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I. INTRODUCTION 
In numerous real world applications such as computer 

science, industrial engineering, logistics, manufacturing, etc. 
[1, 2], there is always a need to plan and endeavor for the 
efficient use of raw material stock from both economical and 
technological point of view as the stock cutting process has 
crucial impact on the overall processing requirements and 
related costs [3, 4]. This requirement necessitates the 
generation of a cost-effective and expeditious cutting plan in 
order to achieve the ultimate objective of being economical 
manufacturing system. Since the cost incurred on stock 
material make up major part of the total cost of a project, an 
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improved cutting plan will not only minimize the material 
waste, but also, may result in significant cost savings [4], 
which, can only be possible through making intelligent 
choices of economical stock size and optimized cutting plan. 

The stock cutting process is essentially an optimization 
problem or, more specifically, an integer linear programming 
problem such as general resource allocation where the 
objective is to subdivide the given quantum of a resource into 
a number of pre-determined allocations to minimize the 
left-over amount [3]. The optimal solution of a cutting stock 
problem (CSP) can be economically significant as its 
objectives are: 

• Maximized utilization of material stock (minimum 
number of stock sheets for given bill of materials) 

• Minimum cutting lines (e.g., improve cutting 
efficiency/productivity by reducing set-up time) 

• Minimized trim losses and scrap (appropriate stock 
sheet size to reduce inventory costs; see TABLE I) 

• Improved profitability (by reducing production cost 
or maximizing products value) whilst meeting 
customer orders and fulfilling technical constraints 
(stock size, cutting method, fibre direction, etc) 
 

TABLE I: MATERIAL CUTTING COSTS OF DIFFERENT SUBSYSTEMS [5] 
Inventory Costs Cutting costs 

Storage Costs
Raw Material Trim losses 
Reusable pieces Scrapping costs 
Finished goods Pattern changing costs 

Warehouse fixed costs Reprocessing costs 
Opportunity costs Costs of deciding on patterns 

 

The cutting process of larger stock to meet customers’ 
orders/market demand may have inevitable impact on 
company’s profit earnings besides wastage level [5]. The 
material cutting department finds a paramount place in an 
organizational set-up as shown in Figure 1. 
 

Figure 1. Material-Cutting Department in Manufacturing System [5]
 
Optimum utilization of resource materials is an area of 

paramount consideration and importance from environmental 
viewpoint regarding waste disposal as well as economical 
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concerns in many industries (e.g., wood, paper, plastic, glass, 
steel construction, aerospace industry, etc.). These problems 
termed as ‘Cutting and Packing’ find a significant place in 
various Publications/Journals like European Journal of 
Operational Research, International Journal of Production 
Economics, Journal of Manufacturing Systems, International 
Journal of Management Sciences, Ocean Engineering, 
Computers & Industrial Engineering. Research on cutting 
stock & packing problems (knapsack) is still active within 
industrial engineering community around the world [1, 2]. 

2-D cutting stock problem addresses allocation of a 
required bill of materials onto stock sheets for minimized 
trim losses, inventory and setup costs and maximized 
production efficiency [5-7]. The cutting stock problems can 
highly degenerate as multiple solutions with the same waste 
are possible because items can be moved around creating 
new patterns with no effect on waste. This problem can be 
fixed through more constraints such as 
minimum-pattern-count, sequencing of the patterns to have 
minimum partially completed orders at a time, type of cut 
(guillotine/shearing or non-guillotine e.g., stamping / 
punching, Sawing), number of cutting lines, maximum 
cut/blade length, minimum knives changes, etc [5]. 

Figure 2: Cutting Patterns with Guillotine Cut[5] 
 

Figure 3: Cutting Patterns with Non-Guillotine Cut[5] 
 

Mostly, manufacturing setups have to purchase raw 
materials in standard sizes, which are subsequently cut into 
pieces to meet market demand or requirement of the part 
being manufactured. Some need to load or pack small items 
into large containers for transportation or storage. Although, 
such problems apparently seem to be different, they are 
actually closely related and have many aspects in common. 
The cutting and packing problems appear under different 
names in various publications and research/studies have 
extensively been endeavored in one or more dimensions. 
Gilmore and Gomory’s articles on linear programming 
approaches to 1-D cutting stock problems (trim-loss 
minimization) were the first practical techniques published 
(Gilmore and Gomory 1961,1963; as cited in reference [3]. 
Survey on 1-D/2-D cutting and packing problems and their 
solution procedures can be found in references [1, 3, 5, 6, 8, 
9]. Cutting stock problems have also been studied alongwith 

