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Case-Based reasoning evaluation
model of coal resource mining rights

SHAOHUI ZOU??, ZHILI DING®?, JINSUO ZHANG?®

Abstract. Coal resources will still play a significant role in the evolution of China’s energy
structure in a long period of time. With the rapid development of coal resource mining rights
market, case-based reasoning (CBR) evaluation method becomes more and more important. Cur-
rently CBR evaluation method of coal resource mining rights (EM-CRMR) can’t solve some key
problems including the criteria of case selecting, the set-up of similarity model. Based on CBR
and modern statistical theories and methods, this paper reveals the basic principle of case-based
reasoning EM-CRMR, defines some important concepts such as attribute index, attribute strength
function, underlying asset, case assets, and case similarity. Then it establishes the criteria for se-
lecting cases and the similarity model under the known attribute strength function. Finally, it sets
up case-based reasoning EM-CRMR and its application process. In addition, a real case of coal
resource mining rights was used to study the application of this model. The results indicate that
the price got by using case-based reasoning EM-CRMR is very close to the final bargain price.

Key words. Coal resources, mining right, case-based reasoning, case similarity, attribute
strength function.

1. Introduction

The key to building the internal driving mechanism of optimal development and
utilization of Chinese coal resource is that coal producing enterprises can be encour-
aged to get resources in public market through fair competition [1]. Coal resource
mining rights refer to the rights to exploit coal resources and gain exploited coal
products within the range permitted by a lawful mining license in China. Case-
based reasoning EM-CRMR refers to a method in which the final deal price of
similar coal resource mining rights which was dealt or evaluated is to be adjusted to
determine the value of the coal resource mining rights awaiting for evaluation. The
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theoretical basis of case-based reasoning EM-CRMR is CBR theories. Each time
when a new problem is solved, new experience can be gained and applied to next
new problem [2]. The present researches on CBR focused on case retrieval technique
and case revision method, in which constructing reasonable case similarity model
is the key to improve case retrieval quality and case revision [3, 4]. Kaoru Hirota
and Hajime Yoshino used fuzzy theory to represent fuzzy membership function of
case attribute index and then built case similarity function, which laid foundation
for the solution of uncertain problems in CBR [5]. These researches [6-8] promoted
the application of CBR theories to the decision-making of coal enterprises’ operation
and management.

Compared with the researches on management decision-making based on CBR,
the researches on assets evaluation method based on CBR are mainly focused on real
estate evaluation and building cost prediction [9-11]. However, there are so many
fundamental differences between real estate and coal resource mining rights in many
aspects, such as value attribute, value content, value factors, case description and
so on, that real estate evaluation method based on CBR can not be applied to the
evaluation of coal resource mining rights directly [12]. It is the precondition of case
retrieval to correctly describe the relation between attribute index of coal resource
mining rights and bargain price of coal resource mining rights under case-based
reasoning. Previous studies have shown that the distance retrieval algorithms based
on membership function of attribute index often have some inherent shortcomings,
such as large data requirements and long retrieval time [13, 14]. Therefore, this paper
firstly sets up case retrieval method and case similarity measuring method based on
the attribute strength function of coal resource mining rights which can minimize
above deviation, and then puts forward the case-based reasoning EM-CRMR.

2. Methodology
2.1. concepts definition

Suppose P is the bargain price of coal resource mining rights, y;(i = 1,2, ...,n)is
attribute indexes, n is the number of attribute indexes, Y is vector of attribute in-
dexes and is represented by vector Y =(y1,y2,-..,4,)7 . The function P=f(Y)=f(y1,y2,- - - ,Un)
is called attribute strength function of P and Y. According to the statistical test
results of practical application, the relation of P and Y shows obvious linear rela-
tionship. Thus, the relation of P and Y can be represented by:

P:d0+2djyj (1)

