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Abstract

The placement of infill drill holes and providing an optimal pattern for drilling drill holes has long been
of interest in the mining process and has become an inseparable part of it. The root of this importance can be
found in the financial issues related to the mining process, the exploration and extraction sector, and issues
related to classification. The estimation error method was used in this research to classify the blocks to reach
an acceptable level of uncertainty. CRITIC and TOPSIS methods were also used to place supplementary drill
holes and weight potential drill holes. The CRITIC method was used to assign weight, and the TOPSIS
method was used to select 5 of the best drill holes. At first, the drill holes were weighted using the CRITIC
method and with expert opinion, and then they were graded using the TOPSIS method. The criteria used for
the TOPSIS method include the iron grade, weight percent grade of remaining iron (metallurgical
component), variance, error of estimation, and classification. Finally, after placing the 5 wells in question,
the estimation and classification process was carried out again; based on the number of definitively classified
blocks, it was increased from 380 to 571, and the estimated average grade of iron also increased, and 19%
improvement in the classification was obtained. The improvement achieved in the number of blocks with
definite classification adds to the certainty and reliability of the model.
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1- Introduction

Infill drilling methods have been used in exploration projects since the late 1980s. Given the
high financial burden of drilling and its significant impact on exploration costs, new infill drilling
methods have been increasingly embraced. The presence of multiple points for infill drilling and
constraints on the number of drill holes has turned infill drilling into an optimization problem.
Implementing a drilling pattern for infill holes is a challenging and complex process due to various
influential parameters, including geological issues and execution considerations. The most suitable
pattern for infill drilling will be a design that selects a subset of variables that ultimately lead to
maximizing the efficiency and minimizing the costs of the mining project. This article aims first to
determine the optimal locations for infill drill holes, considering factors such as geological
considerations and execution constraints. Implementing an infill drilling pattern is a complex
process that involves selecting variables that maximize project efficiency and minimize costs. Silva
conducted one of the most comprehensive studies presented in this field. The advantages of this
method include considering extraction parameters, enhancing ore classification in the objective
function, and maintaining continuity, making it one of the most practical approaches. Recent
research has also yielded achievements, such as considering a proposed three-dimensional anomaly
and incorporating azimuth and dip of the anomaly by Mersidi and Mamarian in 2016. Additionally,
the use of intelligent methods and machine learning by Dimitrakopoulos in 2017 is highlighted.

2- Methods

To prospect complementary anomalies, the desired region has been estimated using existing
primary anomalies employing the kriging method. Subsequently, the iron element grade, the weight
percentage of remaining iron (as a geometallurgical variable), and the variance correspondlng to
each block are calculated. The variables of grade and weight percentage of remaining iron are
considered positive criteria, while the variance and estimation error variables are taken as negative
criteria. The estimation error, serving as a determinant for classification, has been utilized to
categorize blocks into probable and specific categories. In addition to the high grade and weight
percentage of remaining iron, the classification variable has been considered adequate as a positive
criterion in prospecting. The area is segmented into regular grids of 100x100 to prevent clustering
of anomalies in proximity, and corresponding anomalies are identified for each defined area. After
prospecting and determining the necessary criteria for anomaly prospecting, weights are assigned to
each criterion using the analytic hierarchy process (AHP) method. Furthermore, the topsis method
is employed to select the best solution from the available set of answers. The AHP method, in
combination with multi-criteria decision-making methods, is highly compatible. As evident in a
multi-criteria decision-making method like topsis, several criteria are utilized to select the best
option. The weighting of criteria always poses a challenge for researchers. The AHP method, using
the same decision matrix and without requiring new data, derives the weights of criteria.

3- Findings and Argument

Before commencing the prospecting process, an initial estimation is carried out, and the
necessary parameters for weighting are extracted. The top 5 anomalies were selected from the
available options after the weighting and ranking. Subsequently, considering the new anomalies in
the database, a re-estimation operation is performed. The outcomes related to ranking, estimation,
and the level of improvement are presented in tables and images below.

4- Conclusions

Based on the results obtained in this article, it can be stated that several influential and decision-
making variables in prospecting infill drill holes can be simultaneously assessed by employing
novel techniques of multi-variable weighting and ranking, such as TOPSIS and AHP. These
methods can achieve significantly more accurate and optimal results than traditional prospecting
infill drill hole methods. The approach introduced in this article prevents the additional costs
associated with infill drill holes by pinpointing the best locations for drill holes prospecting,
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resulting in substantial cost savings. Moreover, this method enables the consideration of diverse
informational layers for drill hole prospecting, as each layer of information can play an influential
role in the suggested locations for drill holes. Therefore, various and adaptable strategies can be
employed depending on the specific drill hole prospecting needs. To enhance the proposed
methodology, advanced weighting and ranking methods and incorporating additional informational
layers can be utilized for further improvements."

Table 5 - Dimensionless matrix related to the indices

Drill Criteria
hole | classification* | grade* | variance” | Mwt* | Estimation error-
1 1 0.67 0.11 0.42 0.1
2 0 0.32 0.78 0.65 0.6
3 1 0.15 0.09 0.38 0.19
4 1 0.75 0.16 0.26 0.11
5 0 0.31 0.68 0.73 0.49
49 1 0.49 0.17 0.57 0.08
weight 0.8751 0.7846 | 0.4145 | 0.6433 0.5812

Figure7. The position of proposed drill holes in relation to the primary drill holes

Table 8. Statistics and information related to enhancement and improvement in the results.

Without infill drill holes With 5 infill drill holes
Number of Number of Number of Number of
indicated blocks | measured blocks | indicated blocks | measured blocks
645 380 454 571
Percentage of measured. Percentage of measured.

37 56
The improvement achieved by adding infill drill holes %

19

23



Parham Pahlevani, Mohammad Hossein Aghlan Iranian Journal of Mining Engineering (IJME)

References

1.

10.

11.

12.

13.

14.

15.

16.

D. S. F. Silva and J. B. Boisvert; 2014 “Mineral resource classification: A comparison of new
and existing techniques,” J. South. African Inst. Min. Metall., vol. 114, no. 3, pp. 265-273,

Fatehi, M., & Asadi, H. H. (2017). Data integration modeling applied to drill hole planning
through semi-supervised learning: A case study from the Dalli Cu—Au porphyry deposit in
central Iran. Journal of African Earth Sciences, 128, 147-160.

B. Sadeghi, N. Madani, and E. J. M. Carranza; 2015, “Combination of geostatistical simulation
and fractal modeling for mineral resource classification,” J. Geochemical Explore., vol. 149,
pp. 59-73.

G. H. Blackwell, M. Anderson, and K. Ronson; 1999, “Simulated grades and open pit mine
planning-resolving opposed positions,” Proc. 28th Symp. Appl. Comput. Oper. Res. to Miner.
Ind. Color. Sch. Mines, Golden, Colo, pp. 205-215.

D.S.F.Silva; 2015, “Mineral Resource Classification and Drill Hole Optimization Using Novel
Geostatistical Algorithms with a Comparison to Traditional Techniques,” University of
Alberta.

X. Emery; 2007, “Conditioning simulations of Gaussian random fields by ordinary kriging,”
Math. Geol., vol. 39, no. 6, pp. 607-623.

Fatehi, M., Asadi, H. H., & Hossein Morshedy, A. 2020. 3D design of optimum
complementary boreholes by integrated analysis of various exploratory data using a sequential-
MADM approach. Natural Resources Research, 29(2), 1041-1061.

Ramadhan, M. D., Marwanza, 1., Nas, C., Azizi, M. A., Dahani, W., & Kurniawati, R; 2021.
Drill Holes Spacing Analysis for Estimation and Classification of Coal Resources Based on
Variogram and Kriging. In IOP Conference Series: Earth and Environmental Science, Vol. 819,
No. 1.

Ugurlu, O. F., & Kumral, M; 2020. Cost optimization of drilling operations in open-pit mines
through parameter tuning. Quality Technology & Quantitative Management, 17(2), 173-185.

Dailami, K., Nasriani, H. R., Sajjadi, S. A., Rafiee, M. R., Whitty, J., & Francis, J; 2020.
Optimizing the ultimate recovery by infill drilling using streamlined simulation. Acta
Scientiarum. Technology, 42.

Dirkx, R., & Dimitrakopoulos, R.; 2018, Optimizing infill drilling decisions using multi-armed
bandits: Application in a long-term, multi-element stockpile. Mathematical Geosciences, 50,
35-52.

C. Lantuéjoul; 2013, “Geostatistical simulation: models and algorithms,” Springer Sci. Bus.
Media.

M. E. Rossi; 1999. “Uncertainty and risk models for decision-making processes,” Int. Symp.
Comput. Appl. Miner. Ind., vol. 28, pp. 185-195.

M. E. Rossi and C. V. Deutsch, 2014, Mineral resource estimation. Springer Science &
Business Media.

A. Chibaya, “Geometallurgical analysis—Implications of operating flexibility; 2018 (A case
for Geometallurgy for Orapa A/K1 deposit),” PhD Dissertation, University of the
Witwatersrand.

