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Abstract: The core of this paper is to put forward a new method of investment decision-making and apply it to the
practice of mine investment. Taking the net present value as the objective function and the prediction of price and cost as
the center, the method has combined the fuzzy interval grey prediction method with the geometric Brown motion stochastic
process together. The transformation method of fuzzy number to interval grey number is given firstly. Then, the grey interval
prediction model is established based on the idea of forecasting the upper and lower limits of interval sequence respectively.
To obtain operating cost, key Brownian motion coefficients are obtained by path matrix, combination experiment, visual
comparison and manual analysis. Finally, through a copper investment project, the proposed method based on fuzzy interval
GM(1, 1) prediction model and Brownian motion stochastic process theory is used to predict the metal price and operating
costs successfully. As a result, risk assessment of metal mine is realized and feasible decision-making is formed.
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EJEST, P HRAT (1 B R AR i ) L) A5 Bz Bldk A7
RIS BRI 12, S8 5, AT BOBI1L IX (A1 4b A 345
F20204F 22 20244F 18 8 A, RS 2L AR,
B, KSR FIR AR BUE B ARREL(31), TR
LRI

Toib 1R B )48 7 B Ak B, B AT BiE
NG B AR B A e B A T X TAME
GM(1, V)TRMIAR Y, DA 2500t H gk AT 4b BEFN AR 30, SR J5
R X AR B TE . RTHIZE HALFE = A A
FRIVRSEAA X [1) 502 e Ry B A 3 SR S

3.2 BB
321 R

ZAL AN TE 1 R I RO, B 1 5 ) XU

IR R I BEALE, BN 3 41
{PiNf(:U’ivO-i)7 i:172a"' an}a (32)

A RRIIA, 0,877 72, nZBZomi I IRSS A RR.

MREE BEA] AL, AR BR A IEZS 3.

SRIG, ARYE B L, SPNAS EEAT ORI AR FE, RIKE P
ZHRINATE R — D Z MBI (a1, azi, az) KL
L, X FIRNEZR A Z)95% I BAF X 8],
= Wi, Q3 = p; +20;.  (33)
H N Ra; 5 R as 59 MNS5% o i R A E R4S
B, ao TR BN, TR A,

ay; = Wi — 205, Qg;

3.2.2 X[EHEE#H
BT e B3, BN P = AEEUT 5 (a1, agi,
;) e X [ E 751
Bi

Py ~A{[Py, Pyl = {lazi — %,a% +31 G4
1 10

Q= g — a1 = i — (i —

Bi = azi — ag; = (i + 20;)

3.3 Yrig s
Fo OB X [RIGM L, 1) TN, X4 45 g 0 4%
HATHLA FNTRM. 45 HV8R 48 0 se s i a A X,
FHIAEL A REE . B, DA A SO IER, Yo A R4 4
JEAN AT T, B REAR LR
1) W%, FATEEAR A B, SE R B = A A
TER I A 480 K BABORY IX [ B )8 4. B S AR (2012 ~
2016) & B AS, LAA A I E A AR EE S, SN
2. JE, IR N I E i FAr e Z oy, 0 =
2012 ~ 2016. $ZIE(33) AT = MBI, 15 2]
=B E (a1, g, as), XN R EE I ESATR. 98
J, A T (34) 4G AR IX ) %
®p(0) _ {[H(O),Pu(o)]} _
{[45.236, 52.056], [40.836, 50.188], [41.154,
47.074],[43.381,46.197], [45.279, 49.699] }.

2Ui) = 20’1‘,

— Wi = 20;.

ua(x)

DN al 1

50 52 54
rag / (6 -kg)
—=—2012 e 2013 —a—-2014
——2015 —— 2016

5 2012~20165F 4 B R A% i = IR
Fig. 5 The triangular fuzzy numbers of copper metal prices
from year 2012 to 2016

2) HHEFES PO 1-AGOF4:
QP = {[Pl(l),Pu(l)]} -
{[45.236, 52.056], [86.072, 102.244], [127.226,
149.318],[170.607,195.515],[215.886, 245.214]}.
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% 2 2012 ~ 20165 & &R0 i LML 5 T3 (f, — TFN; — INT,), AR IR IAG B 547
Table 2 Processing and transformation (f,; — TFN; — INT;), simulating and error analyzing of the
historical copper prices based on fuzzy interval-valued GM(1, 1) model from year 2012 to 2016