In this equation, P is the estimation of P, a; (j=1"n) is attribute coefficient
or attribute factor, and G; is the unit attribute value of mining resource rights
price. SM is used to represent the coal resource mining rights waiting for evaluation,
Ps is the market price of SM, Y; represents attribute index vector of SM. The
vector consisted by n attribute indexes of SM is Y; = (ysl,ysg,...,ysn)T. CM is
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used to represent the case coal resource mining rights which are similar to SM
and their prices are predictable or available. P.is market price or evaluation price.
Y.is attribute index vector of CM. The vector consisted by n attribute indexes of
CM isY, = (Ye1, Yeo, ...,ycn)T. Attribute indexes used to describe case in case base
is consistent, the number of SM and CM attribute indexes should be the same.
Suppose C,={CM; |i=1"m} is the set of alternative coal mining rights observed
and gained by evaluators in transacted or evaluated coal mining rights, m is the
quantity of case mining rights, the observed and evaluated price corresponding to
CM;isPei- Yei = (Yi1, Yo, ...,ym)T. The matrix of m case mining rights attribute
index values is Yo, = [(Yci)T]mXl = [Yijl,xn- S is the case similarity of SM and
CM,S > 0,5 S(CM;,SM) = 1.

2.2. model description

Suppose P=f(Y)=f(y1,y2,---,Yn) in equation (1) is a known function, which
means it can be obtained by linear regression method. Substitute the attribute
value of SM into equation (1)and then the estimated price of SM is obtained:

n
Ps=&0+2&jysj (2)
j=1
It’s the simplest model. But since a;is based on similar cases, the evaluation
price by equation (2)will cause bigger error. The price of SM should be a weighted
means with case similarity. At last, the final estimated price of SM can be obtained
the following model.

M
Pe=)"SiPu (3)
i=1

In this equation, M??M <m??is the number of CM in optimal or quasi-optimal
case mining rights set Cpof C,. Cj is the subset of C, Ps;(i=1,2,..,M) is the adjusted
price of SM which is estimated by means of case mining rights CM;. If CM; is
identical with SM (Y; = Yz),Ps can be represented by P.; (Ps = P.;). Nevertheless,
since CM; is not completely identical with SM but just similar to it (Vs # Yei),
Psis possibly greater or less thanpP.;. A P; is the deviation between P.; and Ps,
Ps = P.i+A P;. AP, is caused by the difference between attribute indexes (Y, and
Y.i). So A P; is actually the price difference between two mining rights caused by
the difference of two mining rights attribute indexes. No matter which one it is
SM or CM;i=1"m, their attribute strength function both have the same regression
coefficients @;(j=0"n).Therefore, Ps;can be determined by the following equation:

Jj=1

In this equation, Pis the price of CM;, and Z}l:l a; (ysj —Y;;) is equal to A P;.
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2.3. case selection criterion

Due to the differences between CM and SM, the final price of SM estimated by
any subset in alternative case set C,={CA4; |i=1"m} according to equation (4) will
have some deviation from its expected value. Any rational evaluators would expect
that such a deviation can be as smaller as possible. Therefore, the smallest deviation
between the final estimated price of SM and its expected value can be the case se-
lection criterion. Because P.;anddjare random variables, Py;and Pare also random
variables according to equation(3)and (4). Variances?(Ps) can be used to measure
the deviation between the final estimated price of SM and its expected value. So
the case selection criterion is simplified as the smallest variance criterion of the final
price of SM. Since P, is a random variable, &Q(PS) can be used to represent the
deviation of P, from its expected value. According to the definition of random vari-

able variance, we can get6*(P,) = E [P, —E(PS)]Q. Substitute equation (??) into
it and supposeM = m, and we can geté*(P,) = B[S0, S Psi — B, Si P
which can be further evolved into

m m m
G2 (P)=>_ 8767 (Pu) + > Y Si Sjcov(Pai, Poj) (i # §) (5)