Fatehi, M., Asadi, H. H., & Hossein Morshedy, A; 2017. Designing infill directional drilling in
mineral exploration by using particle swarm optimization algorithm. Arabian Journal of
Geosciences.

24



Locating of infill drill holes in order to reduce uncertainty in mineral ... Iranian Journal of Mining Engineering (IJME)

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.
35.

Soltani, S. and Hezarkhani, A; 2009. Additional exploratory boreholes optimization based on
three-dimensional model of ore deposit, Archives of Mining Sciences, 54, 495-506.

Soltani, S. and Hezarkhani, A; 2011. Determination of realistic and statistical value of the
information gathered from exploratory drilling, Natural Resources Research, 20, (4), 207-216.

Soltani-Mohammadi, S. and Hezarkhani, A; 2013. A simulated annealing-based algorithm to
locate additional drill holes for maximizing the realistic value of information, Natural
Resources Research, 22, (3), 229-237.

Soltani-Mohammadi, S., Amnieh, H. B. and Bahadori, M. 2012. Investigating ground vibration
to calculate the permissible charge weight for blasting operations of Gotvand-Olya dam,
underground structures, Archives of Mining Sciences, 57, (3), 687—697.

Szidarovszky, F.; 1983. “Multiobjective Observation Network Design for Regionalized
Variables,” International Journal of Mining Engineering 1, pp 331- 342.

Hassanipak, A. A., & Sharafodin, M.; 2004. GET A function for preferential site selection of
additional borehole drilling. Exploration and Mining Geology, 13, 139-146.

R. D. Rein Drikx; 2017, “Optimizing infill drilling decisions using multi-armed bandits:
application in a long-term,multi-element stockpile.

M. A. Cuba, J. B. Boisvert, and C. V Deutsch; 2012, “Evaluation of Infill Drilling in the SLM
Framework,” vol. 2012, pp. 1-8.

S. Soltani and M. Safa; 2015, “Optimally locating additional drill holes to increase the accuracy
of ore/waste classification,” Trans. Institutions Min. Metall. Sect. A Min. Technol., vol. 124,
no. 4, pp. 213-221.

G. Pan and A. Arik; 1993, “Restricted kriging for a mixture of grade models,” Math. Geol., vol.
25, no. 6, pp. 713-736.

R. Dimitrakopoulos, C. T. Farrelly, and M. Godoy, 2002, “Moving forward from traditional
optimization: Grade uncertainty and risk effects in open-pit design,” Inst. Min. Metall. Trans.
Sect. A Min. Technol., vol. 111, no.

C.Wilde, B.J., and Deutsch; 2010, “Data Spacing and Uncertainty: Quantification and
Complications,” Annu. Conf. Int. Assoc. Math. Geosci. August 29 - Sept. 2, Budapest,
Hungary, 24 pages.

Chou, D. and Schenk, D. E.,; 1983. “Optimum Locations for Exploratory Drill Holes”,
International Journal of Mining Engineering 1, pp. 343-355.

Gershon, M., Allen, L.E., Manley, F., 1998. “Application of a new approach for drill hole
location Optimization”, International Journal of Mining, Reclamation, and Environment 2, pp.
27-31.

Soltani, S. and A. Hezarkhani, 2009. “Additional exploratory boreholes optimization based on
the three-dimensional model of ore deposit,” Archives of Mining Sciences 54: 495-506.

Kim, Y. C., Martino, F., Chopra, 1., 1981.“”Application of geostatistics in a coal deposit.
Mining Engineering 33 (11), pp. 1476-1481.

Walton, D.R. and Kauffman, P.W., 1982. “Some Practical Considerations in Applying
Geostatistics to Coal Reserve Estimation”, SME-AIME, Dallas.

Willam C, P. 1978. “Exploration And Mining Geology”, John Wiley & Sons, Inc. 430-432.

Annels, Alwyn E., 1996. “Mineral Deposit Evaluation: A Practical Approach”, CHAPMAN
&HALL, P. 436.

25



Parham Pahlevani, Mohammad Hossein Aghlan Iranian Journal of Mining Engineering (IJME)

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

Hasel A.A., 1938. “Sampling error in timber surveys,” Journal of Agricultural Research, vol.
57: 713-736.

Mabhalanobis P.C., 1940. “A sample survey of the acreage under jute in Bengal,” Sankhys, vol.
4: 511-530.

Quenouille M.H., 1949. “Problems in plane sampling,” Annals of Mathematical Statistics, vol.
20: 355-375.

Das A.C., 1950. “Two-dimensional systematic sampling and the associated stratified and
random Sampling”, Sankhya, vol. 10: 95-108.

Drew, k J., 1974. “Estimation of Petroleum Exploration Success and the Effects of Resource
Base Exhaustion via a Simulation Model. U.S. Geol. Survey Bull. v. 1328, 25p.

Zizovié, M., Miljkovié, B., & Marinkovi¢, D 2020, Objective methods for determining criteria
weight coefficients: A modification of the CRITIC method. Decision Making: Applications in
Management and Engineering, 3(2), 149-161.

Akram, M., Dudek, W. A., & llyas, F; 2019. Group decision-making based on the Pythagorean
fuzzy TOPSIS method. International Journal of Intelligent Systems, 34(7), 1455-1475.

Tus, A., & Aytag Adali, E 2019, The new combination with CRITIC and WASPAS methods
for the time and attendance software selection problem. Opsearch, 56(2), 528-538.

Diakoulaki, D., Mavrotas, G., & Papayannakis, L.; 1995, Determining objective weights in
multiple criteria problems: The critic method. Computers & Operations Research, 22(7), 763-
770.

Haarnoja, T., Zhou, A., Hartikainen, K., Tucker, G., Ha, S., Tan & Levine, S. (2018). Soft
actor-critic algorithms and applications. arXiv preprint arXiv:1812.05905.

Park, J. H., Park, I. Y., Kwun, Y. C., & Tan, X; 2011. Extension of the TOPSIS method for
decision-making problems under interval-valued intuitionistic fuzzy environment. Applied
Mathematical Modelling, 35(5), 2544-2556.

Ren, L., Zhang, Y., Wang, Y., & Sun, Z; 2007, Comparative analysis of a novel M-TOPSIS
method and TOPSIS. Applied Mathematics Research eXpress.

Celikbilek, Y., & Tuysiz, F, 2020. An in-depth review of the theory of the TOPSIS method:
An experimental analysis. Journal of Management Analytics, 7(2), 281-300.

Roszkowska, E, 2011. Multi-criteria decision-making models are made by applying the
TOPSIS method to crisp and interval data. Multiple Criteria Decision Making/University of
Economics in Katowice, 6(1), 200-230.

Micke, A., & Younessi, R. (1994). Magnetite-apatite deposits(Kiruna-type) along the
Sanandaj-Sirjan zone and in the Bafq area, Iran, are associated with ultramafic and calc-
alkaline rocks and carbonatites. Mineralogy and Petrology, 50(4), 219-244.

Pourgholam, M. M., Afzal, P., Adib, A., Rahbar, K., & Gholinejad, M. (2022). Delineation of
iron alteration zones using the spectrum-area fractal model and TOPSIS decision-making
method in tarot metallogenic zone, NW Iran. Journal of Mining and Environment (JME), 13(2),
503-525.

Kousha Mining Consulting Engineers, Report on Estimation and Modeling of Anomaly No. 1
in Golgohar.

26



Oyl (oo (cwddgo Ay il
Iranian Journal of Mining Engineering (1IJME) //

‘a

FF U YY) axio AFY ol v o)lols A 090 DOI: 10.22034/1JME.2023.559269.1931 ! crias siigs Cyazel
Vol 18, No 60, 2023, pp 21-44 DOR: 20.1001.1.17357616.1402.18.60.1.6 Iranian Society of Mining Engineering
(IRSME)

Hlooliiwl b Jome plod podd Cuxlad pae S ol o LosT srailes o loil>
0 piio Wi (U 9 (BO039 B9,

Todlie s oo ) Slaley plo

pahlavnai@UL.ac.ir )l !« s ooyl o5 oliils ( SlSa Sledbl g (6,18 Al cuiigeo oSty ¢ 18 HEaSsls Lozl )
mhaghlan@Uut.ac.ir <yl 1« a5 o)l 55 olKadls (yime cwsdigee 0aSiils o 28 HEASils (5 5Ss (goziils .Y

VEYIPITY iy - VB8 il

LR

957 4 5 039 ©HlSiure Wul P )0 azgi 3ye0 jLpd 5 LALS o gly aae G9! @l 5 eSS GLAlS (plily o
gyl 3 SLISST iy (izred 9 G pame waT i @ bgpo (o Solin 3 1) cumdl (il iy Gl oo -l 0 oo o ypdyligstlo
Sl e glas o9, 51 Gl (nl 50 uab pus I (Jed BB w4 uay lp 055 g2glemna gah0d) 4 by e Sl g
4 b 9 S 55 sty (il saailes 4 (83059 9 (eSS SAS o leilr jglite ) (uizze aid 03y 05 S gl Guis00)
4 LALS ol ;o .Cawl oul coliiw! ailoS o9 e 31 due & Gl Glp U 9y 9 (939 rmasd (Gl Sy )5 (g .o aid )5 15
e Jolds U (09 (512 00 ooliiwl (gl jlimo ol Gusaddy (U (95 L 4oldl 5 g oud (80059 (amasiio Jlai b g Sy )5 (09
A 0590 Al B o lailer I g Culd 50 el (G100 3 et sllas (il sl (53 )99L0g adlge) (T ouile Bl (39 o yd slus (ol
Sk 9 0,5 lagy W51 due BYY & YA« I oalad gused; b slaSohy oluad (slaw p a5 Cdpdy plamil 500 5L guired) 9 (o w9
& dad uiuod; b S gl slawi jo ouls Jols W)l .al Jools (guduod, 50 Wyl o yo 18 g cdl ol3dl 5 o] (Gwosi (il
a3l oe Jo (5091 BGT U g copnlad