4

VEEx i
2012 2013 2014 2015 2016
1H 49952 52.635 44.110 45315 46273  BORBRVE: % 147™http://www.cul68.com;
2H 49473  50.801 42.655 44301 46.506 HiE CEIAME AL TR,
3A 50492 45510 48370 44.535 47.013
4H 50.854 47.505 46970 46.205 47.917  Yrk&ishny BRI K KA
5H 48712 46.600 44385 45219 48.095 1) EFEEHEUCK
6H 49771 44.650 44.877 45712 48739 2) EFEFL;
7H 49435 47250 45.101 44.068 48.781 3) HENSIHA;
8H 50.013 46.105 44.055 44.876 48739 4) EFxHOLBEGE
9H 50.146  46.255 44370 45.698 49.150 5) {fEEEAIE,
104 49.003 45710 44959 45246 48479 6) m4MEETY;
11H 49.525 46355 45900 45.691 49452 7) EFUKF
12H 50.021 45472 45459 46.238 49.575 8) WIHAIFIAEE.
foi W
1 49783 47.071 45.101 45258 48.226 1) ¥JfH;
o 1705 2338 1480 0704  1.105  2) ik,
TFN; =TI
ay; =pi —20; 46373 42395 42141 4385  46.016 ”/‘(“)1
agi = [t 49783  47.071 45.101 45258 48226
asi = ji 4+ 205 53.193 51747 48061 46.666 50436 i~ N(ui,0i) =
o =B 3410 4676 2960 1408 2210  TEN; ~ (a1, a2, az:) 0
INT; ~ @F% = A", P X {5
Pl 45236 40836 41154 43381 45279 qpN; — 0P — [ay; — Y ays + 2]
Pl 52056 50.188 47.074 46.197  49.699 ' 3 3
B 45236 37552 37292 37.025 36752  [IXIRIZHHA:
PO 52056 51384 52758 54123 55478 P = [p" pO)
&P 48646 45512 44114 44789 47480 &P = (P” 4+ PW)/2, X = 0.5 (ML,
&P 48646 44468 45025 45574 46115 &GP = (P 4+ PW)/2,x = 0.5 AL,
& 0.000 1044 -0911 —0785 1374 & =06P" &P,
lei] 0.000 1.044 0911 0785 1374
A; 0.000 2293 2065 1752 2893  A; =|ei| x 100/&P)
51 1.8987 A {&P©), i = 2012 ~ 2016} ifI45HES,
so 0.5096 FH{ A, i = 2012 ~ 2016} [AIbrHER,
Tstd 0.2684 FWAE so/s1.
3) MR A7)H H e — 3 T7E, KEGM, 1) —1336.038 + 1380.4 cos(0.013546(t — 1)) +
TR ) e R a AR EAE - &b, 8580 F: 2783.6 5in(0.013546(¢ — 1)), (35)
o |2 _ [lana| _ [[-0.0367, 0.0050] FRAIR(0), A5 7]_EBRAGI TR
b (b1, by (37.9393 49.0326] ()
2" (t) =
4) Kfla, bUCAIN(19), 13 DX ] T BRI [ . 7587.860 — 7551.7 cos(0.013546(t — 1)) +

(1) = 3745.05in(0.013546(t — 1)). (36)
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540 EYES
SR T 25 = 1,2, - -+, o, DUAERX PRV
BY(i+1) =

—1336.038 + 1380.4 cos(0.013546i) +
2783.65in(0.0135461),
PW(i41)=
7587.860 — 7551.7 cos(0.0135464) +
3745.05in(0.0135467),
He: BV(1) = PY(1), PO(1) = PO(1). FHilt, &
JFAE A
(1) = P (1),
P(1) = PO(1),
Al(o)(i + 1) =
37.833 cos(0.013546i) — 18.443 %
sin(0.0135467), i = 1,2,--- ,n,
PO +1) =
50.036 cos(0.0135464) + 102.637 x
sin(0.0135464), i = 1,2,--- ,n,
i =1 N2013FEHZRE5MHE, i = 2 82014 FEHZRE5H,
WRIREAE. 20124 2201644 4% [ AR AL i 35 0 ¥l 6 fir
7 R PY = (PO, PO IR 5 PO
BRAEFEI P 2 Wi X 2 R A ks BT FT B
HE. X[a PO = [P, PO RIRE R 51 BV F0 E
BRAEL 51 PO 22 11X 1 2 - B AR BT A T REFRTER
1.

