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Abstract- The probability theory and belief function theory are two important tools dealing with uncertainty. The concepts 

of probability theory and belief function theory are exchangeable with proper modifications. Rarely, authors are using 

approach from probability theory to belief function theory. The branch of belief function theory viz. evidence theory is 

useful in many fields such as behavioral sciences, investigation bureaus, data mining etc. The simple support functions are 

particular type of belief functions. The combination rules of simple support functions are introduced by Dempster [8] in 

two dimensions for heterogeneous evidences and conflicting evidences. Super power set includes hyper power set and hyper 

power set includes power set. In this paper, we generalize these combination rules of simple support functions in three 

dimensions for heterogeneous evidences and conflicting evidences in hyper power set and apply these combination rules of 

simple support functions for two dimensions for heterogeneous evidences and conflicting evidences in super power set. This 

approach is supported by an illustrative example. Also, we discuss about combination rules of simple support functions for 

higher dimensions in hyper power set and super power set.  

 

Index Terms -- Simple support function, belief function, probability density function, hyper power set, super power set. 

 

INTRODUCTION 

In the world of uncertainty, each and every incidence occurring in our day to day life, always follows some known or unknown 

probability distribution. Therefore choice of appropriate probability distribution plays an important role in decision making. Hence 

it becomes necessary that we should know common characteristics of all probability distributions. Introduction of simple support 

functions is useful in categorizing cases of belief functions, infact it helps us in withdrawing final conclusion. Super power set 

consists of all combinations of subsets under study in sense of set operations viz. union, intersection and complementation.  

In this paper, firstly, we apply combination rules of simple support functions in three dimensions for heterogeneous evidences and 

conflicting evidences with cases, in hyper power set. Secondly, we apply combination rules of simple support functions for two 

dimensions for heterogeneous evidences and conflicting evidences in super power set with illustrative example. Finally, we discuss 

on combination rules of simple support functions for higher dimensions in hyper power set and super power set. Now we summarize 

preliminaries of discrete belief functions, evidence theory and power set, hyper power set and super power set. 

 

2  PRELIMERIES 

2.1   Discrete Belief Function Theory  

 From Shafer‘s book [8] and Gawn & Bell book [4], frame of discernment },,,{= 21 n  . Every element of   is a 

proposition. The propositions of interest, are in one -to -one correspondence with the subsets of  . If   is frame of discernment, 

then a function [0,1]2: →m  is called basic probability assignment whenever 0=)(m  and 1=)(Am
A 

. The 

quantity )(Am  is called A ’s basic probability number and it is a measure of the belief committed exactly to A .The total 

belief committed to A  is sum of )(Bm , for all proper subsets B  of A . A function  0,12: →Bel  is called belief 

function over   if it satisfies )(=)( BmABel
AB 

.  

Theorem 2.1 If   is a frame of discernment, then a function  0,12: →Bel  is belief function if and only if it satisfies 

following conditions   

    1.  0=)(Bel .  

    2.  1=)(Bel .  

    3.  For every positive integer n  and every collection nAAA ,,, 21  of subsets of    

 ).(1)()( 1||

},{1,2,

21 i

Ii

I

nI

n ABelAAABel 





+



−   (1) 

  Degree of doubt :  

 m(B)=Dou(A)1=pl(A) and )ADou(1=Bel(A)or  )ABel(=Dou(A)
BA




−−  (2) 
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 which expresses the extent to which one finds A  credible or plausible [8]. In [1, 2, 7], a function [0,1]: →P  is called 

probability function if    

    1.  1)(0,  APA .  

    2.  1=)(P .  

 

2.2  Simple Support Functions and Combination Rules 

  

 In [3, 8], an evidence supports many propositions discerned by frame of discernment   but in different degrees.  

Theorem 2.2 Suppose an evidence points precisely and ambiguously to a single non-empty subset A  of  . The effect of 

evidence is to provide certain degree of support s  for A  with 10  s . Let s  be a degree of support for A  with 

10  s . The simple support function  [0,1]2: →S  is  

 













=B if1

.Bbut A  contains B if

Acontain not  does B if0

=)( sBS  (3) 

  

 Here )(BS  is degree of support for B  and function S  is a simple support function focused on A . We convert S  into 

belief function by assigning basic Probability numbers  

 









−

otherwise.0

=C if)(1

A=C if)(

=)( AS

AS

Cm  (4) 

 

 

Bernoulli‘s Rule of Combination [4, 8]:  

 

Figure  1: Bernoulli rule of Combination. 

   
   

Theorem 2.3 Suppose one body of evidence have precisely supporting effect for set A  with degree 1s  and the another 

completely separate body of evidence have precisely supporting effect for set A  with degree 2s . Then degree of 

supporting A  by these two bodies of evidences together is ))(1(11=)( 21 ssAm −−−  with ))(1(1=)( 21 ssm −− .  
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 Heterogeneous Evidences [4, 8]:   

   

Figure  2: Heterogeneous Evidences 

   
 

Theorem 2.4 Suppose BA . Let 1S  be a simple support function focused on A  with 11 =)( sAS  and 

11=)( sm − . Let 2S  be another simple support function focused on B  with 22 =)( sBS  and 21=)( sm − . Then the 

orthogonal sum 21= SSS   focused on BA , have basic probability numbers 

)(1=)(),(1=)(,=)( 122121 ssBmssAmssBAm −−  and ))(1(1=)( 21 ssm −−  and  

 
















−−−





Θ=C if1

ΘC and B andA both  contains C if)s)(1s(11

Anot but  B contains C ifs

Bnot but A  contains C ifs

Bnor A neither but  BA contains C ifss

BAcontain not  does C if0

=)(

21

2

1

21

CS  (5) 

 for all C .  

Note that 212121 =))(1(11 ssssss −+−−−  [4, 8].  

