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3 Fast Simulation of SANs Using POR Technique 
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#(.2%* "3* #()2* '-&+* R$3'* '=(* 3"#8%2* 8&)'34* O+* '-"3* #(.2%* 3'"%%* '-2)2* "3* +(* 2:2+'*
7(##(+%S*"+*! , *&+.*! - 4*5-2*#(.2%*8)232+'2.*"+*A"9$)2*>*(,:"($3%S*-&3*'=(*328&)&'2*

8&)'3T*

*
A"9$)2*>4*?*!?@*#(.2%*="'-*&*)&)2*2:2+'*

*

5&,%2*J4*123$%'3*(6*3"#$%&'"(+*(6*!?@*#(.2%*)28)23+'2.*(6*A"9$)2*>*

Method 1-P Time(s) Results Replications Confidence 
Interval 

Er ror  

@&C:2*

3"#$%&'"(+*

D* FHMF4GHI* J4HBEMIFHFE>LDHE* GEIEJHHH* J4HFK>EB>HM>LDHK* J4EKN*

/01* H4H>EGMKMB* >F4IFF* >4GJE>JFJMBJLDHE* MFMIEHHH* >4GJGMJIMFMFLDHK* F4MIN*

 
5&,%2*G4*?7'":"'"23*(6*!?@*#(.2%*(6*A"9$)2*>*

Timed Activity  Distr ibution Parameters 
./" 0' LP8(+2+'"&%*MHH*

./" 1' LP8(+2+'"&%*MH*

./" 2' LP8(+2+'"&%*MH*

./" , ' LP8(+2+'"&%*MH*

3$+#4#*#5"' LP8(+2+'"&%*H4HHHM*

*
*O+* '-2*#(.2%*8)232+'2.*"+*A"9$)2*>Q* '-2*"+"'"&%*#&)U"+93*(6*&%%*8%&723*2P728'*6)$/ #, *
&)2*V2)(4*6)$/#, *-&3*(+2*'(U2+*"+*"'3*"+"'"&%*#&)U"+934*5-2*32'3*W! , Q' ! - Q*" , Q*" - X*(6*'-"3*

#(.2%* -&:2* 3-(=+* "+* WMKX* &+.* WMIX* 3(* R$3'* 322* '-2* )23$%'* (6* 3"#$%&'"(+* "+* '&,%2* G4*

123$%'3* "+* '-"3* '23'*&)2*&%3(*7(#8&)2.*="'-*($'8$'3*(6* 3'2&.S*3'&'2*3(%:2)*(6*;<,"$3*

3(6'=&)24*
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4.3 Example 3: Two Rare Events 
! "#$%&' ( #)*+, - .) /#0 )#1%22")#+#, 2( ) .#0 &$%#$0 2#' +' )#)3)4$"5#6%&"#, 2( ) .#%+"#+#"- )1&+.#
- ' 2- ) ' $7#$%+$#, +8)#&$#( &"$&49: &"%)( #;' 2, #- ' )3&2: "#"+, - .) "5#<4#$%)#- ' ) ")4$)( #, 2( ) ./#! ! "
+4( "! #"")$"#%+3)#"2, )#12, , 24#)3)4$"#&4#$%)&'#, ) , =) ' "5#> )#&4$) ' ) "$)( #&4#$%&"#, 2( ) .#
;' 2, #$%&"#3&)0 #$%+$#24.7#?: "$#24)#+1$&3&$7#&"#' ) , 23)( #;2' #;+"$#"&, : .+$&24#=7#2: ' #, )$%2( #
%20 )3) ' #+..#- .+1)"#"$&..#122- ) ' +$)#&4#"&, : .+$&245#@2$&1)#$%+$#&4#- ' )3&2: "#"+, - .)#"2, )#
- .+1)"#92)"#+0 +7#;' 2, #"&, : .+$&245#6%)#, 2( ) .#&"#"%20 4#&4#A&9: ' )#B5#6%)#&4( &1+$2'#
;: 41$&24#- 2&4$"#$2#;+&.#)3)4$"#"2C#$%)#92+.#&"#12, - : $&49#$%)#;2..20 &49#' )0 +' ( #3+'&+=.)D#

!"

