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Abstract. The open pit mining problem aims at correctly identifying
the set of blocks of a given mine to be extracted in order to maximize
the net present value of the production. During the last years, different
techniques have been proposed to solve mining problems, which range
from the classic mathematical programming to more recent ones such
as the metaheuristics. In this paper we illustrate how this problem can
easily be solved by a relatively modern and declarative programming
paradigm called constraint programming.
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1 Introduction

Open pit mining is a mineral extraction technique in which the orebody is
reached by opening a large ground surface along a mine. The orebody is com-
monly discretized and modeled as a set of blocks. The goal of the classic open pit
mining problem is to correctly identify the blocks of the mine to be extracted in
order to maximize the net present value of the production. There exist varied ver-
sions of the problem, that mainly consider different kinds of constraints related
to the distribution of blocks along the mine, to the production planning, and to
the processing plant and mining capacity. During the last thirty years, different
techniques have been proposed to solve mining problems. Some examples are the
classic linear and mathematical programming [4,10,1], and metaheuristics such
as the genetic algorithms [19,8].

In this paper, we focus on solving open pit mining problems (OPMP) via
Constraint Programming (CP). CP is a programming paradigm for the efficient
solving of constraint-based and optimization problems that has successfully been
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employed in several application domains, different examples can be found in
rostering [15], manufacturing [18], games [12,13] and in engineering design [11].
In CP, a problem is modeled by representing the unknowns of the problem as
variables and the relations among them as constraints. This mathematical model
is then encoded in the language of a CP search engine, which is responsible for
search a result. In this paper we illustrate how this problem can easily be modeled
by using CP, in particular via the MiniZinc modeling language [9]

From a user perspective, solving problems via CP has an important advantage
with respect to metaheuristics: there is no need to design a specific algorithm
to solve the problem, the user only models the problem and the solver provides
a result. In this paper, we illustrate how this problem can easily be solved by
using CP, in particular via the MiniZinc modeling language [9].

2 Modeling the OPMP in CP

CP provides an important feature to the user: there is no need to design a specific
algorithm to solve a given problem, the user only models the problem and the
search engine search for a result. This can clearly be contrasted to the use of
metaheuristics, where the user must implement practically from scratch a new
algorithm following some pre-established patterns. In CP, it suffices to encode
the mathematical model in the language of the solving engine. In the following
we illustrate how the OPMP can easily be solved by using the CP paradigm. For
space reasons we consider only the objective function and a single constraint,
the complete model can be seen in [2].

The objective function aims at maximizing the total profit from the mining
process in a given period of time, where t is the time period index and T is
the number of time periods considered; n is the block index and N is the total
number of blocks. Ct

n is the net present value obtained from mining block n in
time t; and xt

n is a binary decision variable which is set to 1 if the block is mined
and 0 otherwise.

maximize Z =

T∑

t=1

N∑

n=1

Ct
nx

t
n (1)

The corresponding MiniZinc code is shown below, which is a straightforward
mapping from the mathematical definition of the objective function. A z value
captures the double summation which is then launched via the solve maximize

instruction.

1. var int: z = sum(n in 1..N,t in 1..T)

2. (C[n,t] * x[n,t]);

3. solve maximize z;
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The total tons of material to be exploited are restricted by processing and
mining capacities. The total material mined, involving ore and waste must re-
spect the given upper bound as stated in Eq. 2; where Ton is amount of ore in
block n, Twn is amount of waste in block, and MCt

max is the maximum material,
including waste and ore, to be mined in period t.

n∑

i=1

(Ton + Twn)x
t
n ≤ MCt

max t ∈ (1, 2, ..., T ) (2)

1. constraint

2. forall(t in 1..T) (

3. sum(n in 1..N)

4. ((To[n] + Tw[n]) * x[n,t]) <= mcmax[t]

5. );

3 Conclusion

In this paper, we have illustrated how the OPMP can be modeled by using the
CP paradigm. In CP, it suffices to encode the corresponding mathematical model
in the solver language in contrast to metaheuristics that require to implement a
specific algorithm to solve the problem.

A continual research direction in CP is about facilitating the user model-
ing and experimentation phases, such as for instance to propose easy-to-use
modeling languages [17,3] and modeling features [16]. The use of autonomous
search [14,6,7,5] for solving this problem will be an interesting direction to pursue
as well.
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