Gouds Slals

GO0y ((SRO(339 9y Sy 5 s U dilod (Lol (oSS Ao

SMO ,
BY s_;LuKA J}i""“" o\.\...m..ly *


https://doi.org/10.22034/IJME.2023.559269.1931
https://dorl.net/dor/20.1001.1.17357616.1402.18.60.1.6
mailto:pahlavnai@ut.ac.ir
mailto:mhaghlan@ut.ac.ir
https://creativecommons.org/licenses/by/4.0/

ol).!.l OIR0 (wIheo Ayl

slo e 5 slased s YU o)lge V] 05 vales LSS
ol 1) (eSS sloailel i (gl (g S peenal o oo
gy Gl S 4 hos ) dlee Gl &5 050

I¥] 033 50 )8 Eon 5550 dalol jo a5 WS o
aS a8 sop |y slatws (o 40 39390 sl e b 5l aS
G9x S 4z, Cdae g (a0L 4 e ol o
leil> 4wy 0 @y slo las aslol jo IA] o5 6, So0ne

2 55 slapiie sasl g (S St J> sl
D9 o 413 )T SS Bad milg 5l o eSS slrasled olail>
Lisl 2550 5 WS (g0 uyed 293 50 1) (55LsS (sla e 4
Slp |y it B gl olg oo adl [N a0 13
S op oS by 5,5 Ol bals slols dles >
S5 b plgiee Cales 5o bl ad gya, Jlial glacle
Sl s LSy Slex ar gileante sloghs, 1 85
[yy]

@l Blaal 4 Sbows gl 565 Boa &y
o)Ll 59 lge 4y g5 so )bl ale 5l aS 0 wialys > b
1900
ol yuiie @
(e 0ligS) 55 LeS (slaosl o Caedad pac alS (ol
oolawl abizre glo e 5l (Bae wily 9 Boe ol
6&;M oo 00938 4 mie iz oyl g oo

5] S5b oo eSS slaailsS Sleil> Wlie 4 (g i
A

igald pus @
EISCIIVE TR S R NCY R IC
ol 435 ol Glagees 43 ok pas gals
1vAl
G, @
sbals slul o oad Gy o)l slo e
poe 1ol 9y » Orde Baa g 55 a8 el (eSS
clald i 5l g aSlas Gledbl 0,5l Cavdy g Coedad
8,5 o games; Ho B il g cewl 0ogs eSS
oo, ;o Jlaxsl sloyzelb 5l soliul [VA] ol snis
oSS il sleils (gilwaige ¢lp Boe mlg o
odle 4 Selioe @yl Gz SR 4 e

YA

oM s doo ¢ ilalys plo g

doddo —)

Aol 3l eSS ailes oleil> sl by, 5l colaul
S8 oolaiul 5,90 BliaST sleojey o (e Ae 2o
N ) T O N e Iy o] cé,5
Lo slo g, 5l eolatul SlasST sleanie o ] asgs
I¥] ol 03g ol yors 1933 59, Jldiiwl b oloil>

olawi ;o Cusgaze 5 gleils Cyz dasin by se>y
dle S a4 bals olail> a5 cos cel daailes
o sla g, 5l eoliial [ 0 F] sgd o (jleange
a 0B ol ol Ll cd)F 18 eolaiwl 090 ol jo cws
IV] s LSt glaaile Jam angy (S (28l

sl 2,8 009 dguzmali (g lax blas slass a5 pl Judo 4
Gl CoteS Sl Jbre g e 180 YL easiSeoles
dos gy 5 o Al il st Gus elul sl
PR Kwgm (5,00 paigel (slad Gam laly) yO (S
sbals ] coil sgamel i 5,50 bl olaws 5 o
L clasie uSojlul aile (5568 Slaal L LSS
(@h S by 03,5 patie wal 2l S (g kSl
Slr Gloogs 6,0 paiges g jlee Sy 0 mSS Ganes, W)
oolitul 3,50 (5,000 al 8 joe Jsb ;o (65,5l Dlalllae
bl b 5 2l slajlne calple wiyS oo )8
DY aveye] sl ggme s Glaal ol

Gl (eSS slaailed )l 555 S (5lwosly

ol o Slitee sl alil 1) og asles oz o ok

2l g (owlidinme bl & Ol oo o] dlax 5l a5 0550
Dyl s 56,

o M Lg[bc\.il.«f J.?m ‘Lg)l.ijd.x.a A..QT)B J9Ja N
Lgod Glaie 4 23,8 dvlex 18 s 5 dgume glal
u;w).'l.wo (SLD‘)‘) 9 LQO)‘B:'.\) u;"'?r' J.?LA )\) LQ:ULS 6)5)‘)3
bojie iS5 ol [VF] sg walss Jsdneé (5l
Jolds (bl ey o Sy ;30 Cod 55 g la> 5l Jool>
2 A Col lgime Ol sy 5 Sojlse (K cuaS
Uil 09 Glepaie (lgie 4 (LS LSS slas )l
Do) sgi oo iy s
Syslanz )3 (oote G i blop sladiges ple
ol i ol S Comsy ml 09> 50 (5)ld pdiged
sbales Scps 0 35,00 Sase oy SO yiren



ol).!.l OIR0 (wIheo Ayl

it Bk ol 4 ple b ooy olen 12l o (giluesls
sty BaleS ol (g o by, 5l ool 4 |, Carto

2,5

5 wedil ol lee 4 s eSS slaailes
Slr Fom g o grhae (SlssT slaosgn Cupae 5 >k
Syge slzog slacusgime n ade 5 banie als
Sy ey slaylas g olaws 51 Y] cé 5 15 eolixul
Oy90 bla olaws il jasin LSS sbald ol
DT o9 s5loaings 4 o allese

oo ke ued @ileS e 5l Bus 4 (60 )lge jo
Silw aeS Ojgo 4 Bas 1l il ol liwebsl mlaus
LVAAY o yo IYF] agpo iypms Sim 5 il )l
WloS SL o 9290 sosls 4 axgi gy 4y o)Lil
Sl 2 ol Bos 5 AleS ange 2L Glp 1) 509,
5 VAVY) hlen 5 o8 AVF] s wl)l SOdgy slaosls
Sl 20 S all 1) swsdas g, 4 (oSS sbaailes
Slr o5l arle (S5l iz 4y aibaie G131 ) Cnl
A eSS wilbly i b oS Ol (Sely e
Ot b dlne s g sam Al i Zumdse (e
S5 anT cnl IY0] el U aass il )ly s, 5 4leS
5% 098 dloe J5' b)ly sl (Jod BB Jlade U ool o0
Slwate Sy ab 2 1) o35, VAAY) 52 5 Sorul asldl
@by (Sosdes @)l B> a5 ws S alil (L2b,
S sl cpl po Llojlo ) Al aige slacls (80
GO dw bS5l o ool eolaiwl saSoesls 5,3 g0
) &m; U‘)ﬁ‘ 9 03 LS“J?JW G:JM ools 9 laailes
Lol Wloas i3 )5 s jo ol g3luangs o3

ey bl p 16N wsSIl (VAAY) (g5

A5 51 sl 85 e apam 5 laidl sjloting:
a4 B g ol gy Comel> 0l (el Ban mly
by 08,5 A Bua L) baileS aige Cundge awlxe
oS cwol dall cod) baileS slasd giloaieS g (Cmess
(255 jgls gazmdes 9> Sl oS ol 51 G 0 ead (il
s s s 5l ool VAAY Lo 55 e 8
ST GlaaileS Cusdge uesd ln 1) wass g Sl
Slabs, oad aid S5 4 adgl og, IYV] o8 slay

Y4

sl igy jl colaiwl b (oo B3 esi Comlad puce palS glp (oSS akS o loils

el (gl O g Cawyd ganes) (e (SKwon
)l G Dglds a5 (lye ;o 4 0,00 02y (e il g
oaplice b (games, ;0 gy slhs b o il
oslyly elS ganes, gl ials of, L oed o
Iy aa] ol oS5 loaileS o 51,0 5l ez
oSS sbailes slaxs o

9,8 aals ol sl Bua wlys (850 0 b S
oy b sl 4 LSS baileS Sl slacgese Sl
bl Coll el clhailel dsgaze (Sas sl
bl o (Wl cplple wed e Jols 1) S5 go0e
Alis 136 Cod 355 £yose il 4T Conl boaile gy slass
INT 58 o0 ke 523 gamle