 

2.2.1   Conflicting Evidences  

 

Figure  3: Conflicting Evidences 

  

    
. 

Theorem 2.5 If  =BA  then the combination of evidences pointing to A  and evidences pointing to B  is simple as 

compared to  =BA . The effect of one body of evidence decreases the effect of other body of evidence. While applying 

Dempster‘s rule of combination, we eliminate lower-left rectangle ( see the figure of conflicting evidences ) and increase the 
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measures of remaining rectangles by multiplying factor 

211

1

ss−
. Let 

1S  be a simple support function focused on A  with 

11 =)( sAS . Let 2S  be a simple support function focused on B  with 22 =)( sBS . Then the  orthogonal sum  21= SSS   

focused on BA  have basic probability numbers:  

















−

−−

−

−

−

−


Θ.=C if
ss1

)s)(1s(1

B=C if
ss1

)s(1s

A=C if
ss1

)s(1s
=C if0

=m(C)

21

21

21

12

21

21

 (6) 

 Also, the orthogonal sum S  of simple support functions 1S  and 2S  focused on BA , is given by  


















−

−+−

−

−

−

−

Θ=C if1

ΘCbut  B andA  Ccontains if
ss1

)s(1s)s(1s

Anot but  B contains C if
ss1

)s(1s

Bnot but A  contains C if
ss1

)s(1s
Bnor A neither  contains C if0

=S(C)

21

1221

21

12

21

21

 (7) 

 for all C . 

  

 A belief function is called separable support function  if it is a simple support function or equal to the orthogonal sum of two or 

more simple support functions.  

 .,,= 21 nSSSS    

where 1n  and each iS  is a simple support function citeGuanBell1991, Shafer1976. This representation is unique since 

Dempster‘s rule of combination is commutative and associative.  

 In [5], degrees of support are substituted by probabilities obtained by probability distributions and in [6], a new basic probability 

assignment is introduced : For any 
12

)(
=)(,

−


n

Ap
AmA . 

 

2.3  Super Power Set 

  

 A set 
2  is called power set of   if it closed for union of subsets of  . A set 

D  is called hyper power set of   if it 

closed for union and intersection of subsets of  . A set 
S  is called super power set of   if it closed for union, intersection 

and complementation of subsets of   [4, 3]. 
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3   Heterogeneous Evidences for 3D in Hyper Power Set 

  

 

     
Figure  4: Heterogeneous Evidences for 3D 

   

   

 Now, we generalize result of heterogeneous evidences in two dimensions (2D) to three dimensions (3D). We combine evidence 

which points to a proposition 1A  with evidences which does not point to a proposition 1A  but to different propositions which are 

compatible with proposition 1A  viz. propositions 32 , AA . Such combination provides a support not only for 21, AA  and 3A  

separately but also for the conjunction 321 AAA  .  

Theorem 3.1 Suppose  321 AAA . Let 1,2,3=, jS j
 be a simple support function focused on 

jA  with 

)(=)( AsAS jj . We combine 21,SS  and 3S . By Dempster‘s rule, 321 AAA   is supported by the quantity 

)()()( 332211 AsAsAs . Then by figure of heterogeneous evidences, the orthogonal sum 321= SSSS   has basic 

probability numbers as:   

)),())(1()(1(=)(

)),())(1()(1(=)(

)),())(1()(1(=)(

)),()(1()(=)(

)),()(1()(=)(

)),()(1()(=)(

),()()(=)(

2211333

3311222

3322111

11332232

22331131

33221121

332211321

AsAsAsAm

AsAsAsAm

AsAsAsAm

AsAsAsAAm

AsAsAsAAm

AsAsAsAAm

AsAsAsAAAm

−−

−−

−−

−

−

−



 

  

 ))())(1())(1((1=)( 332211 AsAsAsm −−−  

 

 Θ. of ubsets mentioneds above  theof none is B if 0=m(B) and  

 Also, orthogonal sum 321= SSSS   is  
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=C if1

Cbut  A and A ,A contains C if))())(1())(1((11

Anot but A and A contains C if)()()()(

Anot but  A andA contains C if)()()()(

Anot but  A and A contains C if)()()()(

in superset proper   titsnobut 

A)A(A contains C if))()(1()()(

in rset propersupe itsnot but 

A)A(A contains C if))()(1()()(

in rset propersupe itsnot but 

A)A(A  contains C if))()(1()()(

Anor  Aneither but  A contains C if)(

Anor  Aneither but  A contains C if)(

Anor  Aneither but  A contains C if)(

in superset proper not their but AA)()()(2)()(

and AA ,AA contains C if)()()()(

AAnot but  AA)()()(

and AA contains C if)()()()(

AAnot but AA)()()(

and AA contains C if)()()()(

AAnot but  AA)()()(

and AA contains C if)()()()(

AAnor  AA

neitherbut  AA contains C if)()(

AAnor  AA

neitherbut  AA contains C if)()(

AAnor  AA

neitherbut  AA contains C if)()(

AAnor  AAnor  AA

neitherbut AAA contains C if)()()(

AAAcontain not  does C if0

=)(

321332211

13233223322

23 133113311

32122112211

13211332211

23122331122

32133221133

32333

31222

32111

323322113322

312133112211

2132332211

3133223211

3132332211

2133222211

3231332211

2133112211

3121

323322

3221

313311

3231

212211

323121

321332211

321

AsAsAs

AsAsAsAs

AsAsAsAs

AsAsAsAs

AsAsAsAs

AsAsAsAs

AsAsAsAs

As

As

As

AsAsAsAsAs

AsAsAsAs

AsAsAs

AsAsAsAs

AsAsAs

AsAsAsAs

AsAsAs

AsAsAsAs

AsAs

AsAs

AsAs

AsAsAs

CS

 (8) 

 for all C .  

