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Filtration of Non-monotonic Rules 

2. Theoretical Preliminaries 

If i1 is vi11 m is vim1

then o1 is vo11 n is von1

If i1 is vi1r m is vimr

then o1 is vo1r n is vonr             

m n
r ip,

p=1,..,m p vips, p=1,..,m, s=1,..,r
p s

oq, q=1,..,n q voqs, q=1,..,n, 
s=1,..,r q s

r
m

w

r = w m                                                          

v

r = w1 m                                                  

wp, p=1,..,m
p

Definition 1. A fuzzy rule base is complete if and 
only if all possible permutations of linguistic values of 

Definition 2. A fuzzy rule base is exhaustive if and 
only if all possible permutations of linguistic values of 

Definition 3. A fuzzy rule base is consistent if and 
only if every present permutation of linguistic values of 
inputs is mapped to only one permutation of linguistic 
values of outputs. 

Definition 4. A fuzzy rule base is monotonic if and 
only if every present permutation of linguistic values of 
outputs is mapped from only one permutation of 
linguistic values of inputs. 
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fps

fps = 0, if xps aps

fps = ( xps - aps ) / ( bps - aps ), if aps xps bps

fps = ( cps - xps ) / ( cps - bps ), if bps xps cps

fps = 0, if cps  xps                                          

xps  p=1,..,m, s=1,..,r
p s
aps, bps, cps

aps

bps

cps

gs

g1 = min ( f11 m1 ) 

gr = min ( f1r mr )                   

fps  p=1,..,m s=1,..,r
p s

Fsq

Fsq = { f1sq * y1sq tsq * ytsq }

fksq  k=1,..,t s=1,..,r, q=1,..,n
k

q s
yksq

t

fksq

yksq

k fksq yksq

ysq

fsq

fsq = 0, if ysq   asq

fsq = ( ysq - asq ) / ( bsq - asq ), if asq ysq bsq

fsq =  gs, if bsq ysq csq

fsq = ( dsq - ysq ) / ( csq - bsq ), if csq ysq dsq

fsq = 0, if dsq  ysq                                       

ysq  s=1,..,r, q=1,..,n 
q s

asq, bsq, csq, dsq
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asq

bsq

gs csq

gs dps

Fq

Fq = F1q or or Frq

Fsq  s=1,..,r q=1,..,n
q s

Dq

Dq = ( f1q . y1q tq . ytq ) / ( f1q tq )

fkq  k=1,..,t q=1,..,n
k
q

ykq

fksq yksq

s
Dq

. +

3. Rule Base Compression Method 

Theorem 1. A set of non-monotonic disjunctive rules 
in the form 

If (A11 m1) then Cq

If (A1z mz) then Cq               

where Apj= (ip is vip,j), p=1,..,m, j=1,..,z and Cq = (oq is 
voq), q=1,..,n are logical propositions describing the 
terms for the p-th input in the j-th rule and the terms for 
the q-th output in accordance with Eq. (1), q is a set 
label and  z is the set cardinality, can be represented as 
a single rule in the form 

[(A11 m1) imp Cq

or [(A1z mz) imp Cq]              

Proof.

(A11 m1) imp Cq

(A1z mz) imp Cq                  
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[(A11 m1) imp Cq
or [(A1z mz) imp Cq]              

[not (A11 m1) or Cq

or [not (A1z mz) or Cq]        

{[not (A11 m1

or [not (A1z mz)]} 
or (Cq q)                           

{[not (A11 m1

or [not (A1z mz)]} or Cq               

not [(A11 m1

and (A1z mz)] or Cq                      

[(A11 m1

and (A1z mz)] imp Cq                 

z
A11 Am1 A1z Amz

A11

Am1 A1z Amz

Algorithm 1. 
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If i1 is vi11 m is vim1 then oq is vq11

If i1 is vi1r  im is vimr then oq is vq1r

q=1,..,n                                

4. Simulation Results 

i1 i2

i3 o1 i1 repair utilisation 
factor i2 number of servers i3 mean 
delay of service o1 number of spare parts 

i1

low medium high i2

small medium large i3

very short

short medium o1

very small small
rather small medium  rather large large

very large
i1

i2 i3

o1
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r = 0.5 s = 0.65 d = 0.2. 