60 T T T
55
— %
% 50
-
R 45%
£ 4
35+ .
30 1 1 1
2012 2013 2014 2015 2016
L/
— P(l(?) et PO —e—p©
T ur 1
P PU oY

K6 2012 ~ 201654 e @M X Al{E b PRI S
Fig. 6 Variation tendencies of copper metal’s raw and

simulative prices from year 2012 to 2016

5) HJa, BT E AKX R ) AT
&P = {48.646,45.512,44.114, 44.789, 47.489}

BRI X (] 407 5]
QPO = {48.646,44.468,45.025,45.574,46.115}

Z IR ZE, 9ERZE TS {e;, i = 1 ~ b}, AiXHRAZE
5 |e: |} SHIXTIRZFHI{ A, }, T BT, o)
DB 22 B A8 AR AR S 38 2T e /N B, 1 B X
& JE@ M RS RSSO B S BONER AR, JLoK, Rt g
FH{& POV b2 s, 5 FEHI{ A Y IIbRHEZE s, I
HEH Al gq = sof/s1 = 0.2684 < 0.35. CHER[17]
T, 249 LU /N T-0.350F, TR AUR /TR A “ 1
757 IXHAIE T GM(1, DA A m AR 2

6 T T T 6

5+ —o—¢g;
T —— gl
‘ 4+ 1 14
_&D 5k ——A; S
5 2F ﬁ\*\‘}/— 2 frEH
~ oK
B 1+ '-\\)KNK//A 12'
o =

0 0 X
® -1r =
| |-
N

31

-4 1 1 1 =

2012 2013 2014 2015 2016

£/ 4

K7 2012 ~ 201654 AR 2 L AR iR 22
Fig. 7 Absolute and relative residual error of copper metal

prices from year 2012 to 2016

6) T H 2020 4 25 2024 FEARE RN #E IIMHE. B
QPO (i+1) = [BV(i+1), PO (i+1)](i = 8,9, 10,
11, 12), 19312020 ~ 2024F-& @& FITME 751

{@PO>i+1),i=8,9,---,12} =
{[35.591,60.792], [35.285,62.094],
[34.972,63.384], [34.652, 64.662],
[34.327,65.929] }.
S B OO A, R BLDX TR T 40 B BRAE S T BRAE
BIRFMAIES, X IERB T ARRM LA
ENE. T H - BR A ZIME R 8 5 T BR P B B o )
ANGREN, SN T FRIABE AR () A .
34 BRI

Gligoric 45 i 7 —Fh & J@ A F I a BITHE 2

ﬁl”]
R,=Q-P-(re —mm) G- Mir, (37)
Hrb r ROKEN &R S &, BAL %; r, K& )E ]
W, BT %y MR IR, BA7: %; Had
re —0.08, (r. — 0.08)/r, < 0.85,
Te—Tm =
0.85, (re — 0.08)/r, > 0.85.
(38)
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i E AR, PA B AP BT SR QA
PR X 1R 4, L R B 3 W] R R o M =
[My, M), FARIZRR TR B, R Arudos XA _EFR;
FE B ECRE RN A, = [P, T 5.
MRV &8 & &r. = [0.47,0.52], K4 [1]
W # M = [0.75,0.80], % J& ik G = [0.042, 0.05],

HA K 5Q = 100000 ¢, WA H K37 A (38)1H
B H12020 ~ 20248 W T X [BE R, FF4445
WA

Ry =

{[84.085,217.300], [83.361, 221.952], [82.621,

226.563], [81.866,231.133], [81.097, 235.660] }.