 

Proof: Here, for basic probability numbers, we consider sets which are intersection of any number of sets among 321 and,, AAA . 

For 1,2,3=i ; if set iA  present in set under consideration then multiply by is  and if set iA  absent in set under consideration 

then multiply by )(1 is− . The sum of probability numbers of all subsets of   is one. For value of )(CS , we consider 

immediate proper superset C  of subset of  , which does not contain properly any super set of subset of   under consideration. 

For calculation of )(CS , we consider subsets of   which are contained in C . For 1,2,3=i ; if set iA  present in set under 

consideration then multiply by )( ii As  and if set iA  absent in set under consideration then multiply by ))((1 ii As− . Same rule 

is applied if C  contains more subsets of  .  
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Here 

)).())(1())(1((11=

)()()()()()()()()()()()(=

)()()())()(1()())()(1()(

))()(1()())())(1()(1(

))())(1()(1())())(1()(1(

332211

332211332233112211332211

332211113322223311

332211221133

331122332211

AsAsAs

AsAsAsAsAsAsAsAsAsAsAsAs

AsAsAsAsAsAsAsAsAs

AsAsAsAsAsAs

AsAsAsAsAsAs

−−−−

+−−−++

+−+−+

−+−−+

−−+−−

 

 

3.1   Conflicting Evidences in Hyper Power Set  

  

 Now, we generalize result of conflicting evidences in two dimensions (2D) to three dimensions (3D). For three dimensions, 

conflicting evidences have following cases:   

    1.  Evidences are pairwise disjoint.  

    2.   =321 AAA .  

    3.  Mixing of above two cases.  

 

 

 

     
Figure  5: Conflicting Evidences for 3D 

   

  

 Case I: Evidences are pairwise disjoint   

Theorem 3.2 Suppose that for 1,2,3=i ; simple support function iS  is focused on iA1  with degree of support )( ii As . Then 

the  orthogonal sum  S  of 21,SS  and 3S  have basic probability numbers   

 

Θ, of subsets mentioned above  theof none is B if 0=m(B)and

))/K,(As))(1(As))(1(As(1=m(Θ(

))/K,(As))(1(As)(1(As=)m(A

))/K,(As))(1(As)(1(As=)m(A

))/K,(As))(1(As)(1(As=)m(A

332211

2211333

3311222

3322111

−−−

−−

−−

−−

 

 where 

))()(1()())()(1()())()(1()()()()(1= 113322223311332211332211 AsAsAsAsAsAsAsAsAsAsAsAsK −−−−−−−  .  

Also, sum of basic probability numbers corresponding to all parallelepipeds is one and orthogonal sum 321= SSSS   is a 

separable support function and is given by  
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331122
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221133

132
331122
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23 1
332211

331122

321
332211
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221133

312
331122

321
332211

321

K
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K
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K

AsAsAs
K
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K
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K

AsAsAs
K

AsAsAs
K

AsAsAs
K

AsAsAs
K

AsAsAs
K

AsAsAs
K
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CS

 (9) 

 for all C  .  

 

Proof:  Here we consider all subsets of   which are considered in above theorem. By figure of conflicting evidences for three 

dimensions, the parallelopipeds corresponding to 323121 ,, AAAAAA   and 321 AAA   are related to  . For 

application of Dempster‘s rule, we must eliminate parallelopipeds which are related to   viz. parallelopipeds 

)()(),()(),()( 332233112211 AsAsAsAsAsAs   and )()()( 332211 AsAsAs  . Therefore decrease the measures of 

the remaining parallelopipeds by quantity which is reciprocal of 

))()(1()())()(1()())()(1()()()()(1 113322223311332211332211 AsAsAsAsAsAsAsAsAsAsAsAs −−−−−−− .  

 Here, for basic probability numbers, we consider sets 321 and,, AAA . For 1,2,3=i ; if set iA  present in set under consideration 

then multiply by 

))()(1()())()(1()())()(1()()()()(1

))((1)(

113322223311332211332211

3

1;=

AsAsAsAsAsAsAsAsAsAsAsAs

AsAs jjjijii

−−−−−−−

− 
. The sum 

of basic probability numbers of all subsets of   under consideration is one.  

 For value of )(CS , we consider immediate proper super set C  of subset of  , which does not contain properly any super set 

of subset of   under consideration. For calculation of )(CS , we consider subsets of   which are contained in C . For 

1,2,3=i ; if set iA  present in set under consideration then add quantity 

))()(1()())()(1()())()(1()()()()(1

))((1)(

113322223311332211332211

3

1;=

AsAsAsAsAsAsAsAsAsAsAsAs

AsAs jjjijii

−−−−−−−

− 
. Same rule 

is applied if C  contains more subsets of  . 

 Case II:  =321 AAA :  

Theorem 3.3 Suppose that for 1,2,3=i ; simple support function iS  is focused on iA1  with degree of support )( ii As . Then 
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the  orthogonal sum  321= SSSS   have basic probability numbers   

 

Θ, of subsets mentioned above  theof none is B if 0=m(B)and
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−

−

−

 

 where )()()(1= 332211 AsAsAsK − .  

Also, sum of basic probability numbers corresponding to all parallelepipeds is one and the orthogonal sum 321= SSSS   is 

a separable support function and is given by 
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 for all C  .  

 

Proof:  Here we consider all subsets of   which are considered in heterogeneous evidences in 3D. By figure of conflicting 

evidence for three dimensions, the parallelopiped 321 AAA   is related to  . For application of Dempster‘s rule, we 

eliminate corresponding parallelopipeds. Therefore decrease the measures of the remaining parallelopiped by quantity 

)()()(1

1

332211 AsAsAs−
. let )()()(1= 332211 AsAsAsK − . The basic probability numbers are obtained from basic probability 

numbers of all subsets of   except 321 AAA   by multiplying K . Here sum of basic probability numbers of all subsets of 

  under consideration is one. We apply remaining procedure of calculation of )(CS  similar to Case I. 

