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Figure 1: The number of published papers per year

&)1 slap ol 5l slasds ) Jgaz ;o cashoadr @l )| alizee slans 68l g b g, 58U yolas adgi (650,40l ploxl (sl

sl 00 o)L’;‘a‘ ..\.»J}.: 6}%)MU){ s 5o ol

Aol (g3 340l Al Jo 50 0l Wl sBas 591 51 (gl Ao ) Jgur

Table 1: A summary of the presented algorithms.in solving the production mine planning problem
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Figure 2: The value of blocks in different positions of the hypothetical block model
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Figure 6: The position of the Keshtels in move step
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Figure 8: Final algorithm’s answer with 10 Keshtels Figure 7: Algorithm’s answer with 10 Keshtels
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Figure 9: The result of Keshtel algorithm for production planning of the.mentioned data (NPV=45.47)
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Figure 10: The result ofitwo-dimensional production planning using Gershon algorithm
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Table 2: The amount of net presentvalue per year using Keshtel and Gershon algorithms
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Figure 11: The/value.ofblocks in 4 steps
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Figure 12: The optimal ultimate limit of the hypothetical block model
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Figure 14: Algorithm’s answer with 40 Keshtels Figure 13: Algorithm’s answer with 15 Keshtels
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Figure 15: The results of Keshtel algorithm in solving the production mine planning problem
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Figure 16: The results of Keshtel algorithm in three-dimensional production mine planning problem (economic
values and the sequence of extracting the ore blocks)
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Table 3: Extracting the ore blocks in 6 years and:the amountof NPV per year using Keshtel algorithm
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Figure 17: Thewresults of NPV Scheduler software for three-dimensional data
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Table 4: The influential factors for calculating the block economic value of Songun.Copper Mine
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Figure 18: The three-dimensional ultimate pit limit of 'Songun Copper mine
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Figure 20: The production planning for Songun Figure 19: The production planning for Songun
Copper mine data using Keshtel algorithm and Copper mine data using Keshtel algorithm and
convergence with 60 Keshtels (improve the answer) convergence with 40 Keshtels
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Figure 21: The amount of ore and waste production in'Songun.Copper mine by year (using Keshtel algorithm)
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Figure 22: The production planning of Songun Copper mine using Keshtel algorithm
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Table 5: Annual comparison of the net present value results of NPV Scheduler software with Keshtel algorithm
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Table 6: Comparison the results of two approaches in determining the ultimate pit limit and production mine
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ABSTRACT

Ultimate pit limit optimization and production mine planning have always been the main challenges in the
field of mining activities. The,production mine planning can be determined through accurate methods and
artificial intelligence techniquesaWhile exact methods provide better and optimal results, they may require
significant time to answer the problem due to theslarge number of blocks involved. In such cases, it is more
suitable to use collective algorithms or a planned approach to determine the production mine planning.
Production mine planning is similar to other/optimization problems that can be addressed using logical
algorithms in MATLAB software. In this study, Keshtel's algorithm, implemented in MATLAB, is utilized to
optimize the production mine planning. Initially;Keshtel's algorithm is employed to solve the two-dimensional
and three-dimensional problems. Subsequently, the’Songun Copper Mine is chosen as a case study and the
results of determining the production mine planning by Keshtel's algorithm are compared with the findings
of NPV Scheduler software. The outcomes show that'Keshtel’s algorithm, used to determine the production
mine planning of the Songun Copper Mine, differs by ‘enly 1.8%,when compared to the NPV Scheduler
software. Moreover, the comparison of Keshtel's algorithm withrthe results of Gershon in two-dimensional
production mine planning, as well as the comparison with.NPV/Scheduler software in three-dimensional
problems, demonstrates its efficiency in solving these issues effectively.
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