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Abstract — This study focuses on the optimal scheduling of the paper mill process using MINLP(Mixed-Intger Non-Linear
Programming) considering the trim loss in the sheet cutting process. The mathematical modeling of the sheet cutting processs
in the form of MINLP is developed and minimizing total cost is performed in this study. To eliminate bilinearity appeared in
this model, a two-step optimization strategy is proposed. The proposed parameterization algorithm converts one of the two
integer variables in the product form to a parameter, and the mdiheizagion is solved using a set of parameters made by the
parameterization method. The main contribution of this study is that a model for the optimal scheduling of the paper mill pro-
cess is developed considering the minimization of trim loss and a two-step strategy is proposed to solve complex problems.
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Fig. 1. Simplified diagram of paper mill process.
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Table 1. The order of example 1(4-products)
Product(i) Ordert) Number(max.) Width(mm)
1 8 10 330
2 7 8 360
3 12 13 385
4 11 12 415
I=4, ¢=1, q=0.1, Bnale,900(mm)Aj:200(mm), Nimax=2, M =5
Table 2. The feasible cutting patterns of example 1
b; 330 360 385 415
Width(B)
J Ny M N, Nyj
1 4 0 1 0 1,705
2 4 0 0 1 1,735
3 3 2 0 0 1,710
4 3 1 1 0 1,735
5 3 1 0 1 1,765
34 0 1 4 ) 1,900
Table 3. The problem data of example 1
Strate Constraints Variables
gy (lin/non-lin) (int/bin/cont)
Binary m(liro, 1998) 176 78(16/14/48)
Binary ny(liro, 1998) 172 99(4/47148)
Exponential(liro, 1998) 60(56/4) 122(/82/40)
Square root(Ray porn, 1999) 68(64/4) 122(/82/40)
Invert(Ray porn, 1999) 98(94/4) 122(/82/40)
Parameter [C this study) 40 68(34/34)
Table 4. The optimal result of example 1
J m n Ny Ny n B;(mm)
1 4 1 2 0 2 1,880
2 4 1 0 3 1 1,900
Sum 8 12 6 16 6

Total trim loss: 80(mm)
EA3=0] a8 8.2
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Table 5. The order of example 2(7-products) Table 9. Comparison of solutions(4-products)
Product(i) Order(n) Number(max.) Width(mm) Previous method  2-step method

1 8 10 550 (Harajunkoski, 1997)  (this study)

2 11 12 630 Numbers of raw paper rolls 8 8

3 15 16 685 Numbers of cutting patterns 2 2

4 5 7 720 Total tim(mm) 80 80

5 8 10 760

6 12 13 810 Table 10. Comparison of solutions(7-products)

7 6 8 850

=7, =1, G=0.1, B, ,=3,400(mm) A=200(MM)N; ,,,=5, M=5

Table 6. The feasible cutting patterns of example 2

b 550 630 685 720 760 810 850
Width(®)

Iy My gy N5y g My
1 3 0 0 1 0 0 1 3,220
2 3 0 0 0 1 1 0 3,220
3 3 0 0 0 1 0 1 3,260
4 3 0 0 0 0 2 0 3,270
5 3 0 0 0 0 1 1 3,310
92 0 0 0 0 0 0 4 3400
Table 7. The problem data of example 2
Strate Constraints Variables
9y (lin/non-lin) (int/bin/cont)
Binary m(liro, 1998) 265 119(26/18/75)
Binary nj(liro, 1998) 260 185(6/79/100)
Exponential(liro, 1998) 140(5/135) 19@130/60)
Square root(Ray porn, 1999) 150(5/145) 19080/60)
Invert(Ray porn, 1999) 140(5/135) 191X30/60)
Parameter f{this stduy) 85 156(78/78)
Table 8. The optimal result of example 2
Jom oy My Ny Ny s N My B(mm)
1 1 1 1 2 0 0 1 0 3,360
2 5 1 1 1 1 0 1 0 3,395
3 4 1 1 1 0 2 0 0 3,385
4 1 0 1 4 0 0 0 0 3,370
5 3 0 0 0 0 0 2 2 3,320
Sum 14 10 11 15 5 8 12 6

Total trim loss: 395(mm)
EAgpo] 2408 13.8
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Previous method  2-step method

(Harajunkoski, 1997)  (this study)
Numbers of raw paper rolls 14 14
Numbers of cutting patterns 4 5
Total trim(mm) 945 395

Table 11. Comparison of CPU time, iterations and numbers of cutting
patterns in each schedule

CPU time(second) Iterations Cutting patterns
4-product 2.10 53 34
7-product 704.86 8686 92

€ CPU time} ¥ A 5148 Hasisirh. CPU
timesh 8 AN S5 GUSNoF sH Fol9] TR/l B2HE, 98
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A7

. index of product papers
: index of cutting patterns

J
G : cost of the changes of cutting pattern j
| : the number of different product papers ordered
M; : an upper bound form
Nmax : Maximum number of products that can be cut from a pattern
Njmax @ Maximum number of products that can be cut from pattern |
R; . cost of raw paper roll for pattern j
S : cost of recycling/burning trims
T; : amount of trim in pattern j
Whax : the maximum possible width of a patterns(the raw paper width
- trims on both ends)
g : the width tolerance for pattern j
m; : number of times the cutting pattern j is used
n; : number of product i in pattern j
N oer - NUMber of product i ordered
w; : the width of product i
Yi . a binary variable to determine if pattern j is used
EHozsl
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