 Case III :- Mixing of Above Two Cases:  
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 In this case, any two evidences may be heterogeneous or conflicting. If given two evidences are heterogeneous then their 

intersection is not related to  . If given two evidences are conflicting then their intersection is related to  . Such combinations 

of evidences should be done for all possible pairs of given evidences. The effect of conflicting evidences is taken into account while 

calculating the value of K  as in above cases. Also eliminate cases in )(CS  whose intersection is related to  . As Dempster‘s 

rule of combination is associative and commutative hence Bernaulli‘s rule of combination, the order of combination of support 

functions is not important.  

Theorem 3.4 Suppose that for 1,2,3=i ; simple support function iS  is focused on iA1  with degree of support )( ii As  and 

the parallelopiped 32 AA   is related to  . Then the  orthogonal sum  321= SSSS   have basic probability numbers   

 

Θ. of subsets mentioned above  theof none is B if 0=m(B)and

))/K,(As))(1(As))(1(As(1=m(Θ(

))/K,(As))(1(As)(1(As=)m(A

))/K,(As))(1(As)(1(As=)m(A

))/K,(As))(1(As)(1(As=)m(A

))/K,(As)(1(A)s(As=)Am(A

))/K,(As)(1(A)s(As=)Am(A

332211

2211333

3311222

3322111

22331131

33221121

−−−

−−

−−

−−

−

−

 

 where )()()()()(1= 3322113322 AsAsAsAsAsK −− .  

Also, sum of basic probability numbers corresponding to all parallelopipeds is one and the orthogonal sum 321= SSSS   is 

a separable support function and is given by  
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−−+

−

−
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−
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=C if1

Cbut  A and A ,A contains C if
)()()))())(1())(1((1(1

Anot but  A and A contains C if
)()(2)()(

Anot but  A and A contains C if
)()()()()()(

Anot but  A and A contains  C if
)()()()()()(

in superset  proper   itsnot but 

A)A(A contains C if
)()()()()()()()(

in superset  proper   itsnot but 

A)A(A contains C if
)()()()()()()()(

Anor  Aneither but  A contains C if
)()()(

Anor  Aneither but  A contains C if
)()()(

norA Aneither but  containsA C if
)()()()(

AA

and AA contains C if
))()(1()())()(1()(

AA

notbut  AA contains C if
))()(1()(

AA

notbut  AA contains C if
))()(1()(

AAnor  AAneither  contains C If0

=)(

321

3322332211

132

33223322

231

332233113311

321

332222112211

231

3322113322331122

321

3322113322221133

323

332233

312

332222

321

33221111

31

21

223311332211

21

31

223311

31

21

332211

3121

K

AsAsAsAsAs
K

AsAsAsAs
K

AsAsAsAsAsAs
K

AsAsAsAsAsAs

K

AsAsAsAsAsAsAsAs

K

AsAsAsAsAsAsAsAs
K

AsAsAs
K

AsAsAs
K

AsAsAsAs

K

AsAsAs

K

AsAsAs

K

AsAsAs

K

AsAsAs

CS
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 (11) 

 for all C  .  

 

 

Proof: Here we consider all subsets of   which are considered in conflicting evidences in 3D in Case II. By figure of conflicting 

evidence for three dimensions, WOLOG, assume that the parallelopiped is related to  =32 AA  hence  =321 AAA

. Here  21 AA  and  31 AA . For application of Dempster‘s rule, we eliminate corresponding parallelepipeds viz. 

32 AA   and 321 AAA  . Therefore we decrease the measures of the remaining parallelopipeds by quantity 

)()()()()(1

1

3322113322 AsAsAsAsAs −−
. Let )()()()()(1= 3322113322 AsAsAsAsAsK −− . The basic probability 

numbers are obtained from basic probability numbers of all subsets of   except 32 AA   and 321 AAA   by multiplying 

K . Here sum of basic probability numbers of all subsets of   under consideration is one. We apply remaining procedure of 

calculation of )(CS  similar to Case II.  

 Simillarly, we can apply other cases only one pair of evidences are conflicting and two pairs of evidences are conflicting. 

 

4  Combination of Evidences in 2D in Super Power Set 

 Now we replace hyper power set by super power set. The complements of subsets in hyper power set are included. 

 

4.1   Heterogeneous Evidences in 2D in Super Power Set  

 We have super power set for subsets A  and B  of   as  

}=)(),(),(),(),(,,,,,{  cBAcBcAcBAcBABABA , 

where =)(Xc  complement of ssubset X  of   in  .  

Theorem 4.1 Suppose BA . Let 1S  be a simple support function focused on A  with 11 =)( sAS . Let 2S  be another 

simple support function focused on B  with 22 =)( sBS . Then the orthogonal sum 21= SSS   focused on BA , have 

basic probability numbers )(1=)(),(1=)(,=)( 122121 ssBmssAmssBAm −−  and ))(1(1=)( 21 ssm −− . Also,  

 






















−

−

−

−−

−−−





Θ=C if1

Θin superset proper  itsnot but  B)c(A contains C ifss1

Θin superset proper   itsnot but  c(B) contains C ifs1

Θin superset proper  itsnot but  c(A) contains C ifs1

Θin superset proper  itsnot but  B)c(A contains C if)s)(1s(1

ΘC and B andA both  contains C if)s)(1s(11

Anot but  B contains C ifs

Bnot but A  contains C ifs

Bnor A neither but  BA contains C ifss

BAcontain not  does C if0

=S(C)

21

2

1

21

21

2

1

21

 (12) 

 for all C .  

 Proof:  Here we apply method of heterogeneous evidences in 2D with subsets from super power set of  . Also, 

212121 =))(1(11 ssssss −+−−− . While obtaining support functions for complement of subsets of  , we can use result : For 

any subset )(1=))((, APlAcBelA − , since support function is a belief function. 