i=1 i=1 j=1
In this equation, S;(i = 1,2, ..., m)is the similarity of CM;, 52 ( Ps;)is the estimated
value of variance 0?(Py;) after SM adjusts the pricePs;, cov(Ps;, Psj) (i # j)is the
estimated value of the covariance cov(Ps;, Ps;) (i # j)of Ps; and Ps;. When i=j,
the estimated value of covariance of Py; and Ps; is their variance estimated value
(cov(Psi, Psj) = 6%(Psi) = 6°(Ps;)). Equation (??) can be represented by the

following matrix form

5*(P,)=STD(P)S (6)

in which S = (S1, 52, ..., Sm)” is the vector of case similarity, D(P)is the matrix
composed of variance and covariance, also

&Q(Psl) Cav(Pslv PSQ) Cév(Psla Psm)
Cav(PsQa-Psl) 5—2(P52) Cév(R@27Psm)

D(P) = (Dl = - ; : : @
coV(Psm, Ps1)  €OU(Pspm, Ps2) e & (Psm)

Obviously, S;(i = 1,2,...,m) is an unknown variable. Since the adjusted price
Ps; of SM is definitely somewhat deviant from its expected value E(Ps;), which can be
measured by the variance of Py;, 02(Ps;). Then we can geto?(Ps;) = E[Ps; fE(Psi)]Q.
Substitute equation (77) intoo?(Py;), we can get

2

o (Pai) = E[(Pei+ Y a; (yy; —¥ij) — B(Pei+ Y a; (y,; —Yij))] (8)
j=1 j=1
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which can be further introduced and simplified into

n

n o n
Psz Z Z ysk yzk: ysl yzl)cov(akv CLl +2 Z ysl yzl)COU(Pcu Cll) +o (Pcz)

k=1 1=1 1=1

(9)

If the estimated values of these three parameters,o?( Pe; ), cov(ay, a;) and cov(Pe;, G;)

can be obtained, we can use equation (??) to calculate the estimated value of o2( Py;).

The calculation of 02(P.;), cov(i,d;) and cov(Pe,a;) can be solved by means of

mathematic statistics. Because Py; and Ps; are estimated by equation (??), the
estimation cov(Pyi, Ps;) of cov(Pr;, Ps;) is

n n
cov(Pii, Poj) = co0(Pei + 3 ak (g, — Vi), Poj+ > ar(yy —Y5)  (10)

k=1 =1
The observed price P; (i =1,2,...,m) of each CM is distributed independently,
so the covariance between them is zero (cov(Pei, P¢j) = 0 (i#j)). Because on the
linear assumption every case asset attribute factoray (k = 1,2, ...,n) is identical, and
ar and P.; are mutually independent, cov(P.;, ;) = cov(Pej,ar) = 0. Substitute

them and equation (4) into equation (10) and then simplify them, we can get

n n
COU(P817 Psg Z Z Y — yzk ysl - yjl)66v(dk:a dl) (’L 7& j) (11)
k=1 1=1

Equation (11) is the estimated formula of the final estimated price variance of
SM. On the basis of equation (11),

this paper proposed the following case selection criterion:

Stage one: according to the estimated value 52 (Ps;) of variance Py;, evaluators
should select the case mining rights with smaller 5°(Py;) from alternative case set
C,={CM; |i=1"m} to form an optimal case mining rights set C,={CA4,; |i=1"M}.
Specific principles are:

a. if 5% (Py;) are all smaller, all case mining rights in alternative case set C,={ CM;
|i=1"m} can be selected in principle. But due to the cost, both the dates of case
mining rights transaction and mining rights evaluation should be taken into account
for selection. In another word, the CM with smaller 6%(Ps;) and closer date to the
evaluation date of SM should be selected.

b. if 52(Ps;) has clear sizes, the case mining rights with biggerd?(Py;) should be
removed and the rest ones should be selected. If the rest CM has a large quantity,
we can select the CM with smaller 6°(P,;) and closer date to the evaluation date of
SM.

c. if &2( Psi) are all bigger, it’s necessary to readjust and select alternative CM
set.