fr
L

low repair utilisation factor

fr
L = 0, if r    ar

L

fr
L = 1, if ar

L r    br
L

fr
L = 1, if br

L r cr
L

fr
L = ( dr

L - r ) / ( dr
L - cr

L ), if cr
L r dr

L

fr
L = 0, if dr

L r                       

ar
L br

L cr
L dr

L

ar
L = 0.0, br

L = 0.0, cr
L = 0.4, dr

L= 0.6         

ar
L br

L

fr
M

medium repair utilisation factor
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fr
M = 0, if r ar

M

fr
M = ( r - ar

M ) / ( br
M - ar

M ), if ar
M r br

M

fr
M = ( cr

M - r ) / ( cr
M - br

M ), if br
M r cr

M

fr
M = 0, if cr

M r                     

ar
M br

M cr
M

ar
M = 0.4, br

M = 0.6, cr
M = 0.8            

fr
H

high input repair utilisation factor

fr
H = 0, if r ar

H

fr
H = ( r - ar

H ) / ( br
H - ar

H ), if ar
H r    br

H

fr
H = 1, if br

H r cr
H

fr
H = 1, if cr

H r dr
H

fr
H = 0, if dr

H r                      

ar
H br

H cr
H dr

H

ar
H = 0.6, br

H = 0.8, cr
H = 1.0, dr

H= 1.0         

cr
H dr

H

fs
S

small number of servers

fs
S = 0, if s    as

S

fs
S = 1, if as

S s    bs
S

fs
S = 1, if bs

S s cs
S

fs
S = ( ds

S - s ) / ( ds
S - cs

S ), if cs
S s ds

S

fs
S = 0, if ds

S s                      (26)

as
S bs

S cs
S ds

S

as
S = 0.0, bs

S = 0.0, cs
S = 0.15, ds

S= 0.35       

as
S bs

S

fs
M

medium number of servers

fs
M = 0, if s as

M

fs
M = ( s - as

M ) / ( bs
M - as

M ), if as
M s    bs

M

fs
M = ( cs

M - s ) / ( cs
M - bs

M ), if bs
M s cs

M

fs
M = 0, if cs

M s                      

as
M bs

M cs
M
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as
M = 0.3, bs

M = 0.5, cs
M = 0.7               

fs
H

high number of servers

fs
H = 0, if s as

H

fs
H = ( s - as

H ) / ( bs
H - as

H ), if as
H s    bs

H

fs
H = 1, if bs

H s cs
H

fs
H = 1, if cs

H s ds
H

fs
H = 0, if ds

H s                     (30

as
H bs

H cs
H ds

H

as
H = 0.6, bs

H = 0.8, cs
H = 1.0, ds

H= 1.0       

cs
H ds

H

fd
VS

very short mean delay of service

fd
VS = 0, if d    ad

VS

fd
VS = 1, if ad

VS d    bd
VS

fd
VS = 1, if bd

VS d cd
VS

fd
VS = ( dd

VS - d ) / ( dd
VS - cd

VS ), if cd
VS d dd

VS

fd
VS = 0, if dd

VS d                     

ad
VS bd

VS cd
VS dd

VS

ad
VS = 0.0, bd

VS = 0.0, cd
VS = 0.1, dd

VS= 0.3

as
S bs

S

fd
S

short mean delay of service

fd
S = 0, if d ad

S

fd
S = ( d - ad

S ) / ( bd
S - ad

S ), if ad
S d bd

S

fd
S = ( cd

S - d ) / ( cd
S - bd

S ), if bd
S d cd

S
  

fd
S = 0, if cd

S d                     

ad
S bd

S cd
S

ad
S = 0.1, bd

S = 0.3, cd
S = 0.5               

fd
M

medium mean delay of service

fd
M = 0, if d ad

M

fd
M = ( d - ad

M ) / ( bd
M - ad

M ), if ad
M d    bd

M

fd
M = 1, if bd

M d cd
M

fd
M = 1, if cd

M d dd
M

  

fd
M = 0, if dd

M d                     
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ad
M bd

