 cm. Each panelling between 40 and 350 cm had to be 

composed of these standards. Doing this overlaps of 2 cm are created as 

shown in Fig. 1.1. There are holes for the connecting parts centered on 

1 cm of both ends. 
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Fig. 1.1 Composing an anodized aluminum panelling. 

Only those panellings were delivered, which gave no cutting losses 

and were composed of at most two different standards which differed not 

more than 5 cm in width. This means that it was not possible to deliver 

each demanded panelling size between 40 and 350 cm (see App. I). Another 

disadvantage of this policy was caused by the manufacturing process: it 

is practically impossible to make two batches with exactly the same 

colour. So it is desirable to compose each panelling width of standards 

from one and the same batch, as otherwise colour differences occur. 

The factory was not quite happy with the situation just described. It 

was decided to advise the clients to use only one standard in composing 



STANDARD S12ES OF PANELLING 
101 

a panelling. As a consequence, however, only a very limited number of 

sizes could be composed. Therefore it was advised to compose other sizes 

by cutting. With this new policy the old standards caused quite large 

cutting losses, so we were asked to find more favourable standards. 

The definition of favourable in the last sentence changed somewhat 

during the consultation process. We will describe this process in its 

historical development in the next sections. 

2. A FIRST DESCRIPTION 

At first sight we were inclined to build a model in which the 

expectation of the total trim losses by all the clients was minimized. 

Very little, however, is known about the distribution function of the 

demand. Reasons are not only the many different colours and grades, but 

mainly the fact that the factory sells standards to the licensees and 

not final panellings. 

As a consequence the factory took the marketing point of view and 

wished to introduce such a set of standards, that in general each width 

between 40 and 350 cm can be composed with small trim losses. Then the 

advertising material could show for each of these widths, how small the 

trim losses are, and from which standard it should be composed. 

Concluding the company wished to adopt its policy to the following 

wishes: 

a. The licensees are able to deliver panelling widths in each whole 

number of cm between 40 and 350. 

b. Each panelling width should be composed of segments of one and the 

same standard size, 

c. Given a uniform demand, i.e., one panelling of each width in cm's 

between 40 and 350 is ordered, cutting losses should be minimum. 
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Alltogether it boiles down to the following problem description. 

I Given is a standard order set consisting of one (fixed length) 

ii specimen of each demanded panelling width between 40 and 350 cm. 

I I Determine 5, 6 or 7 standard segment sizes in cm's such that the 
i I 
i | overall cutting losses are minimal. 

Before constructing a mathematical model of this problem we make some 

observations which give rise to another criterion. 

Take a panelling width of 233 cm and the standards 35, 40, 45, 50, 

55, and 60 cm. The width 233 can be composed of 7 * standard 35, which 

gives 
245 - 6 * 2 (overlap) = 233 with no cutting loss (a) 

Another possibility is 4 * standard 60, which gives 

240 -3*2= 234 with cutting loss 1 cm. (b) 

The total losses - cutting loss and overlap loss - are 12 cm for (a) and 

7 cm for (b). So with (b) there is 5 cm less material needed. 

This leads us to the conclusion that we need apart from cutting 

losses another criterion: material needed, or equivalently, total loss. 

In fact we have to look at the following six quantities which can all 

be different (see robustness in panelling width. Table 6.3). 

criterion cutting loss criterion material needed 

cutting loss cutting loss 

overlap loss overlap loss 

total loss total loss 

Note that overlap loss with criterion material needed is always 

smaller than overlap loss with criterion cutting loss for otherwise 

total loss with criterion cutting loss'had been less than total loss 

with criterion material needed. 

If we maintain the standards 35, 40, 45, 50, 55 and 60, we have the 
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following losses (Table 2.1). 

Table 2.1 Losses with standards 35-40-45-50-55-60. 

criterion 

cutting loss 

overlap loss 

total loss 

cutting loss I 
-| 

2.39% 
i 

3.77% 

I 
6.17% | 

material needed 

2.91% 

3.19% 

6.09% 

The criterion material needed clearly is more relevant to the 

consumer than the criterion cutting loss. The factory had not been aware 

of the difference between them before, and in all advertising material 

only cutting losses were considered. It was decided not to change the 

criterion in the advertising, but in order to estimate all 

possibilities, to look at both models. Also it was remarked that in 

general people will choose a panelling with minimal material unless, at 

the cost of some more overlap, it is possible to have a pattern without 

cutting loss. 

In fact changing criteria caused for 104 out of 311 panelling widths 

a change of standard used. This indicates that the use of standards is 

quite sensitive to the criterion used. 