Stage two: select the optimal case mining rights set from quasi-optimal case
mining rights set C,={CA; |i=1"M}. It means if there is a case subset &) corre-
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sponding to its case similarity vector §*) which makes
T
6*(P{”) = min{(s")" D(PV) 5V} (12)
the case subset (i) is the optimal case set in which l:lNZij\il(M!/i!(M — ).

2.4. case similarity model

According to equation (12), if the similarity of the cases in Cél) makes 62 ( S(l))
the smallest the case subset, CIE*) corresponding to §*) is the optimal case set, §(*)
is the similarity of optimal case set. In order to get the solution of §*)??suppose
the number of case subset C’él) in quasi-optimal case mining rights set C, is M
MY < M, Cél) ={CM;,CMs,,...,CM,,u} the case similarity vector correspond-
ing to C’lsl)isS(l) = (S1, 52, ey SM(Z))T the adjusted price of underlying mining rights
corresponding to C’él) is PU = (Ps1, Psa, ..., P, Mm)T, and the matrix of variance
and covariance isD(P(®)). On the condition that the last case subset C’él) of Gy
satisfies equation(12), the optimized model can be set up as follows:

Min (MT M)
s 1 - 5" e pp)y A= 5"

st. { D(PD)sO—gAX—A=0 (13)
SO >0
A>0

In this equation, A amd A are Lagrange multiplier and multiplier vector restrain-
ing (S(l))T 0 =1and O >0, ¢ is the unit vector of M x1, A = (A1, Agy ey Agyn)

T . -
0 B0 =0,8" =)0/ 6" D(P) 077and BO = [1 -5 "] D(P) "

I is the unit matrix of M® x pf®. The optimal solution of this model S’(l) =
(87,85, s S;/[(l))T is the optimal similarity of the cases in case subset C’lgl). For the
last case subset of C}, the variance subset of corresponding case similarity vector and
final SM estimated price can be obtained by solving equation (?7?). Among these

variance subsets, there is the smallest variance &2(152*)) definitely. So the case simi-
larity vector subset corresponding to it is the similarity vector of the optimal case set

S’(*) = {57,855, ., 5;4(*>}, and the case subset corresponding to S’(*) is the optimal
case set CZS*) ={CM7,CM5,...,CM7, . }. After solvingS'(*) = {57,535, ""S7\4<*>}’

we can substitute them and P; , i=1~ M) ??corresponding to it into equation (4)
to calculate the final estimated price of SM.
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2.5. evaluation model

The final estimated price of underlying mining rights P, can be figured out
by means of equation (4) after solving the case similarity of optimal CM. Because
Pe?7?7i=1,2,..,M ??is unit price (the coal resource mining right price of every ton of
coal), the calculation model of the total value of the SM is

M n

V= Z.Zsj [Pm.+Zdj (Ys; — Yis)] (14)

i=1 j=1

in which Zis coal resources reserves, and equation (14)is the case-based reasoning
EM-CRMR.

2.6. case application

Coal mine A is located in the western Yuyang District of Yulin of Shaanxi
Province, close to Inner Mongolia Autonomous Region. According to the attribute
properties of coal mine A, this paper selected 10 coal mines of Shenhua Shendong
Group, and 2 local coal mines in Yulin as the research objects of case mining rights.
This paper used expert assessment method (establishing specific grading system
first, and then inviting chief engineers of coal mine to assess it). The results are seen
in table 1.

