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Abstract. This paper discusses the reasonable collocation of natural casings. Through the analysis and
research of the problems, the optimal model of the bundle number of assembled products is established. For
this multi-objective optimization problem, the finished products are sorted according to the length from long
to short, and then the method of hierarchical optimization algorithm is used to solve the problem. Finally, the
empirical analysis of the given actual data is carried out. It provides an important idea for the formulation of
the collocation scheme, and the solution of this problem can be extended to other aspects of production.

1 Introduction

The natural casings are the animal tissues which are dried
or salted on the preserved parts of the large intestine, small
intestine and esophagus of healthy livestock after special
processing.[1] According to different processing methods,
natural casings are divided into dry casings and salted
casings. The dried casings include dried pig casings, dried
sheep casings and dried cattle casings, and the main types
of'salted casings are basically the same as dry casings. The
casings are mainly used as coats for filling sausages, etc.
The production of natural casings is a traditional industry
in China, and its export volume occupies the first place in
the world. After cleaning and finishing, the casings are
divided into small sections with different lengths as raw
materials, and then enter the assembly process. The

traditional production method is that workers calculate the
length of raw materials while measuring them, and
assemble the raw materials into finished products (in
bundle) according to the specified number and total
length.[2]

Raw materials are divided into different grades
according to their length, and the difference between the
two grades is usually 0.5 meters. For example, 3-3.4
meters is calculated as 3 meters, 3.5-3.9 meters is
calculated as 3.5 meters, and the rest is calculated as such.
There are three specifications of common finished
products. Table 1 shows the minimum length, maximum
length, total length and total number of raw materials for
each specification of finished products. Here, the symbol
oo indicates that there is no upper limit, but in practice, the
length is less than 26 meters.

Table 1. The specifications of finished products

Specification Minimum length Maximum length Total number Total length
P (in meter) (in meter) (in bundle) (in meter)
I 3 6.5 20 89
11 7 13.5 8 89
11 14 o 5 89

In order to improve production efficiency, the
company plans to change the assembly process. On the
basis of measuring all raw materials and establishing a
raw material list, a collocation scheme will be established
according to the specifications of finished products, and
in this way, the workers only need to assemble the
finished products according to this scheme. Table 2 shows
the description of a batch of raw materials.

The company has the following specific requirements
for the collocation scheme:
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(1) For a given batch of raw materials, it is better
to match the scheme with more bundles of finished
products.

2) For the scheme with the same number of
finished bundles, if the bundles with the longer minimum
length are more, and the corresponding scheme is better.

3) In order to improve the utilization rate of raw
materials, the total length is allowed to have an error of +
0.5 meters, and the total number is allowed to be one
section less than the standard.

4 If there is surplus raw material corresponding
to a certain type, it can be degraded for use. For example,
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the raw materials with a length of 14 meters can be (5) In order to keep food fresh, it is required to
bundled with those with a length of 7-13.5 meters, and the produce a scheme within 30 minutes.[3]
finished products belong to the specification II.

Table 2. The description of a batch of raw materials

Length 3-34 3.5-3.9 4-4.4 45-4.9 5-5.4 5.5-5.9 6-6.4 6.5-6.9
Number 43 59 39 41 27 28 34 21
Length 7-74 7.5-7.9 8-8.4 8.5-8.9 9-9.4 9.5-9.9 10-10.4 10.5-10.9
Number 24 24 20 25 21 23 21 18
Length 11-11.4 11.5-11.9 12-12.4 12.5-12.9 13-134 13.5-13.9 14-14.4 14.5-14.9
Number 31 23 22 59 18 25 35 29
Length 15-15.4 15.5-15.9 16-16.4 16.5-16.9 17-17.4 17.5-17.9 18-18.4 18.5-18.9
Number 30 42 28 42 45 49 50 64
Length 19-19.4 19.5-19.9 20-20.4 20.5-20.9 21-21.4 215-21.9 22-22.4 22.5-22.9
Number 52 63 49 35 27 16 12 2
Length 23-234 23.5-23.9 24-24.4 24.5-24.9 25-254 25.5-25.9

Number 0 6 0 0 0 1

2 Problem analysis

Based on the analysis of the given data and requirements,
it is concluded that the problem can be transformed into a
dual objective optimization problem. The first goal is to
maximize the bundles of finished products, and the
second is when the number of bundles in two schemes is
the same, the scheme with the longer minimum length of
finished products is Dbetter. According to the
characteristics of practical problems, we can use
hierarchical algorithms to solve the problem. The whole
optimization scheme can be completed in three steps.
Firstly, the optimal collocation scheme for the raw
materials belonging to the third type is given, and the
remaining raw materials move down to the second type
before matching. Secondly, the optimal collocation
scheme for the raw materials belonging to the second type
is given, and the remaining raw materials move down to
the first type before matching. Finally, the raw materials
belonging to the first type are optimized and the
collocation scheme is given.[4]

For the optimized collocation of each type of raw
materials, its objectives and constraints are basically the
same. As long as the optimization model in one
specification is established, it can be translated to the
other specifications of optimization process.[5]

3 Model establishment

3.1 Symbol explanation
In order to establish the mathematical model, some
necessary symbols and their meanings are given first.