Sl Qll g5,y Sy Jold pleilr azis o
ol Baa Bl B o g e o 0y90 jo bailes
pole 5 Sleol, Sl slasls (lse a ) Slslre 550k
ExFol slapiysl S Gyl & & el jiseds
S b sl oS WS oo x93l 0 T dle
ol Ll oledbl 1 oolawl b onis oays ool jo ooy ;43
182 4 IRVIRISCIIK |/ K VPSSR RENPC IR

H-RV- S

Sheolatul bl b cwl ol 5 o alie ol yo
i)l wleS o sl dszee slalns 4y (2005 Lot
Do yasiie 3990 sl )l 4 daxgi L allS a caslie
s & e (nyie Bl 6l g am Ao j0 e
opite W $rSpeedl bty 5l bals ol
] 0 oolazul

adpdy el slajioghy plo b Gieghy ol nled azy
23058 lp T S,S (2059 St 3l eslitl 039> (nl )
3 oleyer sxwo e 9 LasleS gl bl sl lae 4
Jo ol & calis olal  ganaglsl b Tomml i,
OSee sl Gl Sl Slsz n e Sl sl (Jlow!
Ll (LS

SBl g (2359 a5 @y lagby, 5l (R, 90 o

' Computational Learning
¥ Machine Learning
¥ Critic

¥ Topsis



ol).!.l OIR0 (wIheo Ayl

2by oy, Gl p Gileante an s,
s gam g alex 5l gilwosls Slusy Loas ol
Olisl 035 (28 ol 5 ange bl (Byee g allie (285
009 S 98 Lo, bl jo YY) coil ol jan (S S
O G dw lewe n alaghy, 5 ooad bl dles
(oibyly Rals (pas ks o b plojes o5 0l 4l laileS
3,90 &)la> slaan e als sly 6 g ol bl o Le
L ogble Jb ke b gble boghs) cnl 285 &y axg
Sle I Vb Gpdpmss b gble 5 Yo e glla>
vl W58 o0yl 50 (gl

Joee 2l 5o i U o p)l5 5l ST ladle o
sl il 5l Gae eyl b ot ooliiul LoS5 slaasles
0 el 03y Sz )5 g e uilly GRalS ileS i
8,518 Az o550 il)ly JUS 50 (6,500 el )y aelsl
S G ggite slayll b Bas gl ol axs o a8
Sleie b &y onl g 5l (S Yoo F Jlo o [vol
olly LS, a8 ws al)l S s> bwg GET &b
3 6ol bl sl slp 1) ke 5 Sone sole Culis
6l clin bl 0wl arciy polie b (bl 5 <5 L
OO Sdm dw (o3 15 aalsl o d¥P] s o8 gl
Lev] as Jols Yoy o 5lwdncs 1l 5l oolizal b boailed

Bap b dgupe sliwly ;o ouls plxil sl ingh plo
‘;».wj.u Yeof Jls yo Cunl ooy u;’.l)'?‘ w950 g ETgey
oSS wleF iz abauly 4 (edey g b ooyl @b o
5 OS5 8 azgi 050 T gmiiinl bawgi Jledde Ojgo 4y
Golwdnds 5 Sy aiile wedign slapis o1 5l ool
Gdome Slale gla 5 0 Yo VF g V¥ Gla Jlo jo w5
YAl ws oags Sl

&S wiley old ) ol ol Gilwans Glaylnl LS
oy G eolibime) glacTig 9 5k plojen (0,5 Ll
Ll elp ilwands 5 cplply cwl 385 sla Jow 41l 6l y
eien YAl 0 oslial 5o (eSS laaileS oo5
ange SNl al)l @ liws @l b yd gileand slabs,
0l (§ilwand Jow o slawslie Cuilys oo a5 0l B yae
Lfe ] sms al)l 6 e sloan s g soises,

oals al)l la fagh cp i ael> 51 SO VVO Jlo o

' Simulate Annealing
" PR Stephenson

oM s doo ¢ ilalys plo g

5 ogs Lo 1y pY Sl sexg cpl b Ll ad o 3yme
ooliil & Hlgi o0 Sgatie (! 595915 Slp OIS (s
Jlo 0 57 9 Sid bawgs gilwaingr slay, 9 Slesl,

Ivyl 5,5 6 Ll VaAY

g slals Glaie a4 Jlelinse) ple (5,08 g c s b
Slp ) o5 oKle slel e sl sy, cs )5 lesly,
le.».oi’ L;LQA.SLJ ).o.> 6‘)-.’ L;aﬁ)lf 9 A 63.5§J| 4,{|)|
ooy, ol 5l oolatwl 4y e, S VAAY Jlu j0 cais S conis
IYAl cls s ole

3eolatol b VAAA Lo o Ke 5 5,5 aolsl o
o slagly, Gl eSS sy wae by, S
S ol eSS Bliss slailed cosdse (g5l
Ao peud gy oyl 5o i Gl SeslS 5l gy colatl
Slp g ol Bl 55 anje slacosgame (il ly Srols 4
A arg (LSS slaailed soman S 4 b ol
5 eSS sl 5l Gl anse (1430) o) Ken g al
Iy eSS sraileS b5 dlae g oy yo5 |, s i
oSl 5l eolail b Uas a s . Sileo (90,5 aieS Bun L
Ival wo s Jo om0 Jolbs

Ghals glelome) slagty, xS0 5 Baa el o
OO LS s 4 eess Guibly o eSS (bl
ol 2yl 5 ke 4 Sy pas aler Sl ol Sy
Olesyd asll jo 05 485 18 azg 090 «5,le> 5l (LS
5 oh a5 s e glopize malS gy (g5luosl
Ir-] co s IS Gus aly olaie b onlys

by osmer  alie Slaal L lassT sleailes
i o2 S slaosy @lobd (oula SISl le
s oabl 5 ke o ganes; (2l G sl ool
O3S sl 2l )0 byl (nl (ooled 0950l Lol Wigl o
Abl g Jle e mess o cds [TV ] cadl ous asdls
5955 0 &ly ool 5550 olaidl 5 SSS (b L )
aily loged aes P laacs g9, pocdo o2
ol L Laailad (S 51 .09 anlys 18,56 Maasy 3o
clls wlass ol jesdy anlin gl et bl Bus &L
Lyl

' Cash Flow



ol).!.l OIR0 (wIheo Ayl

S S (B339 vy Y -)

e o jlre Connl poghe 4 TS (80059 b,
5 1o bwgs (g onl el jlme gy (Siwan 5
5 b [l N9y S5 ead (Byme (Vo)) ugalS
TV ol o )lns o3 comens 6l 50,8

b el 9ills (955l (og, alive g, (ol 0,518 Hhas 5l
oo ST ools FuuSTy ay hadd S, ol jo a5 Cglay oyl
Lyl Sgds

Sy, b (oS5 Shge 4 LS by, 5l eolail
ey oy el L s o)laesir (6 S pueal
6‘)—.’ )L:.su 60‘.\:& )‘ U.Mb sl o)l.z.ux.? 6)—‘5[‘*’-‘“@
4 Lb)l.:.a.o 09 Ao o}wu.a oolasw! M}f R gl:’n‘:.'sl
DP9y el ol Kimgss Lol gla il Sl s09,9 SO lgie
O )L».: D9 9 WM u,...vJ.sLo uLo.Q: )‘ oolawl l.’ u_i:.u;
LEY] ams oo st 1) by lne (459 can slaosls

oy 5l bajls s mesd Gl SeyS by, 5o
4,5 g Gl 3l aastie ax 51 0gd ed colatul Laadiie
O g b Lol auS oo colaiul ol 59 s (sly0 095
1 a8y s S sl 5 bl slallas Jlazs] s Lone slass
2 olabe ke Gl s mls pleebl Sl o jse
G55 Koo 5 ene Sl 3l oolisd b S S i
D9 en et Hlere 2 059 bjlre

69105 4 il a5 ol ] S S he,y 0 Cuye
oS oy e bjlone (59 S Sl oz slaesly
2 039 om Pl eed slael b ol LSS peeal e Slo
LF] 0 o s 3 Lo

Geb s g il Gib a3l o jlae Ol sl cuss
g oo dwlne V alayl,

M

JESIPUEI SIE VRN I ST SCHUW PR | PPPOUND

Ngan;s M Jold G ile cnlo)lo J13 b S o oo
13500 495 15 S D90 4 g Sl lins

" CRiteria Importance Through Intercriteria Correlation

(CRITIC)

AR

sl igy jl colaiwl b (oo B3 esi Comlad puce palS glp (oSS akS o loils

sy ol sl b grhe Vol b n) ool o
o Wyl (gl gl el o8 bl 4 le e
aS oy el |y (Swgn Laas g Buan b 0 (LS sases,
el 09,8 Joue b3y (o)l 5l (S ]y Gy, o
If1]

a5 ol o] Cawds (oo jgliws s w3l sla ragh 4o
Bl 5 golerin laled (28,5540 55 gam aw 4 500
Oeiole (6 S0l g wieign sla g, 5l eslatwl g Yo VF Lo
I o5 o, al YV Jlo jo 7 GdgrsSTes lawgs
G (g - ¥

