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The optimization of stope layout is defined as looking for a boundary with the highest profit considering 
technological and geometrical constraints. The first algorithms were presented about five decades ago for 
optimization of mining limits. Most of algorithms, presented till now, have been applied for optimization 
of open pit limits. Few algorithms have been presented for underground cases, most of which have 
been tailored for a specific mining method or use heuristic techniques. These heuristic algorithms do 
not guarantee the true optimum. There are, however; some rigorous algorithms, which provide true 
optimum, but they fail to provide 3D solution. In this paper, a new algorithm is introduced to optimize 
stope layout, using integer programming technique. The algorithm is implemented on a specific model, 
derived from conventional block model. It is a rigorous algorithm and provides a realistic optimum 
solution, compared to its alternatives. For the first time, two more constraints, namely the minimum 
width of rib pillars and the maximum stope height, are considered in the proposed algorithm.
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1- Introduction
The first algorithm for optimization of mining 

layout was presented more than four decades ago. 
Most of presented algorithms have been offered for 
open pit optimization and have been improved during 
time. Unlike open pit mining, the rate of development 
of these algorithms in the subject of underground 
mining has been very slow due to large number of 
mining methods, complexity of economic modeling 
of mining area and the simplifications required in the 
design of these algorithms. Each of the algorithms 
developed for the ultimate underground layout, have 
only considered few constraints. Some of them are 
heuristic which do not guarantee the true optimum 
and others, that have a rigorous logic, are not suitable 
for implementation on 3D cases. Accordingly, so 
far; no comprehensive algorithm or model has been 
reported to be appropriate for all mining methods. 
The Floating Stope of Datamine [1], Maximum 
Value Neighborhood (MVN) [2] can be run on 3D 

block models, but they are heuristic and may not 
find the true optimum layout. Further, although the 
dynamic programming of Riddle [3], Branch and 
Bound technique [4] and dynamic programming of 
Jalali et al. which is called Optimum Limit Integrated 
Probable Stope (OLIPS) [5] are rigorous, they have 
been presented for 2, 1 and 2 dimension problems, 
respectively. In this paper a new integer programming 
model is presented for optimization of the stope 
boundaries. The new proposed model has been 
implemented on a hypothetical 2D model by using the 
CPLEX software tool.

2- Methodology
The new proposed model is run on a special 

kind of block model that is called secondary block 
model and derived from an economic block model. 
Both the dimensions and the value of blocks in the 
secondary block model are different from the primary 
model. The secondary block model has some virtual 
columns which are added to the model for solving the 
problem. Since these virtual columns are not selected 
in the ultimate underground stope, a large negative 
number is allocated for the worth of the blocks that 
are located in these columns. By the definition of 
this model it can be guaranteed that the result is the 
largest in the scope of its constraints. After building 
this model, in the CPLEX environment it is run on a 
hypothetical 2D model and its results are compared to 
the results of Riddle and OLIPS algorithms.

3- Conclusion
A new Integer programming model has been 

described for optimization of underground stope 
layout. This model is run on a specific block model, 
which is called secondary block model. The objective 
function of this model has been presented based on 
maximizing the profit. Almost all of the important and 
critical constraints in this scope have been considered 
and even some of them such as the minimum width 
of rib pillars are taken into account for the first time. 
The value of stopes found by the new model is the 
same as that obtained from OLIPS algorithm. Results 
show that the new model provided more stope value 
compared to using dynamic programming of Riddle. 
Also wide range of application and mathematical 
formulation of this model are its advantages. 
However, it is a 2D model and it is recommended that 
a 3D model will be presented in the future researches.
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