M cd
M dd

M

ad
M = 0.4, bd

M = 0.6, cd
M = 1.0, dd

M= 1.0        

cd
M dd

M

                     g1
VS = min ( fr

L,  fs
S,  fd

VS ) =

                         min (0.5, 0, 0.25) = 0                    

                      g2
VS = min ( fr

L,  fs
S,  fd

S ) =

                        min (0.5, 0, 0.75) = 0                       

                     g3
VS = min ( fr

L,  fs
S,  fd

M ) = 

                         min (0.5, 0, 0) = 0                         

                    g4
VS = min ( fr

L,  fs
M,  fd

VS ) = 

                    min (0.5, 0.25, 0.25) = 0.25                  

                     g5
VS = min ( fr

L,  fs
M,  fd

S ) = 

                     min (0.5, 0.25, 0.75) = 0.25              

                      g6
VS = min ( fr

L,  fs
M,  fd

M ) = 

                         min (0.5, 0.25, 0) = 0                   

                       g7
S = min ( fr

L,  fs
L,  fd

VS ) = 

                      min (0.5, 0.25, 0.25) = 0.25              

                        g 8
S = min ( fr

L,  fs
L,  fd

S ) = 

                      min (0.5, 0.25, 0.75) = 0.25              

                      g9
VS = min ( fr

L,  fs
L,  fd

M ) = 

                          min (0.5, 0.25, 0) = 0                    

                      g10
S = min ( fr

M,  fs
S,  fd

VS ) = 

                           min (0.5, 0, 0.25) = 0                   

                      g11
VS = min ( fr

M,  fs
S,  fd

S ) = 

                           min (0.5, 0, 0.75) = 0                   

                      g12
VS = min ( fr

M,  fs
S,  fd

M ) = 

                            min (0.5, 0, 0) = 0                    

                     g13
RS = min ( fr

M,  fs
M,  fd

VS ) = 

                      min (0.5, 0.25, 0.25) = 0.25             

                       g14
S = min ( fr

M,  fs
M,  fd

S ) = 

                      min (0.5, 0.25, 0.75) = 0.25           

                     g15
VS = min ( fr

M,  fs
M,  fd

M ) = 

                          min (0.5, 0.25, 0) = 0                     

                     g16
M = min ( fr

M,  fs
L,  fd

VS ) = 

                      min (0.5, 0.25, 0.25) = 0.25               

                      g17
RS = min ( fr

M,  fs
L,  fd

S ) = 

                      min (0.5, 0.25, 0.75) = 0.25               

                  g18
S = min ( fr

M,  fs
L,  fd

M ) = 
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                     min (0.5, 0.25, 0) = 0                         

                g19
VL = min ( fr

H,  fs
S,  fd

VS ) = 

                     min (0, 0, 0.25) = 0                           

                  g20
L = min ( fr

H,  fs
S,  fd

S ) = 

                       min (0, 0, 0.75) = 0                         

                 g21
M = min ( fr

H,  fs
S,  fd

M ) = 

                         min (0, 0, 0) = 0                            

                g22
M = min ( fr

H,  fs
M,  fd

VS ) = 

                min (0, 0.25, 0.25) = 0                       

                 g23
M = min ( fr

H,  fs
M,  fd

S ) = 

                     min (0, 0.25, 0.75) = 0                     

                 g24
S = min ( fr

H,  fs
M,  fd

M ) = 

              min (0, 0.25, 0) = 0                        

               g25
RL = min ( fr

H,  fs
L,  fd

VS ) = 

                    min (0, 0.25, 0.25) = 0                         

                 g26
M = min ( fr

H,  fs
L,  fd

S ) =

                     min (0, 0.25, 0.75) = 0                        

                 g27
RS = min ( fr

H,  fs
L,  fd

M ) = 

                       min (0, 0.25, 0) = 0.                        

                Group VS: g1
VS = 0, g2

VS = 0, g3
VS = 0,

             g4
VS = 0.25, g5

VS = 0.25, g6
VS = 0, g9

VS = 0,

                     g11
VS = 0, g12

VS = 0, g15
VS = 0           

             Group S: g7
S = 0.25, g8

S = 0.25, g10
S = 0, 

                      g14
S = 0.25, g18

S = 0, g24
S = 0          

                        Group RS: g13
RS = 0.25, 

                           g17
RS = 0.25, g27

RS = 0               

                 Group M: g16
M = 0.25, g21

M = 0, 

                   g22
M = 0, g23

M = 0.25, g26
M = 0        

                            Group RL: g25
RL = 0               

                              Group L: g20
L = 0                  

                        Group VL: g19
VL = 0.              