other useful parameters e.g., lot-sizing, due dates, sequencing, 
fluctuating demands and inventory control [2, 10-13], which 
are very useful for industrial processes in Production, 
Manufacturing, Logistics, etc. Reference [14] gave a 
mathematical modeling method, ‘mixed-integer linear 
programming’, for 1-D cutting of metallic structural tubes 
used in the manufacturing of agricultural light aircrafts 
focusing on minimizing material trim losses by considering 
the possibility of generating reusable sized remainders 
(leftovers). Reference [15] proposed an optimization 
algorithm for cutting stock problems of the TFT-LCD 
industry to minimize the number of glass substrates for 
meeting the orders and reducing production costs. This 
provides a useful global optimum solution instead of 
sub-optimal feasible solution from heuristic algorithm. 

From the above literature survey, there is an evident need 
for the formulation of analysis and evaluation mechanism of 
different available stock sheet sizes and anticipating optimal 
quantities of ordered sizes. Besides, it is also required to meet 
the constraint of certain fixed quantity of some ordered size 
and direction constraint before actual cutting. This could help 
choose best stock size or otherwise propose some specific 
stock size for optimum utilization with minimum trim loss 
and scrap. 

II. RESEARCH OBJECTIVES AND METHODOLOGY 
The main objective of this research work is to develop an 

algorithm/linear program to chalk-out cutting plan for best 
utilization of steel plates of standard sizes by minimizing 
scrap and trim loss during the cutting process (shearing into 
rectangular blanks) for meeting customers’ demand in a cost 
effective manner. In other words, maximizing the sheet area 
utilization (yield); while meeting the constraints of: 

• Cutting direction i.e. Longitudinal or Transverse 
(along or across the fibre), if necessary 
technologically (i.e., length X width or L W×  is not 
equivalent to W L× ; or in other words 90° rotation is 
not allowed) 

• No fibre direction constraint (i.e., L W W L× ≡ × ; or 
in other words 90° sheet rotation is allowed)  

The optimization of cutting plan in this work will be 
achieved through linear programming fulfilling the objective 
of minimum scrap/wastage while satisfying the fibre 
direction constraint of stock sheet and cutting method i.e., 
shearing (orthogonal rectangular cutting, edge-to-edge 
guillotine cutting parallel / perpendicular to the edges of the 
sheet) and assuming defect-free sheet. LINGO8.0, 
ArcherTool (LP Package) ITEMIZER9 (Demo version), 
trademark software tool of R&R Drummond Inc., USA, will 
be employed for the LP based optimization. Development of 
an algorithm in MATLAB will also be considered with the 
aim of a comparative analysis of the results achieved from 
linear programming using LINGO8.0/ArcherTool (LP 
Package) with those taken from standard cutting stock 
optimization/graphics software ITEMIZER9 (Demo version). 
In order to fully comprehend the research work, a known case 
from the published literature will be examined for validation 
of all approaches developed in this work by working out the 
respective optimal cutting plans and comparing the results 
with those of the reference [15]. Thus, it will be a unique 



International Journal of Innovation, Management and Technology, Vol. 1, No. 5, December 2010 
ISSN: 2010-0248 

 

 

 

485

approach to solving the cutting stock problem as, to the 
authors’ knowledge based on the literature survey; no 
research work has been carried out previously for developing 
the MATLAB algorithm and validating against known cases 
in the published work.  
Figure 4 shows the schematic diagram entailing the overall 
procedure adopted in this paper. 

Figure 4: Scheme of the Research 
 

The approaches developed in this work not only simplify 
the selection of appropriate stock sheet size whilst optimizing 
yield and minimizing scrap level to meet economical aspects, 
but also, can calculate percentage utilization and wastage 
fraction meeting fibre direction constraint and may be used to 
closely estimate bill of material and optimum quantities of 
different sizes before the actual cutting process. 

III. MODEL DEVELOPMENT FOR OPTIMAL CUTTING STOCK 
PLAN (ORTHOGONAL CUTTING) 

A. LP Model 
An LP-based approach is employed to solve 

two-dimensional constrained cutting stock problems so as to 
minimize trim loss/waste (un-usable leftover) and as such 
optimize material stock utilization while meeting 
technological constraint of cutting direction (longitudinal / 
transverse). It is assumed that stock sheet is free of any defect 
having uniform sheet thickness. 