 

4.1.1   Conflicting Evidences in 2D in Super Power Set  

  

Theorem 4.2 If 1S  be a simple support function focused on A  with 11 =)( sAS  and 2S  be a simple support function 

focused on B  with 22 =)( sBS  and  =BA . Then the  orthogonal sum  21= SSS   focused on BA  have 

basic probability numbers:  
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−

−−

−

−

−

−


.=  
1

))(1(1

=  
1

)(1

=  
1

)(1
=  0

=)(

21

21

21

12

21

21

Cif
ss

ss

BCif
ss

ss

ACif
ss

ss
Cif

Cm  (13) 

 Also, the orthogonal sum S  of simple support functions 
1S  and 

2S  focused on BA , is given by  

 

























−

−
−

−

−
−


−

−+−
−


−

−+−

−

−

−

−

Θ=C if1

Θin superset proper  itsnot but  c(B) contains C if
ss1

)s(1s
1

Θin superset proper  itsnot but  c(A) contains C if
ss1

)s(1s
1

Θin superset proper  itsnot but  B)c(A contains C if
ss1

)s(1s)s(1s
1

ΘC and B andA both  contains C if
ss1

)s(1s)s(1s

Anot but  B contains C if
ss1

)s(1s

Bnot but A  contains C if
ss1

s(1s
Bnor A neither  contains C if0

=)(

21

12

21

21

21

1221

21

1221

21

12

21

21

CS  (14) 

 for all C . 

 

 

Proof:  Here, we consider sets from super power set of  . While applying Dempster‘s rule of combination in 2D, we eliminate 

lower-left rectangle ( see the figure of conflicting evidences in 2D) and increase the measures of remaining rectangles by multiplying 

factor 

211

1

ss−
. For calculating basic probability numbers by multiplying basic probability numbers except for set BA  by 

quantity 

211

1

ss−
. We apply procedure similar to conflicting evidences in 2D for calculating )(CS . 

 

4.2   Generalizations of Above Results to k  Dimensions  

  

 In hyper power set, the number of cases for heterogeneous evidences, follows the sequence of Dedekind numbers with addition of 

1 viz. 354,,7581,78282,6,20,168 . For 4k , it becomes difficult to enumerate all cases. In super power set, the number 

of cases for heterogeneous evidences, follows the sequence n
n

+−122  viz. ,32772,1,3,10,131 . For 3k , it becomes 

difficult to enumerate all cases.  

 In each case, subset of   whose support function to be calculated, is union and intersection of subsets of   in some prescribed 

order. Whenever operation union is performed, we use rule : For any subsets 

)()()(=)(,, BASBSASBASBA −+ , since support function S  is a belief function. Whenever operation 

intersection is performed, we use rule : For any subsets )()(=)(,, BSASBASBA  . Using these two rules in 

prescribed order in required subset of  , we obtain support function of every subset of  . 

 

5   Simple Support Function Based on 
12

)(
=

−n

Ap
s   
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 By using basic belief assignment from [6], 
12

)(
=

−n

Ap
m  as degree of support, we have a advantage as : For any subset A  of 

)()(,  mAm  and a disadvantage as : Values involved in calculations are very small as compared to degree of support s  

which is based on probability from probability distributions. The advantage is more appealing than disadvantage. 

 

6   Illustrative Example 

 From [1, 7], suppose that one body of evidence focused on subset 
1A  of ,10},5,6,7,8,9{0,1,2,3,4=  with degrees of 

support 1s  follows binomial distribution  

 105,6,7,8,9,0,1,2,3,4,=,=)( 1 xqp
x

n
xp xx −









 

 

 10=and0.3=1=0.7,1=with npp −  

Therefore,   

 

490.02824752=(10)

1,0.12106082=(9)05,0.23347444=(8)

2,0.26682793=(7)9,0.20012094=(6)

52,0.10291934=(5)9,0.03675690=(4)

2,0.00900169=(3)05,0.00144670=(2)

1,0.00013778=(1)49,0.00000590=(0)

p

pp

pp

pp

pp

pp

 (15) 

  Here 1=)(
10

0=
xp

x . 

 Suppose that one body of evidence focused on subset 2A  of ,10},5,6,7,8,9{0,1,2,3,4=  with degrees of support 2s  

folllows Poison distribution  

 105,6,7,8,9,0,1,2,3,4,=,
!

=)( x
x

e
xp

x
 

 

 10= and2,=with n  

Therefore,   

 

98506487790.00003818=(10)

9253243,0.00019094=(9)1639597,0.00085927=(8)

6558390,0.00343708=(7)954365,0.12029802=(6)

8863096,0.03608940=(5)2157741,0.09022352=(4)

4315483,0.18044704=(3)6473225,0.27067056=(2)

6473225,0.27067056=(1)3236612,0.13533528=(0)

p

pp

pp

pp

pp

pp

 (16) 

 Here 117756250.99999169=)(
10

0=
 xp

x
. 

 

 From [1, 7], suppose that one body of evidence focused on subset 3A  of ,10},5,6,7,8,9{0,1,2,3,4=  with degrees of 

support 3s  folllows discrete uniform distribution  

 10=10.5,6,7,8,9,0,1,2,3,4,=,
1

1
=)( nx

n
xp

+
 

 

 0909090.09090909=
11

1
=)(xp  

Here 19999990.99999999=)(
10

0=
 xp

x
. 
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6.1   Heterogeneous Evidences for 3D in Hyper Power Set 

  

 Suppose  321 AAA . Let 1,2,3=, jS j
 be a simple support function focused on 

jA  with )(=)( AsAS jj
. We 

combine 21,SS  and 3S . By Dempster‘s rule, 321 AAA   is supported by the quantity )()()( 332211 AsAsAs . From [1, ?], 

suppose that first body of evidence focused on 1A  with degree of support 1s  is probability obtained from binomial distribution 

(10,0.7)Binomial , second body of evidence focused on 2A  with degree of support 2s  is probability obtained from Poison 

distribution (2)Poison  and third body of evidence focused on 3A  with degree of support 3s  is probability obtained from 

discrete uniform distribution. Here ,8}{0,2,3,5,7=,10},{0,1,3,6,8=,8,9},{1,2,3,5,6= 321 AAA .  