                         Group VS: g4
VS = 0.2              

                      Group S: g7
S = 0.25                         

                         Group RS: g13
RS = 0.25           

                       Group M: g16
M = 0.25              

                      Group RL: g25
RL = 0                 

                      Group L: g20
L = 0                

                      Group VL: g19
VL = 0.               

F4 = {0.25/0, 0.25/0.1, 0.25/0.2, 0/0.3,  0/0.4, 0/0.5, 
0/0.6, 0/0.7, 0/0.8, 0/0.9, 0/1}              
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F7 = {0/0, 0.25/0.1, 0.25/0.2, 0.25/0.3, 0/0.4, 0/0.5, 
0/0.6, 0/0.7, 0/0.8, 0/0.9, 0/1}    

F13 = {0/0, 0/0.1, 0/0.2, 0.25/0.3, 0.25/0.4, 0/0.5, 0/0.6,  
0/0.7, 0/0.8, 0/0.9, 0/1}                

F16 = {0/0, 0/0.1, 0/0.2, 0/0.3, 0.25/0.4, 0.25/0.5, 
0.25/0.6, 0/0.7, 0/0.8, 0/0.9, 0/1}

F25 = {0/0, 0/0.1, 0/0.2, 0/0.3, 0/0.4, 0/0.5, 0/0.6, 0/0.7, 
0/0.8, 0/0.9, 0/1}

F20 = {0/0, 0/0.1, 0/0.2, 0/0.3, 0/0.4, 0/0.5, 0/0.6, 0/0.7, 
0/0.8, 0/0.9, 0/1}

F19 = {0/0, 0/0.1, 0/0.2, 0/0.3, 0/0.4, 0/0.5, 0/0.6, 0/0.7, 
0/0.8, 0/0.9, 0/1}

F = F4 or F7 or F13 orF16 or F25 or F20 or F19 = 

{0.25/0, 0.25/0.1, 0.25/0.2, 0.25/0.3, 0.25/0.4, 

0.25/0.5, 0.25/0.6, 0/0.7, 0/0.8, 0/0.9, 0/1}

F
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5. Performance Evaluation 
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m
w

n t
h

                               EOCS =

EOFU
CS + EOAP

CS + EOIM
CS + EOAG

CS + EODE
CS =

(6 . m . w . n . h ) + (w + m 2) . w m-1. n . h +

(7 . w m. t . n . h )+ (w m 1) . t . n . h +

                      (3 . t 1) . n . h =

[(8 . t + 1). w m + (m 2) . w m-1 +

              6 . m . w + 2 . t 1] . n . h            

                             EOHS =

EOFU
HS + EOAP

HS + EOIM
HS + EOAG

HS + EODE
HS =

(m 1) . (12 . w . n . h ) + (m 1) . w 2. n . h +

                 (m 1) . (7 . w 2. t . n . h ) + 

                 (m 1) . (w 2 1) . t . n . h + 

          (m 1) . (3 . t 1) . n . h =

(m 1) . [(8 . t + 1) . w 2 + 12 . w + 

                    2 . t 1] . n . h                         (88)

                              EOFS =

                     EOFU
FS + EOAP

FS + EOIM
FS +

                     EOAG
FS + EODE

FS + EOCO
FS =

(6 . m . w . n . h ) + (w + m 2) . w m-1. n . h + 

               (7 . w . t . n . h ) + (w 1) . t . n . h + 

                (3 . t 1) . n . h + (w m w) . n . h =

[2 . w m + (m 2) . w m-1 + (6 . m 1) . w +

                (8 . w + 2). t 1] . n . h.                  (89)

n h

m w t
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n = 1; h = 1; m = 2,3,4; w = 3,5,7,9,11; 

t = 7,13,19,25,31                               

t = 3 . w  2                                    

6. Conclusion 
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