%3 2020 ~ 2024 & =5 LN
Table 3 Annual revenue of the copper mine from year 2020 to 2024

Fpry 2020 2021 2022 2023 2024
Pi(o)/(ﬁ} kg™  [35.591,60.792]  [35.285,62.094]  [34.972,63.384]  [34.652,64.662]  [34.327,65.929]
Ry/EHJiJG [84.085,217.300] [83.361,221.952] [82.621,226.563] [81.866,231.133] [81.097, 235.660]

% 4 2017 ~ 2025 F R A G970 BiE HEEME R L 44 f; — TFN; — INT;
Table 4 Simulation and its transformation of costs from year 2017 to 2025 (f.; — TFN; — INT};)

2017 2018 2019 2020 2021 2022 2023 2024 2025
T EY P 1.1662 1.0960 1.1546 1.1288 1.2400 1.2590 1.2367 1.0977 1.1087
(LX) SEI=Y) 1.1909 1.2473 13068 1.3086 1.3080 1.3757 1.4020 1.4031 1.3578
FRALLAT 53 1.1946  1.1824 1.1242 1.2436 1.2073 1.2560 1.2046 1.1679 1.0935
P A198 1.1539  1.1546 12123 1.1681 1.0585 1.0668 1.1362 1.1008 1.1875
FERLT 1199 1.1981 1.1604 1.1906 12772 12764 12537 14521 1.5353 1.5886
BT A100  1.1365 11498 1.1390 1.1823  1.1290 1.1956 1.2848 1.3286 1.3701
fei ~ N(ps,04)
i 12031 1.2136 12455 1.2535 12660 12743 1.2838 1.2985 1.3229
o 0.0606 0.0816 0.1023 0.1166 0.1323 0.1416 0.1512 0.1662 0.1755
TFEFN; ~ (a14,a2;,03;)
a1; = wi —20; 1.0820 1.0503 1.0409 1.0203 1.0015 0.9910 0.9815 0.9660 0.9719
asi = Wi 1.2031 12136 1.2455 12535 12660 12743 1.2838 1.2985 1.3229
as; = wi +20; 13242 13769 14502 1.4866 1.5305 1.5576 1.5861 1.6310 1.6739
a; =B 0.1211 0.1633 02046 0.2331 02645 0.2833 03023 0.3325 0.3510
INT; = 20 = [0, 0]
Cl(io)(fu kg™h) 11627 11592 11773 11757 1.1779 1.1799 1.1830 1.1877 1.2059
cﬁ?)(fu- kg™!) 1.2435 12680 13137 13312 1.3542 13687 1.3846 1.4093 1.4399

FAS T
W26 72 A DI BN S0 BOAS TR RN ) .
ASCAEHS AR () SEaE T, B A5 B ik
B TER RS EF R B EGEA G, =0.01,0 =
0.05. £ % iz s A IIES, = 1.270/kgMI AT T,
PAT TOOTRAEIL, K 1FEII2017 ~ 20255 [ A A7 B
18 Z AL % AR n] ML, {8 FIMATLABZ: i - &8, wJ
LB Hig B A s s m HiERg, &R R )
“H0.0313, A A B2k 77 2 Ny = 0.03132 + 1.2, H
A A120244F L BUE ik £90.2570, 2 1 A HL T
kiR R, B SRA UL B Sk 3, Bk

3.5

1878 AR Dk % . (EAERE AN 2 Bl G T AR A 3=
(RIEEME I — e MR sl B8 Eil& gLy =
0.0837x + 1.33F1 Ml & B4 Ly = —0.01252 + 1
Z AR e T AR BN X A]. SR )5, FHX 1005
B ERAE T BRI R4,

RJE, RO A AR S oy bR ZE 0y, 1 =
2017 ~ 2025. %8R (33)FAT = MBI AL EE, 133
AR B (ay;, as;i, as;), KRR JE EE9RTR. AR
S, MR 2 (34) e i U ASR X T2

®RC® = {[01(0)7 Cu(O)]} _
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{[1.1627,1.2435], [1.1592, 1.2680], [1.1773,
1.3137], [1.1757,1.3312], [1.1779, 1.3542],
[1.1799, 1.3687], [1.1830, 1.3846], [1.1877,

1.4093], [1.2059, 1.4399] }.