Therefore {0,3,8}={2,3,5,8},={1,3,6,8},= 323121 AAAAAA  ,  

and {3,8}=321 AAA  .  

Here 8469930.59938015=)(=92,0.66816172=)(= 2211 ApsAps  and 5454540.54545454=)(= 33 Aps  

By figure of heterogeneous evidences, the orthogonal sum 321= SSSS   has basic probability numbers as:   

 

0251731,0.07251327=))())(1()(1(=)(

426588,0.90407852=))())(1()(1(=)(

70566773,0.12142717=))())(1()(1(=)(

2911903,0.10848942=))()(1()(=)(

4331012,0.14600666=))()(1()(=)(

4150655,0.18203767=))()(1()(=)(

8980782,0.21844520=)()()(=)(

2211333

3311222

3322111

11332232

22331131

33221121

332211321

AsAsAsAm

AsAsAsAm

AsAsAsAm

AsAsAsAAm

AsAsAsAAm

AsAsAsAAm

AsAsAsAAAm

−−

−−

−−

−

−

−



 

  

 5209770.06042772=))())(1())(1((1=)( 332211 AsAsAsm −−−  

 

 . of subsets mentioned above  theof none is B if 0=)(and Bm  

 We consider sets which are intersection of any sets among 321 and,, AAA . For value of )(CS , we consider proper super set C  

of subset of  , which does not contain its proper super set of subset of   under consideration. 

Therefore, by equation (8), orthogonal sum 321= SSSS   is  
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=C if1

Cbut  A and A ,A contains C if47902220.93957227

 tAnobut  A and A contains C if07345430.81790007

Anot but  A and A contains C if23636350.84916442

Anot but  A and A contains C if45384920.86705900

in superset proper  itsnot but 

A)A(A contains C if21119030.77665115

in superset proper  itsnot but 

A)A(A contains C if17800520.74538680

in superset proper  itsnot but 

A)A(A contains C if96051950.72749221

Anor  Aneither but  A contains C if5454540.54545454

Anor  Aneither but  A contains C if8469930.59938015

Anor  Aneither but  A contains C if920.66816172

in superset  proper   not their but  AA

and AA ,AA contains C if93534640.65497894

AAnot but  AA

and AA contains C if52028080.47294127

AAnot but  AA

and AA contains C if60433410.50897230

AbutnotAAA

and AA contains C if64415610.54648952

AAnor  AA

neitherbut  AA contains C if18926850.32693463

AAnor  AA

butneither AA contains C if22909050.36445185

AAnor  AA

neitherbut  AA contains C if31314380.40048288

AAnor  AAnor  AA

neitherbut  AAA contains C if89807820.21844520

AAAcontain not  does C if0

=)(

321

132

231

321

132

231

321

323

312

321

32

3121

2132

31

3132

21

3231

21

3121

32

3221

31

3231

21

323121

321

321

CS

 (17) 

 for all C . 

 

 

6.2  Conflicting Evidences for 3D in Hyper Power Set 

 

6.2.1  Evidences are pairwise disjoint 

  

 Suppose jijiAA ji  and1,2,3=,= . From [1, 7], suppose that first body of evidence focused on 1A  with degree of 

support 1s  is probability obtained from binomial distribution (10,0.7)Binomial , second body of evidence focused on 2A  

with degree of support 2s  is probability obtained from Poison distribution (2)Poison  and third body of evidence focused on 

3A  with degree of support 3s  is probability obtained from discrete uniform distribution. By figure of conflicting evidences for 

three dimensions, the parallelopipeds corresponding to 323121 ,, AAAAAA   and 321 AAA   are related to  . For 
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application of Dempster‘s rule, we must eliminate corresponding parallelopipeds. Therefore decrease the measures of the remaining 

parallelopipeds by quantity reciprocal of 

))()(1()())()(1()())()(1()()()()(1 113322223311332211332211 AsAsAsAsAsAsAsAsAsAsAsAs −−−−−−− . Here 

{0,6,10}=},{1,2,3,8,9= 21 AA  and {4,5,7}=3A . Therefore  =,=,= 323121 AAAAAA ,  

and  =321 AAA . The  orthogonal sum  S  of 21,SS  and 3S , have basic probability numbers   

 

. of subsets mentioned above  theof none is B if 0 =)(and

4689857,0.47103129=))/())(1())(1((1=)(

9350823,0.17662905=))/())(1()(1(=)(

0822394,0.08149540=))/())(1()(1(=)(

43877144,0.27089215=))/())(1()(1(=)(

332211

2211333

3311222

3322111



−−−

−−

−−

−−

Bm

KAsAsAsm

KAsAsAsAm

KAsAsAsAm

KAsAsAsAm

 

 where 
0.83576054=

))()(1()())()(1()())()(1()()()()(1= 113322223311332211332211 AsAsAsAsAsAsAsAsAsAsAsAsK −−−−−−−
 . Also, 

sum of basic probability numbers corresponding to all parallelopipeds is one.  