Let, total useful area A  of a defect-free stock sheet of 
uniform thickness t  is given by 

( )A L W Length Width= × = ×  (1) 

whilst the area of rectangular pieces to be cut is  

; 1, 2,3, ,
i i i

A L W i n= × = …  (2) 

and 
i

q  is the quantity (no. of pieces) of each area segment 

or element 
i

A . Now, the Objective Function OB  is given by 

( )1 1 2 2 3 3
max

n n
OB q A q A q A q A= + + +…  (3) 

Subject to the constraints of sheet area ( )cons SA , sheet 

length ( )cons SL  and sheet width ( )consSW  as 

( )1 1 2 2 3 3
cons :

SA n n
q A q A q A q A A+ + +…+ ≤  (4) 

( )cons :
SL i i i

q L W W L× ≤  (5) 

( )cons :
SW i i i

qW L L W× ≤  (6) 

Considering fibre direction constraint ( )cons FD , i.e., 

cons :
FD i i i i

L W W L× ≠ ×
 (7) 

leads to  

i i
q d≤  (8) 

where 
i

d  (ratio of the two areas) for longitudinal (along 

fibre direction) cutting is 

( ) ( )( )i i i
A A L L W W= ×  (9) 

or for transverse (across fibre) direction, it becomes 

( ) ( )( )i i i
A A L W W L= ×  (10) 

With no fibre direction constraint ( )cons FD it becomes 

cons :
FD i i i i

L W W L× = ×  (11) 

then 

i i
q d≤  (12) 

with the ratio of two areas ( )i
d  being  

max & &
i i i i i i i

A L W L W L W
A L W L W W L

⎛ ⎞⎛ ⎞ ⎛ ⎞ ⎛ ⎞×⎜ ⎟⎜ ⎟ ⎜ ⎟ ⎜ ⎟= × ×
⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎜ ⎟×⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎝ ⎠

 (13) 

Further, it is assumed that integer value of the ratios of area 

( ) ( )( )i i
L W L W× × and length/width ( ) ( ), ,

i i
L L W W  

( ) ( ),
i i

L W W L  are taken and the fractional (decimal) parts 

are ignored and that non-negative values of areas, lengths, 
widths and quantities are taken [5, 16, 17], i.e., 
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( )all , , , , , , 0
i i i i

A A L L W W q ≥
                   

(14)
 

B. Matlab Algorithm 
A MATLAB algorithm using linear programming has 

been developed for seeking optimal cutting plan for 
comparison and verification of the results obtained through 

ArcherTool (LP Package), LINGO8.0 and cutting stock 
optimization software ITEMIZER9. This algorithm provides 
the optimal values of decision variables (quantity of items) 
with step-by-step display of the cutting process for an 
enhanced visualization of the cutting plan.  

A detailed layout plan for the algorithm implementation is 
shown in Figure 5. 

 
Figure 5: Scheme/Sequential Implementation of MATLAB Algorithm /code 

IV. RESULTS ANALYSIS AND DISCUSSION 
In this section, a comparative analysis of the results from 

ArcherTool (LP Package)/LINGO8.0 software in 
conjunction with the those from MATLAB Algorithm and 
the Cutting stock Optimization/Graphics software 
‘ITEMIZER9’ is presented. For this, the results have been 
compiled in tabular form and comparative analysis illustrated 
through graph drawn for various combinations of input 
variables and the yield. 

A. Generating LP based ArcherTool/LINGO8.0 Model for 
Same Sized Item(s) 
From the TABLE II & TABLE III it is revealed that results 

obtained through LP model solved by 
ArcherTool/LINGO8.0 in conjunction with cutting 
optimization software ‘ITEMIZER9’are in agreement with 
those derived from the application of MATLAB algorithm. 
Graphical representation shown in Figure 6 to Figure 9 
depicts the change in yield and their percentage values for 
various stock sheet and items sizes. 

 
TABLE II: YIELD(S) FOR DIFFERENT SHEETS WITH SAME ITEMS (ARCHERTOOL/LINGO8.0 & ITEMIZER9) 

Option 
Stock Size 

(cm) 
L W×  

Item Size 
(cm) 

i i
L W×  

LP Model Yield or Area utilization 

Remarks With Fibre Direction Constraint Without Orientation 
Constraint Longitudinal Transverse 