FEAZAGRN X (A1 H S 1 SRR A5 2 P REAS M bt
ZEF = SR — sk T R4,

T
#=0.01
0=0.05

Y=0.0837x+1
1.6

1.4

12

A /(6 -kg ™)

1.0

0.8

B

Yy

1
20
t/

1
2017 2018 2019 2020

21
e

2022 2023

K8 pu=0.01,0 =0.05,5 = 1.204H &S E T WA B A 1 1004 B R 1%

Fig. 8 100 simulation paths of Brown motion under the combination of parameters ;+ = 0.01, o = 0.05 and Sp = 1.20 on costs

from year 2017 to year 2025

T T T T
1.0
0.8
3 0.6
=
<
04
02+
0.0 ""l" ] I et a
1.0 1.2 1.4 1.6
JEAS /(TG -kg™)
—=—2017 *-2018 4—2019 v— 2020
2021 <2022 »—2023 2024
——2025

9 2017 ~ 2025 RAS I = MBI AR
Fig. 9 The triangular fuzzy numbers of cost simulated by
Brown motion from year 2017 ~ 2025

%5 2020 ~ 2024 &~

PR RILE TR BN Q = 100000 t, 1 FFR AR
WG BT 7518 8 A I QCO), Bt AFIE & A THE
~HN

@C, = Q-0 = Q- {[a",C, ).

s Q18 52 2020 ~ 2024 41878 BRA K TINME 751
{[1.1757, 1.3312], [1.1779, 1.3542], [1.1799, 1.3687],
[1.1830, 1.3846], [1.1877, 1.4093] MR N A H(39)15 2
BRSPS E A

®C, = {[117.574,133.115], [117.786, 135.420],
[117.988,136.874],[118.303, 138.456],
[118.766, 140.932]}.

BE Rl TR,

(39)

A LIE R A

Table 5 Operation cost of mine from year 2020 to 2024

2020 2021 2022 2023 2024
CylFiJi7G  [117.574,133.115]  [117.786, 135.420]  [117.988, 136.874] [118.303, 138.456]  [118.766, 140.932]
3.6 TERBKR BT, Bl TRerh. WEFHEIUEE A

15 SEBRVEAG o A i R o, AR A 1 B MK 52
18, B8 T BIR [EANME A1, 6B R AR S B IR 2R,
RT3 R EL + r RN — A3 K EUE )T 5.
ANWHE2020 ~ 20245 T H 2 EUE U
®r = [r,ry] = {[1.01,1.06], [1.12,1.20],
[1.20,1.30], [1.30, 1.42], [1.40, 1.55]}.

QRy; — ®CYy;
1+ ®r;
HHEAE], AR, AN “H L.
FRIER G DT H 20204 22 2024 R AR IUE,
AN “ETT .

- 20204 IUE A

PV, = ,1=1,2,3,4,5 (40)
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Table 6 Discounted cash flow of mine from year 2020 to 2024
2020 2021 2022 2023 2024

Ry/H /it [84.085, 217.300] [83.361, 221.952] [82.621, 226.563] [81.866, 231.133] [81.097, 235.660]
Cy/HiTt [117.574,133.115] [117.786, 135.420]  [117.988, 136.874]  [118.303, 138.456]  [118.766, 140.932]

Ry — Cy [—49.030, 99.726] [—52.059, 104.166] [—54.253,108.575] [-56.590, 112.830] [—59.835, 116.894]

RS [1.01, 1.06] [1.12, 1.20] [1.20, 1.30] [1.30, 1.42] [1.40, 1.55]
IUE/BETiL  [—48.544, 98.739] [—46.481, 93.005] [—45.210, 90.479] [—43.530, 86.792] [—42.739, 83.496]

®NPV 3020 = [NPV00, NPV3 ] =
5~ ©hyi — ©Cyi
i=1 14+ ®r;

[—48.544, 98.739] — [80, 120] =
[—168.54, 18.739),

_®[:

L NSE RN
@NPVgg20 = ANPV o0 + (1 — A)NPV3
B\ = 0.5, B EUERE A6 E
®NPV g9 = —74.9025.