Another observation is that a small change in one of the standards 

gives rise to a great change in the proportions of standard segments 

needed for composing the standard order set (see Table 2.2). 

Table 2.2 Example 

s tandards 

numbers needed 

s tandards 

of change in 

40 43 46 

293 268 242 

40 43 46 

292 208 222 

standards 

49 52 [55] 

228 222 129 

49 52 [56] 

204 222 210 

cutting loss(/0 

2.31 

numbers needed 2.30 
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3. MATHEMATICAL MODELS 

3.1 Mixed integer linear programming 

The problem of minimizing licensees cutting losses can be described 

as a mixed integer linear programming problem. First we assume that the 

standards are continuous. 

We use indices 

i = panelling width (cm) : 40,...,350 , 

j = index of standard size : I,...,6 , 

k = number of standards needed for a panelling width : 1,...,10 

*) 

10 = 

350-2 

40-2 

and variables 

s = j-th standard size , 

x = {1 if panelling width i is composed of k times standard s 

i jk { J 
{0 otherwise , 

v = cutting loss with panelling i 

i 

The model is: 

minimize 

- •« 

subject to 

350 

i=40 i 

>40; s < s j=2,...,6; s <60 (1),(2),(3) 

i = j-i = j 6 = 

k.s - 2. (k-1) > i.x Vl,j,k (4) 
j = ijk 

6 10 

J” y- x = 1 V i (5) 

j=l ' k=l ijk 

) fal : smallest integer greater than or equal to a 
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v > k.s - 2.(k-I) - i - M.(l-x ) Vi.j.k (6) 
i - j ijk 

where M is a large integer 

X e {0,1} V1,j,k (7) 
ijk 

(l)i (2) and (3) give a ranking of the standards in increasing order; 

a ranking is not necessary, but limitates the number of alternatives. 

(4) quarantees that a panelling width can be composed of the used 

standards minus their overlap. (5) guarantees that each panelling width 

is made once. (6) is only operational if x =1. 
ijk 

If we want the standards with minimal material needed as a criterion 

we get: 
350 

i=40 i 

subject to (1), (2), (3}, (4), (5), (7), and 

y > k.s - M.(1—x ) V i (8) 
i “ j ijk 

3.2 P-median location version 

In the real situation it is sufficient to look for the standards in 

an integer number of cm's. 

The indices used are the following: 

i = panelling width , i=40,...,350 

j = standard segment size , j=40,...,60 

The cutting loss c is calculated in the following way 

ij 

i-2 

j-2 
the number of standard j needed for panelling i 

. j = material needed for panelling i 
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c = i-• . (j“2) + 2 - i : cutting loss of standard j if used 

ij I j-2 I- 
for panelling i 

We used the following variables : 

x = { 1 If panelling l is composed of standard j , 

ij ( 
{ 0 otherwise . 

z = { 1 if standard j is used , 

j { 
{ 0 otherwise . 

The model is : 

mlnimize 

350 60 

nzic -x 

60 

subject to ^ x = 1 , Vi (1) 
j=40 ij 

x<z,Vi,j (2) 
i j = j 

60 

z = 6 , (3) 
j=40 j 

x ,z > 0 and integer , ^i,j (^),(5) 

ij j = 

(1) guarantees that each panelling is composed of one standard. (2) 

causes z to be 1 if x =1. (3) indicates that we used six standards. 

j i j 
If the material needed has to be minimized, the objective function 

will be replaced by 350 60 

.x . 
i-40 j^AO ij ij 

These models can be interpreted as P-median location problems in the 

following way. 

Suppose that the standards are presented by warehouses and the 

panellings by customers. If each customer is supplied by one warehouse, 
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we have a 6-median problem [Hansen, 1974] (see Fig. 3.1.). 

Fig. 3.1 Determining the standards as a P-median location problem (P=6). 

4. ALGORITHMS 

4.1 Heuristic 

First we tried a greedy algorithm descibed by Hansen [1974], called 

Babel, followed by an algorithm of Teitz 4 Bart [1968]. 

In the Babel algorithm one starts with using only that standard size, 

which gives the smallest cutting losses, and then successively adds 

those standards which result in maximal reductions of cutting losses 

until the wanted number of standard sizes is reached. After that, 

following Teitz and Bart one cries to improve the solution in a number 

of steps, in each of which one used size is exchanged with an unused 

size as long as the cutting losses decrease. 

We found the standards of 41-43-45-48-52-58 cm with a cutting loss of 

2.17%. 
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The main disadvantage of this heuristic approach was that we were not 

only interested in one optimal solution, but also in a set of suboptimal 

solutions in order to choose from them a solution that had other 

favourable properties. 