L,k 000 adlaie o) LSS sbhailed Slal> ol y
Sy S yS by boserge adsl slaales 5l eslinu
39 22y 5 ol yate e Guw ool 4B S 15 ass
olyan 4 (Su5psllessy oite Olyie @) ool oailedl

Shoe Glsie 4 ol exilendl Sjs oy le slo e
e Olsie ar resS gllas g uil)ly la e 5 Cude
Dyl oo aid I Ll 5o e

Sy90 (6300, 0diiS i ol )l leie @ e gl
awd 9o a4 lSsh ] G p g sl ad 515 colatul
Sloie 4 (gaises, yuxe 5l ailoads (gaises, galad 5 Jleisl
9 b ke S8 5o plelr 5o Fge Cute lajbe 5 (S
ROWPRVIPCE I NS I PRV DL P S PR WA

w2 ooy 0 bals Slail> 5l 6,50l (sl aslsl yo
WleS g ool (gl Bl Ve exV e e (lais gloaSl 4 adhais

@bl lr b 50 bl s 5 2l 5l o
Shay 4 ke Sl Sy e 4 iy (arass anlp leailes
oG g, 5l sl o piman 0 pdy e plal S S
Syrge sloclsr asgezms (b Sl Slsz e GBSl sl
gy ol 51 S Byre 4 dslol jo 0gd co oolatul
ol 00 UL"' ).u Lbu—‘ )‘ (G500 yo0 k;vgiD 9 0L wlof

' Diogo Sousa Silva
¥ Dimitrakopoulos



ol).!.l OIR0 (wIheo Ayl

L2 sl assls e Jlowsl a3 5w :
[£5] sl asls are Jlowsl a3 5l cwain alold

Slacgazme a5 Conl Sl 6)9—‘@-? 009y SO B
Silwdloy Olae p2 Gl (59 s LTy K00 sloas, 355
S oo dliie L Jlons] g laaiy 35

Sy Do @ byl a5 Cenl )l Gl (28
ool @Y siledle s Ghe) cnl o b Rl L Gl
o)loxe aiz hliwe y3 Yooro bajlao b layzally 15 [£V]
ol wle Sl slagsg, LFAL Wls 9500l olal
ax oS gl @yl wold ) bl o oily O
A0 ol 0 0w b glee 1) Sl S50 ans
4 S |y gledae 5l SAly S o cnl oS (&
slad>ol, Jold a5 aiS 0 @alp Sl e slas S,
Tfa] el o Glagop polol 5Kl

Gk b ocald wlal Loyt ol (29, cnl 50

ol g Jlowsl Jool o 99 0950 sy Jlowyl
bdi> den 10 a5 sl >0l WJloas! ool 0,18 8424
g 3 szy Jee 0 IS b a4 a5 cl e
4 e Colid g pSoilal gl s oy )T 4 g
9 Jiod..{\ J>o‘) 9 ys (y alols ‘UT s 9 JToAi‘ J>o|)
2 Byite e 5500 SxSoll o Wl rizmen
5 Jloagl Jool, 51 IS alols a5 Gl ol 51 alols ol
SIS el 29y Nisdier s, 5 )l ol Al
sty Sl il wiles g el (668 (L2L, Sleiiy
"'\3‘0'9&“’ )L»...«.: GL»J U"‘ XY 9 6QLQM L;L&:Jy:)é Cono
Sy 658 Sl Sl iz b gy So el
L0V el Jlow) gealy (53loacs b lagn 30l oo ol

J“?‘ 39 y|ves et d)jw-“““” 0,59, Q—.'.‘ Be

gyonl 5wl ggite Slae g Sl el ba)las 51 S5

pee o3l plas 4y bl by lre 51 S 0 aST (58
el ) 2 (b ol (Slewlone lapls

Dy oo o (el iy 4 Lo @

2 sy (s ©re Jol l ei9e wme Sl @

vy

oM s doo ¢ ilalys plo g

oolainl ¥ akal, 5l by ooy Ser o ¢lp
D s
Xij - xjmin
rij - (Y)
xjmax _ x]mm
:C)T )a as
(S gy Ty

A3 0590 adlge )
S 8550 adlge e oy a8 oM
A5 050 adlge e oy iy Y

D9 oo oolawl ¥ 4-[4)‘) )‘ l‘b)L‘*" ‘L‘JB‘ OI9 O 6"’

G=0) -1 ™)
i=0

:Ql 59 as
adgl 39 G
ool §14 ) (Ko o o 135
LW 059 b by 4 g ¥ oakal) sl eolaiul b plxil

] )

:Ql 0 aS
Jbey 039 W
adsl 0y59 G

ary b g predl e ple glrools plea b s cpl &

Aol lme 5 s ool (Sewn g (FoSTy «

s> ey 5l sz blae ol 5 e 5o 09 e
L0l el G o jlone 35l o cnlpls 395 oo dmslona

o gy -Y-Y

S Jlesl U= oly a4 coalid ol sancaglyl U3,

A 00l dawgi VAAY Lo 5o e Jawgl (gom slocd iy
» ‘M.L'; as azily by VAAY Jle o od 9 Y «Klgn
oYk g cue Jlowl 43S 5l pwsin alols oy yieS

' Topsis



ol).!.l OIR0 (wIheo Ayl

ol 4n 5 (egian (Rl and ) 99 il ali 5 S0,
? Jlowsl a3 el ot oS5 " i JT ol 4 5" i
3 e olas 1y S 5550 sla Sy pled 5l mhaw o e
ams e 5 1, oty e JT o] 5 45 o
3 oolazwl b Slawlbore 5l glacgammo s )8 g0 oyl 5l oolainl b
@ slp sangex g Jolsd @ sedome whg o 9,50,
plnil e alesl 9550 loylins (oond (G335 jlade (485l Cews
uJ)JYl’ ol b ML‘) = é»)f ).:»)LM NG I
85 (s sloaasls (n i plpie 4 (o (Soo5 )lade
S o ) S B o ol g IS W,
el ool )l & l>gld

sl igy jl colaiwl b (oo B3 esi Comlad puce palS glp (oSS akS o loils

tij = ri]- X Wi (())

Jlowsl Clo> dcgome o (S7) cutie Jlowyl Gl acgorms o
e ateie () siie
Dl 50 dailone ¥ g F alal) 3.l aie g Code caiSlaz o3l @

*)

)

b Jlonl Glgm @ os (o055 ojlal ol o - e
D oo Ao A alayly

M

|m e - - ==
1
1
FFmte | [
g 4 S ok ™

Veoxd e sloast
adyl slaailes

4 La,lae Ganass
Eomdn wlatse

| l

Laasles”

3oke e arass
2y mlie uily

2 leals ol

leas_
Sl i
3y e R

2 Sl gacyes,
ezt gl Ll

aols sy slacssl,
oalad Laogs ot

=@ 0js e lae 335
Cr e Sl eas
o=

= — — —

l

g de yaine (i
5ot Sl sla

B gy 4 She

}

PUPK SNy EL]

l

3590 5l jLre sl
S0 S

l

O dmloa
gy e slacSsly
i 390 aileS
sla)lae olol 5
2 Slp e et e
sk

}

Slde fat asts
Sl b o 2l
loasles

LalS loilr o1y pi 5e5l 4 bgrpo )yl gls -) JSb

BD 0 & Cunl Gloyw degeze Cpl A gl op 500

By gz 0 degezme (pl O 18 Game 3,0 Jlod (5 5eglS
ool oads @8l ST VY v e e aB g 10 5 (e mg s (95
b oad (Gilw Gl Gase oog8 £ adlaie (pl o (Y SE)
3l 55 Cyanee VYD ] Sae 33 £gam0 45 sl 00
s Dy 4 Sy ojled g8 (g liag A (nl ol
0x>d 9 5 Osekee  AD 0233 g (28 —( Byl Sliel L (gloaeiS

AR}

eé‘ééps@[ﬁoé}?m—f
S S, g dlex 5l a5 455 olee dcgase
Jsb 50 9 OleyS bl )5 wgyon Jled @y 5525 )3 (ol

OlyS mghy @ e ;o (8 jsb 4 g Jled YRV L



Ol (pare (owdige 49 s

Loy a5 0565 p St (B0 A 4y Sy ojlad 0358 o Sl
Ko Jabi oSl i el gonil o S a3
S 05 o5 SutiSe i g deilgw (552l Jade 9 Coslen
3 brogilyes ol 008 ol e grplgs o SIS 3] gl ppolie
o g WISg 9 CapgSI o St i 4 S8 L
JSt3 1) JdlS 0355 e o o (5 geken VS 35 L
P A S oo S gl g )3 1,3 555 e 0 3V aa3 o
bl adllas 9 o Sga70e 5,555 05 CuliSe (195 4yl >
WS ol 0358y Lol li SIS 5 S sas e Lt ko 3L
LOV] ol ol o (gosilgnn 28 (lasls b oS o e
SlessT glajls b s 45 U5 LS K ojlad Jlegil
0095 sl 00 (6,10 pdiged Slocds g w3 sboailed L il
Gt oy e Jlod slaial b 0aplS (pwie o D90 4
FSis S65,50 b 5l 0ni S p i S Lol
Ol B Cond g o 1) idey S Giulu 8 .ol ool
sl 00ilingy 1, ol Kl (g5, 28yl Sliges 5 ol 0350