- IR TSR 2021 ~ 20244F 4 FIE

®NPVy02; = [—215.030, 111.740],
@NPV000 = [—260.235, 202.223],
@NPVag03 = [—303.765,289.015],
®NPV004 = [—346.500, 372.510].

[ERE, 152N = 0.50 IXME AL, KRN

@NPVyp0; = —51.6405,
®NPVy000 = —29.006,
@NPVypo3 = —7.375,
®NPVy024 = 13.0035.

A EBIE 10FTR.

T
20 18.004

13.00]
o i |
0

R ~1.375
o .
Iz 20 .
= 005523
= 0 0o 7
¥ o -51.64 |
B NPV
—301/4.9 [ JAHP-TOPSIS |
_§023 L I 1
2020 2021 2022 2023 2024

/4
10 2020 ~ 20244 4 F BUE AL
Fig. 10 Variation tendency of annual NPV from 2020 to 2024

MET0F LLE H, 7E B ATA SR AT, ABUR 54
W ARBURE LA T, T UMLE NIRRT, SR
B AERAE100 000 t, H T 5554 = AEFFUR IR 2 7T BASK
L. ARSI RS, SR & 2508 T i <
J R KT RIS R A R TS AR
A 3B A I B) L BT IR TR B L TR
WA Z MR, LR T GM(, DTN E A
BHIZ ZRAIALE, B T LANPV A H AR e B 58 o
K.

2 G R L T BEAT 1B AT A S 418,
THEAS 22 o0 Mridi—1a i PR AR AP J7 7 (analytic
hierachy process—technique for order preference by
similarity to an ideal solution, AHP-TOPSIS) 2 & &
TR FE (110). K ILAHP-TOPSISZ & J5 2%t
TR R 2R 75 & AN 41 2 T SN 7 51 AR
2, gl T4 IR M BLE A R4, AR
TR ST IR R, AT EUE R ST . (R R T 54
H TR EE 02 — B, BRSO AT AT HY.

3.7 RS

SO RIS K TTVE RA B W] R R RHE
B H, TR A LU JLASJT 1 :

1) KM TR EBGM(, DT LR, X 2 %4
AN A5 B 50 O SR B R S S HURREALL S TN, T A%
GG iR 2D 7 30 R

2) K TR X LR I8, SEEL T BTE S50
WX AR, 25 T BA BB R RS U R g0k
JiiE, WOR T RN S AR

3) KM T LA AT Wiz 3h B BEALE R AE S350
T H 38 E A AR, 0 AT 3l SO Bl Bk AR 45
HH 1 TR AT T ST TR AR

4) Bo T 5 NTEBIMSE, s N
THERERENEAR S &, I ALGM(L, 1) TR R 45
K S S HE B B e TRRS B2 1) H .

4 45ie
ST B3 T, AT
1) 4 T — RO ECR A S A AR 1 T i
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CABEOYEERS, SR TRt B X TRIGM(1, 1T
TUELLE, E RO ST ASORA [X 18] 22 L 55 (1 TN e
e 1R XA b T BRAR AL 20 ) T, T b
1 7R AREOE B SR AR X X [R) A2 ika 35 ) EL 4%
TR, T AR R SR H AT BCA VI SE T AT I se 7
.

2) KM T ATIEshENLIZZhSEEL 7 I H 2 E
FRAASA R AR, T IE B 45 € A g s 77 e
(12 B2 A T S R SR . A SCAE B VRAR T 1)
fith b, 3 I A 07 SRR A, KRS (R S A S
B ARG T TRT IR R AT AL HA, BETU A E 145
BAB S ENRAGHAS.

3) LURB BB R FNB, 45 T )@y L5t
R R G 5 LM IE. RS, 5675
JE T ARG R B e R AR SR IRICR L kel
EIREE TR IR I8 E A RIEE) . 1T
RIS 1) B A S AT DR i) sh 5 2 T IR 3R 56K
TGM(1, DT AU A WIZ SO, SEI
T VNPV HARBR BB .
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