1) n represents the total number of raw materials
of a certain type.
2) m represents the number of each bundle in the

finished product of a certain specification.

3) [ represents the total length of each bundle of
finished products.

4) l; (i =1,2,-,n) represents the length of raw
materials.

5) y; (i=12,--,n), y; =1 indicates that the
ith bundle is put into raw material, otherwise, it is empty.

6) x; (=12,-,nj=12n) ,x;=1
indicates that the j-th raw material is put into the i-th
bundle, otherwise, it indicates that it is not put into the i-
th bundle.

3.2 Data preprocessing

There are three specifications of finished products.
According to the specification of finished products and
the description of raw materials, the raw materials are also
divided into three types. The calculated length of raw
materials after grading is as follows.



E3S Web of Conferences 189, 01007 (2020) https://doi.org/10.1051/e3sconf/202018901007

ASTFE 2020
Table 3. The calculated length of the first type of raw materials
lensth 1,..., | 44,..., | 1103,..., | 1142,..., | 1183,..., | 1210,..., | 1238,..., | 1272,...,
g 143 1102 1141 1182 1209 1237 1271 1292
meter 3 3.5 4 4.5 5 5.5 6 6.5
Table 4. The calculated length of the second type of raw materials
lensth 1,..., 125,..., | 149,..., | 169,..., | 194,..., | 1115,..., | 1138,..., | 1159,...,
g 124 148 168 193 1114 1137 1158 1176
meter 7 7.5 8 8.5 9 9.5 10 10.5
lenoth 1177,..., | 1208,..., | 1231,..., | 1253,..., | 1312,..., | 1330,...,
cng 1207 1230 1252 1311 1329 1354
meter 11 11.5 12 12.5 13 13.5
Table 5. The calculated length of the third type of raw materials
lensth 11,..., 136,..., 165,..., 195,..., | 1137,..., | 1165,..., | 1207,..., 1252,..., | 1301,..., | 1351,...,
cng 135 164 194 1136 1164 1206 1251 1300 1350 1414
meter 14 14.5 15 15.5 16 16.5 17 17.5 18 18.5
lensth 1415,..., | 1467,..., | 1530,..., | 1579,..., | 1614,..., | 1641,..., | L657,..., | L669,..., | 1671,..., 1677
g 1466 1529 1578 1613 1640 1656 L668 1670 1676
meter 19 19.5 20 20.5 21 21.5 22 22.5 235 25.5

This is a combinatorial optimization problem, the
mathematical representation of this optimization problem
is as follows.

n
min n—Zyl-

i=1
s.t. (1-05)y; <X lix;; <(+05)y; ieD={12-,n}

3.3 mathematical model

?zlxij=1 ]ED
m—1SZ?=1xUSm ]ED

?zlxij=1 ]ED

xj=1or0 i,jED
yi=1lor0 i€D

This optimization problem is NP-Completeness. At
present, only some heuristic algorithms are proposed for
the problem, but there is no algorithm that can find the
optimal solution in polynomial time. Most heuristic
algorithms are based on greedy methods and some simple
rules, such as next-fit heuristic (NF), first-fit heuristic
(FF), best-fit heuristic (BF). Garey and Johnson point out
that the result of simple heuristic algorithm can be no less
than (but not better than) the optimal solution multiplied
by a relatively small coefficient. [6]

In order to achieve the second goal, that is, when the
number of bundles in two schemes is the same, the scheme
with the longer minimum length of finished products is
better. The raw materials are arranged in descending order
of length, and then calculated by NF, FF, or BF algorithm.

These corresponding algorithms are called next fit
decreasing algorithm (NFD), first fit decreasing algorithm
(FFD), and best fit decreasing algorithm (BFD). The time
complexity of these algorithms is O(nlogn). [7]

3.4 Calculation results

Some types of raw materials can be degraded if they are
surplus. Therefore, the optimal collocation scheme of raw
materials belonging to the third type is given first, the
remaining raw materials are put into the second type of
raw materials, and then the optimal collocation scheme of
raw materials belonging to the second type is given. By
using the same method, the raw materials belonging to the
first type can be optimized, so that the whole optimization
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scheme can be obtained. The calculation results are as
follows.

Table 6. The calculation results

Specification Optimal number of bundles Quantity of remaining raw materials
I 17 17
I 40 39
I 135 18
Total 192 7

It can be seen from the above table that the optimal
number of finished products of specification 1 is 17
bundles, the specification II is 40 bundles, the
specification III is 135 bundles, and the optimal total
number is 192 bundles. Finally, there are seven sections
of raw material remaining.

4 Conclusion

The production of natural casings is a traditional industry
in China, but the efficiency of traditional production mode
is relatively low. To solve this problem, we find a more
efficient way to solve this problem by establishing
optimization mathematical model, and that enterprises
can get higher profits. There are tens of thousands of ways
to match the finished natural casings, therefore, it is
necessary to adopt the hierarchical optimization algorithm
to save time, but the solution obtained by this method is
not the global optimal solution. In a word, this algorithm
is simple, easy to program, fast in operation and good in
solution.
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