By using equation (9), the orthogonal sum 321= SSSS   is a separable support function and is given by  

 

























.=C If1

.Cbut  A and A ,A Ccontains If45603610.52895661

.Anot but  A and A contains C If01732170.25806446

.Anot but  A and A contains C If37379670.44752121

.Anot but  A and A contains C If52095380.35232755

.Anor  Aneither but  A contains C If93508230.17662905

.Anor  Aneither but  A contains C If08223940.08149540

.Anor  Aneither but  A contains C If438771440.27089215

norA Anor  Aneither  contains C If0

=)(

321

132

231

321

213

312

321

321

CS  (18) 

 for all C  . 

 

6.2.2  Intersection of all Evidences is   

  

 Suppose jijiAA ji  and1,2,3=,= . From [1, 7], suppose that first body of evidence focused on 1A  with degree 

of support 1s  is probability obtained from binomial distribution (10,0.7)Binomial , second body of evidence focused on 2A  

with degree of support 2s  is probability obtained from Poison distribution (2)Poison  and third body of evidence focused on 

3A  with degree of support 3s  is probability obtained from discrete uniform distribution. Here 

0}{0,1,6,8,1=,9},{1,2,3,5,6= 21 AA  and ,8}{0,2,3,5,7=3A . Therefore 

{0,8}={2,3,5},={1,6},= 323121 AAAAAA   and  =321 AAA . By figure of conflicting evidence 

for three dimensions, the parallelopiped is related to  =321 AAA . For application of Dempster‘s rule, we eliminate 

corresponding parallelopiped. Therefore decrease the measures of the remaining parallelopipeds by quantity 

)()()(1

1

332211 AsAsAs−
. The  orthogonal sum  321= SSSS   have basic probability numbers   
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. of subsets mentioned above  theof none is B if 0 =)(and

8467142,0.16577783=))/())(1())(1((1=)(

6160566,0.19893340=))/())(1()(1(=)(

5212776,0.11952122=))/())(1()(1(=)(

9668042,0.12747195=))/())(1()(1(=)(

0255328,0.14342547=))/()(1()(=)(

1591380,0.15296635=))/()(1()(=)(

8653322,0.09190374=))/()(1()(=)(

332211

2211333

3311222

3322111

11332232

22331131

33221121



−−−

−−

−−

−−

−

−

−

Bm

KAsAsAsm

KAsAsAsAm

KAsAsAsAm

KAsAsAsAm

KAsAsAsAAm

KAsAsAsAAm

KAsAsAsAAm

 

 where 4797210.90067005=)()()(1= 332211 AsAsAsK − .  

Also, sum of basic probability numbers corresponding to all parallelopipeds is one.  

By using equation (10), the orthogonal sum 321= SSSS   is a separable support function and is given by  

 



























































































Θ=C if1

ΘCbut  A and A ,containsA C if15328630.83422216

Anot but  A and A contains C if18733760.70675020

Anot but  A and A contains C if63200860.71470093

Anot but  A and A contains C if53722950.63528875

Θin superset proper  itsnot but 

A)A(A contains C if01595190.51576753

Θin superset proper  itsnot but 

A)A(A contains C if57128080.50781679

Θin superset proper  itsnot but 

A)A(A contains C if766605990.58722289

Anor  Aneither but  A contains C if80072760.49532522

Anor  Aneither but  A contains C if4124280.35485044

Anor  Aneither but  A contains C if99041910.37234205

Θin superset proper not their but  AA

and AA ,AA contains C if500030388295570

AAnot but  AA

and AA contains C if18467080.29639182

AAnot but  AA

and AA contains C if89086500.23532921

AAnot but  AA

and AA contains C if02447020.24487010

AAnor  AA

neitherbut  AA contains C if02553280.14342547

AAnor  AA

neitherbut  AA contains  C if15913800.15296635

AAnor  AA

neitherbut  AA contains  C if86533220.09190374

AAnor 

AAnor  AAneither  contains C If0

=S(C)

321

132

231

321

132

231

321

323

312

321

32

3121

2132

31

3132

21

3231

21

3121

32

3221

31

3231

21

32

3121

 (19) 

http://www.ijsdr.org/


ISSN: 2455-2631                                                    July 2023 IJSDR | Volume 8 Issue 7 
 

IJSDR2307067 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  477 

 

 

 for all C  . 

 

6.3   Mixing of Above Two Cases 

  

 In this case, any two evidences may be heterogeneous or conflicting. If given two evidences are heterogeneous then their 

intersection is not related to  . If given two evidences are conflicting then their intersection is related to  . Such combinations 

of evidences should be done for all possible pairs of given evidences. The effect of conflicting evidences is taken into account while 

calculating the value of K  as in above cases. Also eliminate cases in )(CS  whose intersection is related to  . As Dempster‘s 

rule of combination is associative and commutative hence Bernaulli‘s rule of combination, the order of combination of support 

functions is not important.  

 Suppose  =321 AAA  and  =32 AA . From [1, 7], suppose that first body of evidence focused on 
1A  with degree 

of support 1s  is probability obtained from binomial distribution (10,0.7)Binomial , second body of evidence focused on 2A  

with degree of support 2s  is probability obtained from Poison distribution (2)Poison  and third body of evidence focused on 

3A  with degree of support 3s  is probability obtained from discrete uniform distribution. By figure of conflicting evidence for 

three dimensions, WOLOG, assume that the parallelopiped is related to  =32 AA  hence  =321 AAA . For 

application of Dempster‘s rule, we eliminate corresponding parallelopiped. Therefore decrease the measures of the remaining 

parallelopipeds by quantity 
)()(1

1

3322 AsAs−
. Here we need at least one pair of subsets of   among the subsets 21, AA  and 

3A  of  , is disjoint. 

Here 0}{0,1,3,6,1=,8,9},{1,2,3,5,6= 21 AA  and {2,5,7,9}=3A .  