4.2 Exact 

We used in principle complete enumeration for determining the most 

favourable standards. 

(2l) , , The total number of possible standards is: , = 54,264 . 

I 6j 
If we want to know the six optimal ones with respect to cutting loss 

within a CPU-time of 10 min. ,we have to check per second 

54,264 
- 2=5 90 possibilities. 
600 

We can attain this number by using the following reductions while 

looking at one combination of standards. 

Let's take the standards 35-40-45-50-55-60. The minimal cutting loss 

standard of which, for example, the panelling width of 79 cm is 

composed, can be determined in the following way. 

a) determine for each standard j which number is needed for panelling 

79 : 

k 
TJ - T-! 

j - 2 I 

b) that standard will be choosen for which k.j - 2(k-l) - 79 is 

minimum. 

This will be reached for j*45 and k=2 . The cutting loss is 9 cm. 

Panelling 80 has the same solution - minimum according to b) gives the 

same standard - with cutting loss 8 cm. Upto panelling 88 (79+9) 

everything is known. With panelling 89 the procedures a) and b) have to 

be repeated. 
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As this explicit enumeration method was feasible and gave rather 

satisfying results, we did not try to obtain solutions to the mixed 

integer model, described in section 3.1. 

5. COMPARING DIFFERENT NUMBERS OF STANDARDS 

In this section we compare results with 5, 6 and 7 standards. First 

we look, at the criterion minimal cutting loss under uniform demand. 

Table 5.1 Optimal standards with min cutting loss under uniform demand 

5 standards : 41 43 45 
6 standards : 40 42 44 
7 standards : 40 42 44 
present used standards: 35 40 45 

48 
46 
47 
50 

cutting loss(%) 
58 | 2.61 
49 56 ! 2.15 
49 54 60| 1.82 
55 60 | 2.39 

The present used standards are clearly not the optimal ones. The 

heuristic solution of 4.1 is not optimal too. 

We also investigated the effect of replacing the uniform demand 

distribution by the distribution of Table 5.2, which was suggested by 

the factory. 

Table 5.2 Weighted demand 

panelling I demand(Z) I material(X) 

40 - 79 
80 - 119 

120 - 179 
180 - 259 
260 - 350 

18 I 5.06 
35 I 16.45 
25 I 26.48 
17 | 35.77 
5 I 16.23 

According to the criterion minimal cutting loss and weighted demand, 

we have the solution of Table 5.3 . 
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Table 5.3 Optimal standards with minimal cutting loss and weighted demand 

5 standards : 41 45 
6 standards : 41 43 
7 standards : 40 42 
present used standards: 35 40 

48 51 
45 48 
44 47 
45 50 

58 
52 
51 
55 

cutting loss(%) 
3.21 

58 | 2.61 
57 60| 2.37 
60 1 2.82 

Although other standards were obtained, this solution did not give much 

new insights. 

6. ANOTHER CONSIDEIiATION 

Another important factor are the costs for the licensees, caused by the 

quantities they have in stock. So with equal cutting losses they would 

prefer to have 5 over 6 standards in stock. This is the more important as 

they want to have stock of standard panellings in a lot of different colours 

and grades. 

In case of uniform demand 5 standards cause 15 % less material in stock 

than the present used standards as can be concluded from Table 6.1. 

Table 6.1 Material in stock with uniform demand; one piece per standard. 

2 
5 standards 41 45 48 51 58 : 243 m 

2 
present used standards 35 40 45 50 55 60 : 285 m 

Looking at these figures we decided, in consultation with the firm, to 

look for an optimal set of 5 standards. 

The best 10 alternatives of 5 standards with respect to minimal cutting 

loss are presented in Table 6.2 . 
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Table 6.2 Top-10 of 5 standards 

standard 

40 42 44 47 
40 42 44 47 
40 42 44 47 
40 42 44 49 
40 43 45 48 
40 43 48 • 54 
40 44 46 49 
41 43 45 48 

* 41 43 45 48 
41 45 48 51 

cutting loss(%) 

56 
57 
60 
60 
54 
60 
56 
55 
58 
58 

2.67 
2.63 
2.66 
2.65 
2.67 
2.65 
2.64 
2.67 
2.61 * 
2.65' 

We also looked at standards on 0.5 cm, but that gave no improvement. 

We tried to get some insight in the sensitivity of the results to 

changes by varying the range of possible widths in the demand. Only the 

top-10 of Table 6.2 were considered. In accordance with section 2 we 

investigated the losses both from the viewpoint of a cutting loss and of 

a minimal material minimizer (see Table 6.3). 