Pieces %yield Pieces %yield Pieces %yield 
1 300x150 30x15 100 100% 100 100% 100 100% | , & | ,

i i i i
L L W W W L  

2 250x125 30x15 64 92.2% 64 92.2% 64 92.2% ? & ?
i i i i

L L W W W L  

3 240x120 30x15 64 100% 64 100% 64 100% | , & | ,
i i i i

L L W W W L  

4 300x150 50x40 18 80% 21 93.3% 21 93.3% , | & , �
i i

L W L L W W  

5 300x150 40x30 35 93.3% 30 80% 37 98.7% , | & , �
i i

L W W L W L  

6 300x150 30x20 70 93.3% 75 100% 75 100% , | , | , �
i i i

L W L L W W W  

7 300x150 40x20 49 87.1% 45 80% 52 92.4% | , ? ?
i i i i

L W L L W W L  

8 300x150 25x15 120 100% 120 100% 120 100% | , & | ,
i i i i

L L W W W L  
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TABLE III: YIELD(S) FOR DIFFERENT SHEETS WITH SAME ITEMS (MATLAB ALGORITHM) 

Option 
Stock Size 

(cm) 
L W×  

Item Size 
(cm) 

i i
L W×  

Yield or Area utilization 
Remarks 

(| ≡ divisibility &  
† ≡ non-divisibility) 

With Fibre Direction Constraint Without Orientation 
Constraint Longitudinal Transverse 

Pieces %yield Pieces %yield Pieces %yield 
1 300x150 30x15 100 100% 100 100% 100 100% | , & | ,

i i i i
L L W W W L  

2 250x125 30x15 64 92.2% 64 92.2% 64 92.2% ? & ?
i i i i

L L W W W L  

3 240x120 30x15 64 100% 64 100% 64 100% | , & | ,
i i i i

L L W W W L  

4 300x150 50x40 18 80% 21 93.3% 21 93.3% , | & , �
i i

L W L L W W  

5 300x150 40x30 35 93.3% 30 80% 37 98.7% , | & , �
i i

L W W L W L  

6 300x150 30x20 70 93.3% 75 100% 75 100% , | , | , �
i i i

L W L L W W W  

7 300x150 40x20 49 87.1% 45 80% 52 92.4% | , ? ?
i i i i

L W L L W W L  

8 300x150 25x15 120 100% 120 100% 120 100% | , & | ,
i i i i

L L W W W L  

 

 
Figure 6: Change in Yield with Stock Size for Same Sized Items 

 
Figure 7: Change in Percentage Yield with Stock Size for Same Sized Items 

 
Figure 8: Change in Yield with Items’ Size for Same Sized Stock 

 
Figure 9: Change in Percentage Yield with Items’ Size for Same Sized Stock 

 

B. LP based ArcherTool/LINGO8.0 Model for 
Combinations of Different Items 
From the TABLE IV & TABLE V, it is revealed from 

results obtained through that LP model solved through 
ArcherTool/LINGO8.0 are in agreement with those derived 
from the application of Software ‘ITEMIZER9’. This verifies 
our LP model developed for the optimal cutting plan. 
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TABLE IV: YIELD(S) FOR CUTTING DIFFERENT SIZED ITEMS (ARCHERTOOL/LINGO8.0) 

Option 
Stock Size 

(cm) 
L W×  

Item Size (cm) LP Model Yield or Area utilization with Fibre Direction Constraint 

1 1
L W×  

2 2
L W×  

Longitudinal Transverse 
Pieces 

% Yield 
Pieces 

% Yield 
1

q
2

q
1

q
2

q  
1 300x150 30x15 20x10 100 0 100% 100 0 100% 
2 300x150 40x20 70x40 49 2 99.56% 42 4 99.56% 
3 300x150 25x15 15x10 120 0 100% 120 0 100% 
4 300x150 30x15 15x10 100 0 100% 100 0 100% 

 
TABLE V: YIELD(S) FOR CUTTING DIFFERENT SIZED ITEMS (ITEMIZER9) 

Option 
Stock Size 

(cm) 
L W×  

Item Size (cm) LP Model Yield or Area utilization with Fibre Direction Constraint 

1 1
L W×  

2 2
L W×  

Longitudinal Transverse 
Pieces 

% yield 
Pieces 

% yield 
1

q
2

q
1

q
2

q  
1 300x150 30x15 20x10 100 0 100% 100 0 100% 
2 300x150 40x20 70x40 49 2 99.56% 42 4 99.56% 
3 300x150 25x15 15x10 120 0 100% 120 0 100% 
4 300x150 30x15 15x10 100 0 100% 100 0 100% 
 

V. VERIFICATION/VALIDATION OF MATLAB ALGORITHM 
AND LP MODEL 

Results from the MATLAB algorithm have been compared 
and found consistent with those from ArcherTool, LINGO8.0 
and ITEMIZER9.  