330000 332000

O s dozxo « Slgli ol

S ‘5)‘0)30).@‘4. 9 sless JL‘> B U” 05"1'“"’ YA- QLQ..D‘
‘MJK.HQ ‘).e‘fJf u.b] )L.wls o&ﬁfﬁ)o é.....u 6&:&?‘5
el Jriol 5 Cunnds Cdl)S s Jometial 050 o2y 3555
AL ol Kiws la lils o oyl S ooy (53l IS ddlaie
o Zadd (gl G550 4l S Bre ddhi, IS
SF 50 Ghlie b daSin Koo g epe (S oyl
b 4 g 00,95 e Dl 4 dihie S loasly plad
O 5D Oy SS93950 9 ey Slniolly 0)90 e S (o)B

~SSgisre Sl gz e ;O 5 39S o0 ey slaile
¥ @ Gl (Koo Glaaly wigd oo canlin jin (6yedy
L3l ;5 a5 055 0 2l ST 0l ot 58 (255 (slossal
Bl aad 28—l o i aen ailais
G 0 5 09 e b 08 S dilaie o Cbl —cudl S i
e S s (e Sl Gl ik
S8kes Ky, (rizresd 5 Sy Sl S S pe3 el los S

St

342000

344000

[OY] 148 5 Vi) eover alisdhopmn; adndis o o5 U5 00guxe Cumdgo —Y S

oS5 5 Sidsee b w0 pb Ol ) Sl Cush jpetise
@loled 3550 45 ) 0535 50 ol Siw g5 A gloond
2 (F ¥ IK8) oy 1o glaled glrools .ol a8 )3 1,3
oal @y Fev Boc g PO oo g e IVO- Job 4 (Slodgae
olawi Y+ 51 LoSs sboaileS oleils (sl Gigh cpl jo ol
Fo YO+ lawgie Job g yio Vo Sl alold L SlacsT aile
oo ST ol duo e ol laailed slaosls ol ol soliiul
Sy by aipat w5 03 T5n e 5 S 2y e

\Ri

VeoxVeo olalay glaSils 10 0,53 (pl (dudaas aslllas

Ry g Feooexe- 0y u.v‘ Slel el oo [=L>u| geo
Bof ol PV 2o YV 0g0 j0 (635 p0 om0 Cwlbs

WS o gt () o0 U ey a5l ooy

WCisS lie €95 5 Sday 0098 oyl (Lol Kl
w03y b ol e ol yolie 3l .canl Cudgad 9 coijbe wslon
9 Sulie ;o 0dSTy Djgo 4 g Cudgrm S Ojge 4 95



Ol (e (owadigeo 4 s e B GIg ) 3 eolisiwl b Guxo w53 (pesi Cuzbad pae oS glp oSS LS o leils

ol sy s5psllegss el lse g ol eale (Bl S
lov] el 0393 Ly 5 g 60 danlone odls

' mwt

Yo



Q‘,ﬂ OUR0 (oW A s

O (s dozxo ¢ Slgleg plo

101850 E 600250 N
129 132
126 127 52 147
N 44 135 157
101500 E o8 » - i 1750 Elev
1z 94| | ! l124
120
— 32 10 98 1150 128
Ry 10243 78 | P 1T da
1068 1073 t
L iz 1575 Elev
58 17
36
1575 Elev =
1400 Elev
FE% 1400 Elev
JABSENT] 101850 E
B (FLOOR,15]
115,25)
2535 .
251
I 135.40] SIS 101500 £
140.45)
145,50]
16000
I soc0) 0 100 200 300 400 500
I (60.CEILING] — —
T e A€ . a8 R
ool Gesls 4y ba yo solawl 8590 AL Comdgo - IS
N \
101850 K 600250 N
129 132
126 127 8 147
9 a4 135 157
1na2 B K
101500 K 88 % 81 12 1750 Eley
1 94 i | A2
. » 10 98 1150 128
ke 1029y 7 a
068 1073
[ 121 1575 Eley
8 17
36
175 Klev
1400 Eley
MWT% 1400 Elev
ABSENH 101850 K
B (FLOOR.1S)
11525
—
2505 600250 N
— 1 101500 E
[48,55]
[85.65] 000
B (65.75) 0 100 200 30 400 500
B 175.CEILING) J— F—

BT 0iloudl 39 duo )3 43 bgy po ooliiwl 3y90 (SBALS Canige —F S

ool g lol (omwyp —O-)
Glel sla b)) 3590 odls S )0 9250 ol jle Tzl 4o
ool slaodls 4y bgye ol g £ g0 JSo 0 el b 5 13
@ daxg b oaS o e samlie ool sdiledl Jj5 dwop g

3l 0gzg osls jo yieS ol slejle g asils o ig g8

MWT

BT osiloundly (39 duo yo (Grodls ol 4 g —F S

S g s -0
)\)é ) L;)Loi )h )| 4,3.’5‘ salss slaosls lual
gl Lol 51 Sy o 4 bgye )bl slayal)y 5 48,5
bl bgauas; s i 4 by e o sz aslsl ;5 g oad

S 00

FE

350

Frequency

FE

Rl sodls ol ) giwad -0 JS

A4



olﬂl OO0 (wdigo A s

Sols o b psli & by o dm g i ylo - Jgu

e B GIg ) 3 eolisiwl b Guxo w53 (pesi Cuzbad pae oS glp oSS LS o leils

ol Gredls a3 bgs o Sledbl g jol -Y Jgus

b oLy Hlodo Olene
< s .
ol cgaiwesy | e | bty | Mt 7‘5 YAYA | leosls IS olass
st VYV | eaiges slass
\ \ ‘/7\/ ‘/\\ ‘/fY ‘/\ /\/? S
Y ‘/VY ‘/V/\ * /?& * /; ?V/& L.
\A‘ \ ‘/\() /“\ ‘/Y‘A ’/\‘\ AI\//\ d..l.a‘.)
f \ ~/VA /\; ’/Y? ‘/\ \ af/; U..S/JL».A
A e < FA <Yy . £9 -
! / / ! \YY u“‘"l-.’.)‘j
RN I
\-YF \ - fa NY -0V oo A VA Sz
OSoo sLaaileS & bgspo sbyj9-F Jaux -Yys S olS
‘ ‘ s QA | ools as )0 YO
Sxe | gaiedy | ke oilyly | Mwit e OABA | laools sy O
)9 ‘/AVQ\ ‘/V/\f? ‘/f\f& ~/?\°\”Y’ ‘/A/\\Y FY/"\ laols Qo 40 Yo
P00 | bosls sus o A0

G bape ganad, el g, 5l eolawl b oaslsl o
O slaJgaz ;o ol ar bgrye gl a5 ol et | lbailes

ouiloudl (5339 w030 (Wredld 4 bgy yo leMbl g Hlol -F Jgu

el 00 00)3] Y ol
b as Ly &1 byrjo arrgr i yilo -0 Joour slado olye
YAYA | leosls S olass
o Lxe
2 IRA R diges slass
PHI LgUaé
Tewiwesy | ke | Towilylg | TMWE | T AsS
\ \ Y ey oy | N e
Y I 7N S R ho Al
Y \ YRR N Al S
f \ YO < \F < Y¥# N 70 o-bls
5 YRR APV | e Sl
\a,YY ez
¥a \ N T B A I S
o5 | AVOY | evast [ erfa [ sery | oy VOY | Loosls 00,0 ¥O
OAMA | ools ws 0 B+
u . . . - a_
iSla ojludl digeid =7 Jgor VXA | lools aos VO
P d* d AoV | osls as,0 A0
\ Y| eave -
GRA ) 9 (PO039 —O-T
Y SYYES | Yoy
v SAEY | LT ey 4 LSl 4 by aug gl Jeaz ol
slagyg sl o g (¥ Jouz) cuwl ouds ca)sT S S
£ NA%) | - voar 03,5 ¥ Jsaz jo by, (nl 4 a3l o (gl oad aule

ol 00

v



Q‘,ﬂ OUR0 (oW A s

Cele 0 g e gl (lls (eSS Jle iile
A are S 8l (guies,

ol plnil eeds sl by, 4 allie cnl )3 (aies,
oylods Ay il )0 Gdme plBd (guwes, Jeallygiws o el
Slos o5 oud (Brae oS sllas lgie b guies, FVA
e smody sl el a3 18 5 allie (l 55 oo,
A E I PR PSC TN NUC SPRTAPUER SN RS
& i ol @ el eal had o3l 90 4 beojly Caalad
woys A0 slozsl o b + ¥ 35 pess slas b oSl
Wloads gaies; Jleim! flgie 4y o)V (YU 5 o2had laic 4

101500 E

1750 Elev

1575 Elev |

FE%
[ABSENT) 1400 Elev |
I FLo0R 15)
(15,25)
[ i25.35) <
B 5,401 600250 N
(40,45]
145,50]