Table 1. The attribute indexes value of underlying mining rights and case mining rights A for a
trapezoidal plate for different values of taper constant 81 and constant aspect ratios a/b = 1.0,
¢/b=0.5
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Cases | Case Attribute Indexes
SM Prices
or
CcM
Coal Seam | Coal Seam | Ash Calorific | Mining Tons
Thickness Stablility Con- Value Depth of Coal
Y1 Y2 tent Y4 Y5 Profits
Y3 Y6
Case0 7.021 7.180 6.361 6.440 6.819 6.230
Casel | 6.35 7.454 7.577 7.589 | 6.987 6.897 6.586
Case2 | 9.53 6.324 5.637 6.023 | 6.213 6.321 5.547
Case3 | 8.623 6.324 6.857 6.551 6.241 6.324 5.547
Cased | 8.345 7.114 6.745 6.546 6.234 6.211 5.745
Caseb | 9.234 | 5.324 5540 5.513 | 6.030 5.730 7.390
Case6 | 8.203 7.740 7.101 6.891 6.509 6.853 5.922
Case7 | 10.021 | 7.120 6.612 7.249 | 6.870 6.340 5.680
Case8 | 4.115 7.049 6.522 6.470 | 6.190 6.550 5.201
Case9 | 3.874 | 6.060 6.470 6.230 | 6.081 6.790 5.010
Casel0| 4.356 6.578 5.687 6.374 | 6.897 6.532 5.623
Casell| 3.456 7.324 7.547 7.856 4.214 5.241 6.321
Casel2| 3.014 5.241 4.254 4.325 5.324 6.321 4.214

Note: Before inviting experts to assess every attribute index value, we established
standards in advance. The upper limit of every attribute index value is 10.

According to the data in table 1, the attribute function of coal resource assets
(regression equation) is regressed, which is

P =21.72+0.71Y; +2.93Y3 —3.68 Y3 +5.19 Y, —7.99 Y5 +0.25 Y5 +0.84 ¥;

in which ag = 21.72,y = 0.71,a5 = 2.93,0; = 0.71,a3 = —3.68,d3 = 5.19,a5 =
77.99,(96 = 0.25,4\7 = 0.84. The significance of regression equation is tested by
means of statistics F. Whena = 0.01, we can check the distribution list of F' and get
critical value Fg ¢1(7, 4)=14.97 (F=80.22>14.97). So the regression equation above
is very significant. Because whena = 0.01, we can check the distribution list of ¢ and
get critical valuet; _,/2(12 —7 — 1) =to.005(4) = 5.441, t; = 44.324, ¢5 = 50.152,¢3 =
44571,t4 = 34810, ts = 6006, te = 45206,t7 = 4206, variables?h,yg,yg,y4,y5,y6
and P are very evident or relevant to high evidence. It has something to do with
underlying mining rights and case mining rights being in the same region. Since
attribute factor matrix is a; = [(YZy)  v7 Pl;.

The variance of residual and the variance of regression coefficient—covariance
matrix are
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6°(c) =&T¢ /(K —n—1) and D(A,) = |[6%(¢) (YT Y)’l]ij o (i,j=1,.n))

in whichK = 12;n = 7, the estimated value of residual variance iS@'2<E) =
el /(K —n—1) =0.0024. According to these data, variance—covariance matrix

D(A,)of attribute factor
1 A ~ A ~ ~ ~ A~ N\T
Aa = (a’17 a2, az, a4, a5, Gg, a7)

= (—42.824, 4.845, 4.112, 3.338, 1.275, 3.214,1.225,1.252)"

is shown in table 2.