Table 6.3 Robustness in panelling width of top-10. 

! criterion cutting loss 

panelling width standards 

criterion min. 

standard 

100 - 350 
min cutting loss 
min overlap 
min total loss 

41 
41 
41 

43 
45 
45 

45 
48 
48 

48 
51 
51 

58 
58 
58 

41 43 45 
40 43 48 
41 45 48 

40 - 300 
min cutting loss 
min overlap 
min total loss 

40 42 44 47 57 
41 45 48 51 58 
41 45 48 51 58 

40 42 44 
40 43 48 
41 45 48 

40 - 400 
min cutting loss 
min overlap 
min total loss 

40 42 44 47 57 
41 45 48 51 58 
41 45 48 51 58 

40 42 44 
40 43 48 
41 45 48 

40 - 350 
min cutting loss 
min overlap 
min total loss 

41 43 45 48 58 
41 45 48 51 58 
41 45 48 51 58 

41 43 45 
40 43 48 
41 45 48 

ma terial 

s 

48 58 
54 60 
51 58 

47 57 
54 60 
51 58 

47 57 
54 60 
51 58 

48 58 
54 60 
51 58 

Clearly the standards 41-45-48-51-58 are the most robust ones with 
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respect to the six quantities described in section 2 and nearly optimal with 

respect to both cutting loss and material needed. 

7. TRIM LOSSES IN FACTORY 

After having obtained the results described in the last section, we found 

out that in the existing situation there were nearly no trim losses, but 

Chat the inventory of the factory showed a great surplus of the standard 35 

cm. As a matter of fact this surplus could be seen as a loss for the factory 

itself. The standards are cut from a 150 cm wide and 4000 cm long master 

segment. Therefore we calculated the firm's trim losses due to the cutting 

of the master segment of 150 cm width into the number of standards demanded 

with uniform and weighted demand for the best four sets of standards with 

respect to the licensees cutting losses. As criterion we took the minimal 

number of master segments. 

These problems were solved with the well-known LP-column generation 

technique described by Gilmore & Gomory [1963, 1966]. The results are shown 

in Table 7.1 . 

Table 7.1 

standards 

40 42 

40 44 

41 43 

41 45 

Evaluation of four sets of standards. 

cutting loss (%) I| trim loss (%) 

uniform 

2.63 

2.64 

weighted 

3.41 

3.27 

3.39 

I uniform 
|- 

11.85 

8.97 

10.55 

weighted 

11.25 

8.77 

9.26 

44 47 57 

46 49 56 

45 48 58 

48 51 58 

2.61 

2.65 3.23 
1 1 
1 1 5.83 

1 

1 
1 

1 
5.23 

The standards 41-45-48-51-58 are optimal in three of the four cases. 
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8. CONCLUSION 

Considering the outcoras the firm decided to accept as new standards 

41-45-48-51-58. Table 6.1 shows that these standards lower considerably the 

stocks with the licensees. From table 7.1 it can be seen that the cutting 

losses for the licensees are reasonable low and the trim losses of the firm 

are minimal. 

The 5 new standards are accepted now and licensees can find minimal 

cutting loss patterns according to the list as presented in appendix II. 

After a year of experience with the new standards the financial results of 

the firm are strongly improved. 
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APPENDIX I OLD STANDARDS 

SEGMENTEN VEROSOL / SEGMENTS / SCGMENTE 

35 

40 

45 

50 

55 

60 

68 

73 
78 

83 

88 

93 

98 

101 

103 

106 

108 

ill 

113 

116 

118 

121 

126 

131 

134 

136 

139 

l41 

144 

l46 

149 

151 

154 

156 

159 

161 

164 

166 

35 

40 

45 

50 

55 

60 

35 + 35 

35 + 40 

40 + 40 

40 + 45 

45 + 45 

45 + 50 

50 + 50 

35 + 35 + 35 
50 + 55 

35 + 40 + 35 

55 + 55 

40 + 35 + 40 

55 + 60 

40 + 40 + 40 

60 + 6o 

40 +45+40 

45 + 40 + 45 

45 + 45 + 45 

35 + 35 + 35 + 35 

45 + 50 + 45 

35 + 35 + 35 + 40 

50 + 45 + 50 

35 + 40 + 40 + 35 

50 + 50 + 50 

35 + 40 + 40 + 40 

50 + 55 + 50 

40 + 40 + 40 + 40 

55 + 50 + 55 

40 + 40 +40+45 

55 + 55 + 55 

40 + 45 + 45 + 40 
55 + 60 + 55 
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APPENDIX II NEW STANDARDS 
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