B (50,601 0 100

O (s dozxo ¢ Slgleg plo

Py abS b govad, -V Joux

&leS
\4
Y
14
YY
Yy

~«| || —| |t
[ 3

G0 ) g (ymosd —O-Y
Sly ool Sz )5 (g, 4 Siumm S eeds alol o

sleosls 51(A gV ) @85 plxl oals o3lo, slaosls
il sonad, ¢lp oY Gl ,loe (ruess 5l ool Cass

I(IIK‘S(D E 600250 N

1750 Elev

1575 Elev

1400 Elev

101850 E

101500 E

1:6000
300 400 500

-ISD,CEILING]

03395 mostS (JSal Jao -V S

N A
‘ 101850 E

101500 E

1750 Elev |

1575 Elev |
1400 Elev |
Classification
[ABSENT)
600250 N
Indicated
.w
0

100 200
—

600250 N

1750 Elev

1575 Elev

1400 Eley

101850 £

101500 E

1:5500
0 400
—

Sk Jo @l o plnil (gudues; A S5



Ol (e (owadigeo 4 s e B GIg ) 3 eolisiwl b Guxo w53 (pesi Cuzbad pae oS glp oSS LS o leils

o OAAT)éwLQJQ\\ 5\‘ A }{9'.‘43)04...}5‘6LQ:¢[A§4)M ).a:> LS‘)’ 60[,@‘,“4 LSLQM; ub...c LY )4)4 aleS O wods ol..

101850 E 600250 N
DHK000S
@®
101500 E DHK0007 I Fle
phcooer T 1750 Elev
DHK00K
1750 Elev ®
1575 Eley
1575 Elev
T 1400 Elev
1400 Eles
101850 E
600250 N
101500 E
1:5500
0 100 200 300 400 500
— I
.o - & - a &I
00gdx0 O ‘SJW ‘SLEMLQS u.:.:ﬁ,.o -9 JS.M:
N
10180 P
v i 1 v
101500 R e p s e
@ A
DHKoON |
1750 Elev -
1 1575 Klev
1575 Elev
1400 Elev
FE% 1400 Eley
[ABSENT] 101850 K
I - LooR 15
15,25]
25,951 600250 N
B (35,40 101500 ¥
[40,45)
145,50) 50t
- 5500
B (50.60) 0 100 200 300 400 50
Il ceuna) — —
adgl GLalS & Caouws oty L ALS Cauxdgo -V S
"J]Sf.]ﬂ E lﬂl'/‘SI] E lﬂlﬂlﬂﬂl‘_
600500 N — ® ® ® ® ® ® — 600500 N
® ®
P
()
®© ©® © ® © e @
® ® ® ® ®
600250 N — ® ® ® ® ® (L I 600250 N
)
® @ ® ® ®
® ® ® ® ® ®
I [ [
101500 E 101750 E 102000 E
1:5000
100 150 2 0 3 3 400 4

(YU 31 099) adgl (ladile s o (goliin (aILS Cauxdgo -1 S

Y4



ol,ﬂ OUR0 (oW A s

Gioy & oS Sl ol lh baileS cul (iares

Gl S By b ailaaslys g wilosls pals |, Kon S
DS b 905 Dryen (eSS GloalleS I olaial
s 5l il Blal glaas i 3l g aims @l ) basleS 5w
ey 0 GrSslr el gloasil o i glales
AleS o @ 3l a5 wibad olkl bl o bals
Slaslre ;0 Vb Coalad b LS 5 009y (5590

RRRPY)

ol B>

]

1500 Mies
v

13500 Fley
!

(<)

O (s dozxo ¢ Slgleg plo

4.1.:....;5 L IR .)L‘?u‘ Sgafe o 6‘1.» aals o e

adgl saileS 4 baileS (pl (Jow 10 ool By sbaailes
OB (et 3550 30zme 0ud (b (Sob Jae g 0D 0593
IR ob)jT ))) ).ija_v u.llﬁ PLd OT )‘ J..al_’> CL:L..' aS us)f

O Wlaiusley g eals wlyl Sod JB g oolpiiny
(Sok Joe a4 bgrye Cuxhd pae GialS g gues, W)
s ilidlly ahad 0,53 ol

N oSt

LT § l(I}UA'/

oSG AL yuns AL 3l amy (el Joo Cordg -0 o LoS wlaF s a8La 51 B Seb Joo Carsg -l VY JSb
(owbo (guu00 ) Juw S gl 9 (o ly (G0 30,8 Sl oly)



Ol (e (owadigeo 4 s e B GIg ) 3 eolisiwl b Guxo w53 (pesi Cuzbad pae oS glp oSS LS o leils

P |

e Iy |
e e
==
s e e e o

=
e
I
— =" I
[
|=—]

(N
DHKPOOS D003

I
[ E— | I [——
| 1 | E—
[E— [— | —
| E— e | | —
| S | e— |
| E— m— |
—  —
[ [
1 [
— [——
_  —
[l
=

(<)

oS oS s a3l 31 am (el Joo Camdg — 0 o oo Ao s a3Lal 31 B (SToly Joo Cammidg — I Y S
(owbio (G008 o (LS 9l g Gl o3 30,8 oS o)

Tl 55 Sgmte 9 5l )l 4y by yo SleMbl g Lol A Jgua oS5 LS O o aBlol 5l e A Jgax a4 axgi L
oSS s ailaS (9 o5 aileS B a8l oo sl Joo 4y (oxlad (ganes, b slacSoh (al adlol
Slows Slows Slows Slows eSS GleF O o wslal b W) asye V4 s> y0 S
ol | s | bl | el B B B e e T
indicated measured indicated measured Cobad pac il 4l g le Jow a5 098 oo o (a0,
i sl S sl ws o i laS sl ws o
g g S 4 5 G o5 3 el G g, ) ol
o ale S olaws b plaie slaaSis jo aled (oYL olass
oSS saileS ol adlal 5l oas Jol> g ¢liae ). ) ‘. < ) - e
A= 5 @bl 0 5l e @l 4 plsl ange sbplSe
(%2,2) . . . _
V4

De o 5 10 CBs ldl g beas s

A



olﬁ.l OIR0 (wIheo Ayl

10.

11.

12.

13.

14.

15.

16.

17.

18.

X. Emery; 2007, “Conditioning simulations of
Gaussian random fields by ordinary kriging,”
Math. Geol., vol. 39, no. 6, pp. 607-623.

Fatehi, M., Asadi, H. H., & Hossein Morshedy, A.
2020. 3D design of optimum complementary
boreholes by integrated analysis of various
exploratory data using a sequential-MADM
approach. Natural ~ Resources  Research, 29(2),

1041-1061.

Ramadhan, M. D., Marwanza, |., Nas, C., Azizi,
M. A., Dahani, W., & Kurniawati, R; 2021. Drill
Holes Spacing Analysis for Estimation and
Classification of Coal Resources Based on
Variogram and Kriging. In IOP Conference Series:
Earth and Environmental Science, Vol. 819, No. 1.

Ugurlu, O. F., & Kumral, M; 2020. Cost
optimization of drilling operations in open-pit
mines  through  parameter  tuning. Quality
Technology & Quantitative Management, 17(2),

173-185.

Dailami, K., Nasriani, H. R., Sajjadi, S. A., Rafiee,
M. R., Whitty, J., & Francis, J; 2020. Optimizing
the ultimate recovery by infill drilling using

streamline simulation. Acta Scientiarum.
Technology, 42.
Dirkx, R., & Dimitrakopoulos, R.; 2018,

Optimizing infill drilling decisions using multi-
armed bandits: Application in a longterm, multi-
element stockpile. Mathematical Geosciences, 50,
35-52.

C. Lantuéjoul; 2013, “Geostatistical simulation:
models and algorithms,” Springer Sci. Bus. Media.

M. E. Rossi; 1999. “Uncertainty and risk models
for decision-making processes,” Int. Symp.
Comput. Appl. Miner. Ind., vol. 28, pp. 185-195.

M. E. Rossi and C. V. Deutsch, 2014, Mineral
resource estimation. Springer Science & Business
Media.

A.  Chibaya, “Geometallurgical analysis-
Implications of operating flexibility; 2018 (A case
for Geometallurgy for Orapa A/K1 deposit).le,”
PhD Dissertation, University of the Witwatersrand.

Fatehi, M., Asadi, H. H., & Hossein Morshedy, A,
2017. Designing infill directional drilling in
mineral exploration by using particle swarm
optimization algorithm. Arabian Journal of
Geosciences.

Soltani, S. and Hezarkhani, A; 2009. Additional
exploratory boreholes optimization based on three-

dimensional model of ore deposit,
Archives of Mining Sciences, 54, 495-506.
Soltani, S. and Hezarkhani, A; 2011.