Table 2. variance—covariance matrix of attribute factors D(A,)

D(A.) as as aq as ag ar
a 2.86E-02 | -5.05E- | -2.39E- | 1.60E-01 | 9.81E-02 | -2.96E- | -2.22E-
01 01 01 01
ao -5.05B- | 8.90E+00| 4.22E+00| - - 5.22E400 | 3.91E+00
01 2.82E+00| 1.73E+00
as 2.39E- | 4.22E400| 2.00E+00| - -8.21E- | 2.48E+00| 1.85E+00
01 1.34E400 | 01
as 1.60E-01 | - - 8.95E-01 | 5.48E-01 | - -
2.82E+00| 1.34E+00 1.66E+00| 1.24E+00
as 9.81E-02 | - 8.21B- | 5.48E-01 | 3.36E-01 | - -7.59E-
1.73E+00| 01 1.02E+00| 01
as 2.96E- | 5.22E+00| 2.48E-+00| - - 3.07E+00| 2.29E+00
01 1.66E+00| 1.02E+400
ar -2.22B- | 3.91E+00| 1.85E+00| - -7.59E- | 2.29E400| 1.72E+00
01 1.24E4+00 | 01

Second, the optimal case assets set is selected according to the first criterion in
case selection criteria. By means of formula 62(P.;) = 6%(¢)(1 + 1/K) we can get
the variance estimation of case mining rights priceP.;. Based on the data above,
we can calculate the adjusted price of this underlying mining rights and its variance
estimated value as follows (seeing in table 3).

Table 3. The estimated price of underlying assets and its variance estimation
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Cases The adjusted | The variance | Standard devi- | Ordering accord-

CA; price esti- | estimation of | ation ing to the criterion
mation of | adjusted price | &(Ps;) of  smallest-smaller
underlying &%(Ps;) variance
mining  rights
Ps;

1 8.32 0.045 0.193 7

2 15.36 0.0268 0.157 5

3 14.25 0.0222 0.146 1

4 12.31 0.0242 0.159 4

5 12.54 0.0244 0.152 3

6 16.74 0.0267 0.169 6

7 14.45 0.0245 0.152 2

8 6.32 0.038 0.174 8

9 17.21 0.039 0.197 9

10 18.24 0.0360 0.196 10

11 6.32 0.042 0.189 11

12 7.25 0.046 0.201 12

From table 3 we can discover that the adjusted price variances of underlying
mining rights corresponding to case assets 1, 8 9, 10, 11, 12 are relatively bigger
(above 0.030). According to the first criterion of case selection criteria, these 6
cases can be omitted and the rest case mining rights constitute optimal case set
C,={CAy,CA5,CA4,CA5,CA6,CA7}={2,3,4,5,6,7}

Third, optimal case similarity is figured out. According to the data of Y; =
(Ys1, Ys2, ...,y57)T, Yem = [(YCZ*)T]7X1 = [Yijl7,, and ,the variance—covariance ma-
trix D(P)=[D;j]6x¢0f the adjusted price of underlying mining rights is calculated as
follows (table 4).

Table 4. variance—covariance matrix of underlying assets adjusted price

Dy; Ps2 Ps3 Psa Pss Pss Ps7

Ps2 0.0291 0.0242 0.0293 0.0142 0.0147 0.0178
Ps3 0.0242 0.0142 0.0262 0.0145 0.0172 0.0290
Psa 0.0293 0.0262 0.0217 0.0240 0.0220 0.0329
Pss 0.0142 0.0145 0.0240 0.0242 0.0240 0.0317
Pse 0.0147 0.0172 0.0220 0.0240 0.0114 0.0410
Ps7 0.0178 0.0290 0.0329 0.0317 0.0410 0.0268

In all the subsets of quasi-optimal case set
Co={CA3,CA3,CA4,CA5,CAg,CA7}={2,3,4,5,6,7}, there are 6 subsets consisted
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of 1 case, 15 subsets [=7"21 consisted of 2 cases, 20 subsets [=22741 consisted of 3
cases, 15 subsets [—=42756 consisted of 4 cases, 6 subsets [=57762 consisted of 5 cases,
and 1 subset??/=63 consisted of 6 cases [=63. Similarity models are built for these
subsets (seen in equation (16)). This paper set up corresponding calculation pro-
cedures, taking the example of case subset 01553) ={CA3,CA4,CA5,CA7}={3,4,5,7}
to illustrate the determination of similarity. From table 4 we can know that the
variance—covariance matrix of underlying mining rights adjusted price
pO3) = (Ps3, Psa, Pss, Psy)T corresponding to case subset Cé53) is