In order to further verify/validate the functionality of the 
MATLAB algorithm as well as LP model against some 
documented cutting stock problem, a case from the reference 
[15] has been taken whose solution is already known,. Then, 
solution from all approaches are obtained using the reference 
input values of the stock sheet and the items to be cut, as 
given in TABLE 6. The reference optimal cutting plan will be 
a baseline against which the optimal cutting plans from the 
methods of this paper will be compared and evaluated.  
Thus, if the results of the approaches match with those from 
the reference paper, their validity will be established and vice 
versa. 

A. Comparison of Results 
Figure 10 shows the pictorial view of the optimal cutting 

plan from the reference paper [15] for the said case whilst the 
optimal cutting plan from MATLAB algorithm is shown in 
the Figure 11 and Figure 12. Moreover, cutting plan and their 
results screen shots of all LP model approaches are shown in 
Figure 13 and Figure 14 whilst Figure 15 shows the screen 
shot of the result obtained through the Cutting Optimization 
Software: ITEMIZER9. 

For the sake of a quick and better comparison of the results 
from all approaches, the output values are tabulated in 
TABLE VI including those from the original paper. It is 
evident from the results that all approaches are in compliance 
with each other and lead to the same results. Hence it can be 
inferred that the MATLAB algorithm as well as LP model for 
optimal cutting plan developed in this work are valid and 
consistent with each other. 

B. Graphical Representation of Results 
Results from the original paper and those from the 

approaches of this paper are shown below. 

 
 
 

TABLE VI: COMPARISON RESULTS FROM ALL APPROACHES WITH THE REFERENCE CASE 
Stock Size (cm) 180x150 Item Size (cm) 90x56 

Optimal Cutting Solution 
Approach Used 

No. of Items  
Cut  

Objective Value 
(Yield) 

Percentage  
Yield 

Waste  
Fraction 

Reference Case  
[15] 5 25200 93.33% 0.067 

MATLAB Algorithm – Cut Across Then Along 
Fibre (Sheet Rotated) 5 25200 93.33% 0.067 

ArcherTool LP Model – 
No Direction Constraint 5 25200 93.33% 0.067 

LINGO8.0 LP Model – 
No Direction Constraint 5 25200 93.33% 0.067 

ITEMIZER9 Graphic Solution – 
CSP Optimization 5 25200 93.33% 0.067 
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Figure 10: Optimal Cutting Plan from the Reference [15]

Figure 11: Sequence of MATLAB Algorithm (Sheet Rotated 90°) 
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Figure 12: All Possible Cutting Plans from MATLAB Algorithm (Sheet Rotated 90°) 
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Figure 13: ArcherTool LP Model Solution Screen Shots - No Direction Constraint 
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Figure 14: LINGO8.0 LP Model Solution Screen Shots - No Direction Constraint 
 

Figure 15: ITEMIZER9 Graphic Solution Screen for Cutting Stock Optimization 
 

VI. CONCLUSIONS 
From the tables & graphs compiled in earlier sections, it is 

evident that larger sizes of stock sheet can yield into higher 
utilization with lesser wastage as obvious. The percentage 
yield is at maximum when stock sheet size is integral multiple 
of the Least Common Multiple (L.C.M.) of lengths & widths 
of items being cut. Moreover, it is revealed that total yield 
and, hence, wastage fraction depends upon the cutting 
direction, orientation and divisibility of respective stock and 
item length and width. 

LINGO8.0 has an advantage of integer constraint option 
on the decision variable, which is not available from Archer 
Tool (LP Package). On the other hand, the latter is 
user-friendly and easy-to-use as no specific programming 
syntax is required and the only input required is of the value 
of coefficients of decision variables. The MATLAB 
algorithm provides the optimal value of the decision 
variables with the layout display for enhanced visualization 
of the cutting plan whilst the ITEMIZER9 requires the 
quantity input of the decision variables and then displays the 

corresponding layout of the cutting plan. In addition to 
conformity of the results from MATLAB Algorithm with 
other approaches, further verification/validation of all 
approaches has been achieved through comparison with a 
known case in reference [15]. 

Blanking outline size from large stock size for specific 
component is very common in almost all types of 
manufacturing set-ups from woodworking, steel fabrication 
to aerospace industry. So, this work will help enhance 
productivity and profitability of a manufacturing industry 
through optimum utilization of available material, 
minimizing scrap/trim losses and inventory storage costs by 
meeting applicable constraints and customer’s needs. 

This work may also be utilized for assessing different 
stock sizes or to order specific stock sheet size yielding 
maximum utilization and minimum waste while meeting 
customer’s demand. As the MATLAB code/LP model can be 
applied prior to actual cutting/placing of procurement order 
for appropriate stock sheet, one can save precious material 
and curtail its budget keeping in view the worldwide 
economic crisis. 
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