Therefore  ={2,5},={1,3,6},= 323121 AAAAAA ,  

and  =321 AAA . The  orthogonal sum  321= SSSS   have basic probability numbers   

 

, of subsets mentioned above  theof none is B if 0=)(and

6094412,0.10836532=))/())(1())(1((1=)(

3482520,0.06192304=))/())(1()(1(=)(

1223068,0.16154990=))/())(1()(1(=)(

8030203,0.21819533=))/())(1()(1(=)(

0302971,0.12468305=))/()(1()(=)(

0866,0.32528334=))/()(1()(=)(

332211

2211333

3311222

3322111

22331131

33221121



−−−

−−

−−

−−

−

−

Bm

KAsAsAsm

KAsAsAsAm

KAsAsAsAm

KAsAsAsAm

KAsAsAsAAm

KAsAsAsAAm

 

 where 11526090.78235604=)()(1= 3322 AsAsK − .  

Also, sum of basic probability numbers corresponding to all parallelopipeds is one.  

By using equation (11), the orthogonal sum 321= SSSS   is a separable support function and is given by  
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=C if1

Cbut  A and A ,A contains C if78869190.86148847

Anot but  A and A contains C if58753850.67343933

Anot but  A and A contains C if26825210.73008477

Abu tnot  A and A contains C if04230690.82971163

in superset proper  itsnot but 

A)A(A contains C if23928660.61151629

in superset proper  itsnot but 

A)A(A  contains C if46523180.51188943

Anor  Aneither but  A contains C if37854920.18660609

Anor  Aneither but  A contains C if20898930.48683324

Anor  Aneither but  A contains C if92000010.66816172

in subset proper  itsnot but  AA

and AA contains C if11697960.44996639

AA

notbut  AA contains C if03029710.12468305

AA

notbut  AA contains C if08668250.32528334

AAnor  AAneither  contains C If0

=)(

321

132

231

321

231

321

323

312

321

31

21

21

31

31

21

3121

CS

 (20) 

 for all C  . 

 

6.4   Combination of Evidences in 2D in Super Power Set  

  

6.4.1   Heterogeneous Evidences in 2D in Super Power Set  

  

 Suppose BA . From [1, 7], let 1S  be a simple support function focused on 1A  with 11 =)( sAS  following binomial 

distribution (10,0.7)Binomial . Let 2S  be another simple support function focused on B  with 22 =)( sBS  following 

Poison distribution (2)Poison . Here ,8,9}{1,2,3,5,6=A  and ,10}{0,1,3,6,8=B . Therefore {1,3,6,8}=BA . 

Here 20.66811729=)(=1 Aps  and 8469930.59938015=)(2 Bps − . The orthogonal sum 21= SSS   focused on 

BA , have basic probability numbers 

87017260.19889726=)s(1s=

m(B)6068561,0.26787884=)s(1s=m(A)3131438,0.40048288=ss=B)m(A

12

2121

−

−
 

and 54615080.13294099=))(1(1=)( 21 ssm −− . Therefore by using equation (12),  

 
































Θ=C if1

Θin superset proper  itsnot but  B)c(A contains C if6868560.59951711

Θin superset proper  itsnot but  c(B) contains C if15300700.40061984

Θin superset proper  itsnot but  c(A) contains C if080.33183827

Θin superset proper  itsnot but  B)c(A contains C if54615080.13294099

ΘC and B andA both  contains C if4538490.86705900

Abu tnot  B contains C if8469930.59938015

Bnot but A  contains C if20.66811729

Bnor A neither but  BA contains  C if31314380.40048288

BAcontain not  does C if0

=S(C)  (21) 

 for all C . 
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6.4.2   Conflicting Evidences in 2D in Super Power Set  

  

 If  =BA  then the combination of evidences pointing to A  and evidences pointing to B  is simple as compared to 

 =BA  i.e. the bodies of evidence are conflicting and effect of one body of evidence decreases the effect of other body of 

evidence. While applying Dempster‘s rule of combination, we eliminate lower-left rectangle ( see the figure of conflicting evidences 

) and increase the measures of remaining rectangles by multiplying factor 

211

1

ss−
. From [1, 7], let 1S  be a simple support 

function focused on A  with 11 =)( sAS  which follows binomial distribution (10,0.7)Binomial . Let 2S  be a simple 

support function focused on B  with 22 =)( sBS  which follows poison distribution (2)Poison . Here ,8,9}{1,2,3,5,6=A  

and {0,3,7,10}=B  hence 920.66816172=)== 1 pAsBA   and 03911330..3192576=)(=2 Bps . The  

orthogonal sum  21= SSS   focused on BA  have basic probability numbers:  

 

















−

−−

−

−

−

−


Θ.=C if28012230.28714998=
ss1

)s)(1s(1

B=C if91826590.13466887=
ss1

)s(1s

A=C if154270.57811380=
ss1

)s(1s
=C if0

=m(C)

21

21

21

12

21

21

 (22) 

 By using equation (13), the orthogonal sum S  of simple support functions 1S  and 2S  focused on BA , is given by  

 























Θ=C if1

Θin superset proper  itsnot but  c(B) contains C if0817340.86533112

Θin superset proper  itsnot but  c(A) contains C if19845730.42181886

Θin superset proper  itsnot but  B)c(A Ccontains if2801910.28714998

ΘC and B andA both  contains C if71980860.71285001

Anot but  B contains C if91826590.13466887

Bnot but A  contains C if154270.57811380

Bnor A neither  contains C if0

=S(C)  (23) 

 for all C . 

 

7  CONCLUSION  

 Usually it is beneficial to directly point out subset iA  of   which is concerned to our interest. Such set is always assigned basic 

belief assignment )( ii Am  greater than 0.5 and )(1=)( iii Amm − , by choosing appropriate probability distribution. In this 

paper, we have obtained support functions for heterogeneous and conflicting evidences in hyper power set and super power set. 

These are illustrated by an example, considering simple and commonly used probability distributions viz. discrete uniform 

distribution, Binomial distribution and Poison Distribution. 
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