0.0232 0.0293 0.0142 0.0147
0.0293 0.0262 0.0217 0.0224
0.0142 0.0217 0.0240 0.0220
0.0147 0.0224 0.0220 0.0240

D(P) =

Its inverse matrix is

202.291 —95.930 —15.623 —67.862
-1 | —95.930 202.567 —114.147 6.156
T | —15.623  —114.147 184.155 — 38.023
—67.862 6.156 —38.023 116.175

D(P(53))
The optimized model of similarity is built according to equation (16) as follows

Min 6*(P g )/2 = (0.0212 $3 +0.0252 §7 +0.0231 §2 +0.0231 2

S(53)
£0.0384 S5 S, +0.0344 S5 S5 +0.0340 S5 S
£0.0414 S4 S5 +0.0334 54 S +0.0330 S5 S7) /2
st S34+S1+ S5+ S7=0
’ S3,851,85,57 >0

Substitute D(P(*3)) and D(P(s‘q’))_1 into equation (10), and then we can get

- (53) L.

S :(53354355757

Likewise, the variance between the case similarity of case subsets and its final

estimated price can be calculated. Table 5 shows the smallest variance case subset of

those subsets consisted of one, two, three, four, five or six cases and its corresponding
similarity.

)" = (0.320, 0.180, 0.317, 0.183)"

Table 5. The smallest variance case subset of those subsets consisted of 176 cases and its similarity
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Subcase Case similarity Min variance
clV—{cM; Wi=3 ¥3,7 | % S% S5 S St S

F3,5,7 F3,4,5,7 F3,4,5,6,7

F2,3,4,5,6,7)

CMs3 1 0.0212

CMs3 CM~r 0.592 0.408 0.0195

CMs3 CMs CMr 0.398 0.293 0.309 0.0185

CMs3 CMy CMs CMr 0.320 0.180 0.317 0.183 0.0165

CM3 CMy CMs CMg CM$.398 0 0.293 0 0.309 0.0172

CMo CM3 CMy CMs CMHAK0.288 0 0.293 0 0.307 0.0175

From table 5 we can see that there are 4 smaller variance case subsets of es-
timated prices. So the optimal case set is CIE*) = {CM3;,CM;,CM;,CM3} =
{CM3,CM4,CMy,CM~}. Tts similarity is
(%)

5§ = (0.320, 0.180, 0.317, 0.183)7 .

Four, the final estimated price P, of underlying mining rights and the total value

of coal mining rights waiting for evaluation are calculated. Substitute S ¢ _
(0.320, 0.180, 0.317, 0.183)T and its adjusted price (seeing in table 3) into equa-
tion (15)to get the final estimated price of underlying mining rights which is
P, =0.320x11.2540.180 x 10.3140.317 x 9.54+0.183 x 12.45 = 10.76(Yuan /t)
The total value of coal mining rights waiting for evaluation is V; = 31.07x10.76 =
33.43(billion Yuan).

3. Results

The mining rights price of coal mine A is 4.45 Yuan/t, which was estimated by
some assets evaluation organization in June of 2012 by means of discount cash flow
method. However, if using real option method, the evaluation result is 7.85 Yuan/t.
In fact, the market price of coal mining rights in 2012 in the region where coal mine
A islocated is about 12 Yuan/t. Therefore, the results of coal resource mining rights
using case-based reasoning EM-CRMR is very close to the market price.

4. Conclusion

Through defining key concepts such as attribute index, attribute strength func-
tion, underlying asset, case assets, and case similarity, this paper solves the key
problems about case selection criteria, and case similarity model of coal mining
rights. The application of a real case also indicates that the price got by using CBR
coal mining rights evaluation method is very close to the final deal price.
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