Determination of realistic and statistical value of
the information gathered from exploratory drilling,

Al

oM s doo ¢ ilalys plo g

S S azxs -7
L aS 5,8 olo olsiise allie ol o suel Coway gl b
o pRilediz (Gobdl) 5 (PI0)s (g Sy, Sl eolaiul
e iz lored Glgice SenyT g el oo
 heoSs skl Sloils )0 jlupeodd 5 jge alisa
e @ ez a bapl awy 4 g ol 18 2L 9550
Sloailes plailr (i (slaghy, 4 S Saige 5 FGA0

Slp B oy (Brre b dlie ol jo 00l (Byme (B,

loaled > b L e 3ol slaan e 5l bales Llils
al) 6 pfeis p5748,0 93,00 0 Joo 4 6 S5l SO
G oyglioe polyd |y Gl (pl gyl iz 3515 ol fen
Lo ], gsite SOl ey dasls Llols gl

OB ;o yge i Gl e Sledbl Y e 15 )
Galises gaaslos b ol b sl asls bailed colpiden

o,5

slagiyy plo 5l olgoe ool alyl oy, 5o 51l
o peien Sledbl slaaY g ganad; 5 »00y5 a8 iy
uﬁ)f 0 Y
@L’m

1. D. S. F. Silva and J. B. Boisvert; 2014 “Mineral
resource classification: A comparison of new and
existing techniques,” J. South. African Inst. Min.
Metall., vol. 114, no. 3, pp. 265-273,

2. Fatehi, M., & Asadi, H. H. (2017). Data
integration modeling applied to drill hole planning
through semi-supervised learning: A case study
from the Dalli Cu-Au porphyry deposit in the
central Iran. Journal of African Earth Sciences,
128, 147-160.

3. B. Sadeghi, N. Madani, and E. J. M. Carranza;
2015, “Combination of geostatistical simulation
and fractal modeling for mineral resource
classification,” J. Geochemical Explore., vol. 149,
pp. 59-73.

4. G. H. Blackwell, M. Anderson, and K. Ronson;
1999, “Simulated grades and open pit mine
planning-resolving opposed positions,” Proc. 28th
Symp. Appl. Comput. Oper. Res. to Miner. Ind.
Color. Sch. Mines, Golden, Colo, pp. 205-215.

5. D.S.F.Silva; 2015, “Mineral Resource
Classification and Drill Hole Optimization Using
Novel  Geostatistical ~ Algorithms  with  a
Comparison  to  Traditional = Techniques,”
University of Alberta.



olﬁ.l OIR0 (wIheo Ayl

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

threedimensional model of ore deposit”, Archives
of Mining Sciences 54: 495-506.

Kim, Y. C., Martino, F., Chopra, [., 1981.
“”Application of geostatisticsin a coal deposit.
Mining Engineering 33 (11), pp. 1476-1481.

Walton, D.R. and Kauffman, P.W., 1982. “Some
Practical Considerations in Applying Geostatistics
to Coal Reserve Estimation”, SME-AIME, Dallas.

Willam C, P. 1978. “Exploration And Mining
Geology”, John Wiley & Sons, Inc. 430-432.

Annels, Alwyn E., 1996. “Mineral Deposit
Evaluation: A Practical Approach”, CHAPMAN
&HALL, P. 436.

Hasel A.A., 1938. “Sampling error in timber
surveys”, Journal of Agricultural Research, vol.
57:713-736.

Mabhalanobis P.C., 1940. “A sample survey of the
acreage under jute in Bengal”, Sankhys, vol. 4:
511-530.

Quenouille M.H., 1949. “Problems in plane
sampling”, Annals of Mathematical Statistics, vol.
20: 355-375.

Das A.C., 1950. “Two-dimensional systematic
sampling and the associated stratified and random
sampling”, Sankhya, vol. 10: 95-108.

Drew, k J., 1974. “”Estimation of Petroleum
Exploration Success and the Effects of Resource
Base Exhaustion via a Simulation Model. U.S.
Geol. Survey Bull. v. 1328, 25p.

Zizovié, M., Miljkovi¢, B., & Marinkovi¢, D;
2020, Objective methods for determining criteria
weight coefficients: A modification of the CRITIC
method. Decision ~ Making:  Applications in

Management and Engineering, 3(2), 149-161.

Akram, M., Dudek, W. A., & llyas, F; 2019.
Group decision-making based on pythagorean
fuzzy TOPSIS method. International Journal of

Intelligent Systems, 34(7), 1455-1475.

Tus, A., & Aytag Adal, E; 2019, The new
combination with CRITIC and WASPAS methods
for the time and attendance software selection

problem. Opsearch, 56(2), 528-538.

Diakoulaki, D., Mavrotas, G., & Papayannakis, L;
1995, Determining objective weights in multiple
criteria problems: The critic method. Computers &

Operations Research, 22(7), 763-770.

Haarnoja, T., Zhou, A., Hartikainen, K., Tucker,
G., Ha, S., Tan & Levine, S. (2018). Soft actor-
critic algorithms and applications. arXiv preprint

arXiv:1812.05905.
Park, J. H., Park, I. Y., Kwun, Y. C., & Tan, X;

Y

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

sl igy jl colaiwl b (oo B3 esi Comlad puce palS glp (oSS akS o loils

Natural Resources Research, 20, (4), 207-216.

Soltani-Mohammadi, S. and Hezarkhani, A; 2013.
A simulated annealing-based algorithm to locate
additional drillholes for maximizing the realistic
value of information, Natural Resources Research,
22, (3), 229-237.

Soltani-Mohammadi, S., Amnieh, H. B. and
Bahadori, M. 2012. Investigating ground vibration
to calculate the permissible charge weight for
blasting operations of Gotvand-Olya dam,
underground structures, Archives of Mining
Sciences, 57, (3), 687-697.

Szidarovszky, F; 1983. “Multiobjective
Observation Network Design for Regionalized
Variables”, International Journal of Mining
Engineering 1, pp 331- 342.

Hassanipak, A. A., & Sharafodin, M.; 2004. GET:
A function for preferential site selection of
additional borehole drilling. Exploration and
Mining Geology, 13, 139-146.

R. D. Rein Drikx; 2017, “optimizing infill drilling
decisions using multi-armed bandits: application in
a long-term,multi-element stockpile.

M. A. Cuba, J. B. Boisvert, and C. V Deutsch;
2012, “Evaluation of Infill Drilling in the SLM
Framework,” vol. 2012, pp. 1-8.

S. Soltani and M. Safa; 2015, “Optimally locating
additional drill holes to increase the accuracy of
ore/waste classification,” Trans. Institutions Min.
Metall. Sect. A Min. Technol., vol. 124, no. 4, pp.
213-221.

G. Pan and A. Arik; 1993, “Restricted kriging for
mixture of grade models,” Math. Geol., vol. 25,
no. 6, pp. 713-736.

R. Dimitrakopoulos, C. T. Farrelly, and M. Godoy,
2002, “Moving forward from traditional
optimization: Grade uncertainty and risk effects in
open-pit design,” Inst. Min. Metall. Trans. Sect. A
Min. Technol., vol. 111, no.

C.Wilde, B.J. and Deutsch; 2010, “Data Spacing
and Uncertainty: Quantification and
Complications,” Annu. Conf. Int. Assoc. Math.
Geosci. August 29 - Sept. 2, Budapest, Hungary,
24 pages.

Chou, D. and Schenk, D. E., 1983. “Optimum
Locations for  Exploratory Drill Holes”,
International Journal of Mining Engineering 1, pp.
343-355.

Gershon, M., Allen, L.E., Manley, F., 1998.
“Application of a new approach for drillholes
location optimization”, International Journal of
Mining, Reclamation and Environment 2, pp. 27-
31.

Soltani, S. and A. Hezarkhani, 2009. “Additional
exploratory boreholes optimization based on



olﬁ.l OIR0 (wIheo Ayl

50.

51.

Katowice, 6(1), 200-230.

Micke, A., & Younessi, R. (1994). Magnetite-
apatite deposits(Kiruna-type) along the Sanandaj-
Sirjan zone and in the Bafq area, Iran, associated
with ultramafic and calcalkaline rocks and
carbonatites. Mineralogy and Petrology, 50(4),
219-244,

Pourgholam, M. M., Afzal, P., Adib, A., Rahbar,
K., & Gholinegjad, M. (2022). Delineation of iron
alteration zones using spectrum-area fractal model
and TOPSIS decision-making method in tarom
metallogenic zone, NW Iran. Journal of Mining
and Environment (JME), 13(2), 503-525.

5 e 5 came LagS ol luaige oS5 OV

S U5 oles byl s5ldoe

ff

47,

48.

49,

oM s doo ¢ ilalys plo g

2011. Extension of the TOPSIS method for
decision making problems under interval-valued
intuitionistic fuzzy environment. Applied

Mathematical Modelling, 35(5), 2544-2556.

Ren, L., Zhang, Y., Wang, Y., & Sun, Z; 2007,
Comparative analysis of a novel M-TOPSIS
method and TOPSIS. Applied Mathematics
Research eXpress.

Celikbilek, Y., & Tiysuz, F, 2020. An in-depth
review of theory of the TOPSIS method: An
experimental analysis. Journal of Management

Analytics, 7(2), 281-300.

Roszkowska, E, 2011. Multi-criteria decision
making models by applying the TOPSIS method to
crisp and interval data. Multiple Criteria Decision
Making/University of Economics in