!
#
$

%

%
&

'
$%&'()*&)+,-%./

$%&'()*&0/1203
$2)-+204

$2)-+204
5

E
FGH

FIH
#

HGBF#

J)$"#! ! /"! #"+' )#+"#=) .20 #

FKG/G/LH

F/I/I/LMH

FKL/LMH

G

I

0/,2)0$2)-0/6%/.(7*8

0/,2)0$2)-0/6%/.(7*8

3*&/7*80/6%/.(7*8

'(

'(
#

HGNF#

<4#$%)#- ' )3&2: "#)*+, - .) "/#$%)#"$+' $#"$+$)#2;#- +$%"#&"#"+, )#+"#$%)#"$+'$#"$+$)#( ) ;&4)( #;2' #
, 2( ) ./#=: $#&4#$%&"#, 2( ) .#$2#"&, - .&;7#$%)#- +$%"#0 )#%+3)#1%+49)( #$%)#")$"#+"#=) ..20 D#

FKL/G/GH

F/L/I/IMH

FKL/LMH

G

I

0/6%/.(7*80/,2)0$2)-

0/6%/.(7*80/,2)0$2)-

0/6%/.(7*83*&/7*8

'(

'(
#

HGOF#

<$#, )+4"#$%+$#$%)#"$+'$#"$+$)#&"#H7*893*)&: ;"I F#, +'8&49#H$%)#.+"$#12, , 24#"$+$)#=)$0 ))4#
$02#")$"F5#<4#124$&4:)#0 )#() ;&4)#

) *
) *G/I/G/I/L

L

G

I

0/,2)00/,2)0$2)-$2)-0/6%/.(7*8

3*&/7*8

'+

'+ # HGPF#

! "#") )4#&4#HGPF#7*890/ 6%/ . ("&"#12, , 24#=)$0 ))4#$0 2#- +$%#")$"#%20 )3) ' #+$#.+"$#&$#
, 23)( #$2#" #" ")$5#<4( &1+$2' #2;##<#- 2&4$"#$2#12, - .)$&49#2;#+1$&3&$7#7*893*&/ #+4( #
7*890/ 6%/ .(# &4# ")Q: )41)5# J&, - .7# =)1+: ")# 12, - .)$&49# ")Q: )41)# $2)-;" 0/ , 2)0;"
7*89' )Q: )"$#&"#+#'+' )#)3)4$/#=#1+4#12, - : $&49#=7#": - - 2"&49#$%)#+..#$28)4"#&4#)3-/ #- .+1)#
&"#, 23)( #&4#=7#12, - .)$&49#7*893*&/ #+1$&3&$75#! #' )0 +' ( #3+' &+=.)#1+4#=)#( ) ;&4)( #;2' #
$%&"#- : '- 2")5#R);&4&$&24#2;#$%&"#3+'&+=.)#&"#+"#;2..20"D#

"
#
$

%

%
'

$%&'()*&)+,-%./

$%&'()*&0/1203)3-/+204
5

E

FH # HGSF#

T'2=+=&.&$7#2;#=<"&"#$%)#3+.: )#2;#)3+.: +$&49#2;#$%)#3+' &+=.)#&4#HGSF5#U20 )3) ' #$%&"#
' )0 +' ( #3+' &+=.)#&"#42$#+1$: +..7#+"#"+, )#+"#+4+.7$&1#( ) ;&4&$&24#2;#&4( &1+$2' #2;##<#=: $#&4#
- ' +1$&1)#$%)7#+' )#": 1%#1.2")#$%+$#1+4#=)#+"": , )#24)5#@20 #, 2( ) .#1+4#=)#"&, : .+$)( #
)+"&.7#=7#' ) , 23&49#7*893*&/ #+1$&3&$7#+4( #: "&49#I V=<#- ' 2=+=&.&$7#;2' #=&+"&49#$%)#
)"$&, +$2'5#W)": .$#2;#$%&"#"&, : .+$&24#&"#"%20 4#&4#$+=.)#HOF5#6%&"#, 2( ) .#&"#12, - +' ) ( #
0 &$%#' )": .$"#2;#"$)+( 7V"$+$)#"2.3) ' #2;#X Y=&: "#, 2( ) ..&49#$22.5##
#
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! "#$%&'()' * '+* , '-./& 0'1 "23'21 .' %4%&'&5&627'
 

8490&': )';62"40'- 4%<"6#7'. ='+* , '- . / &0'. ='! "#$%&'( '

Place Names Initial Markings 
!" #$%% >'
&' !#( %% ?'
&' !#) %% ?'
*+, - " +!. / % ?'

'
8490&'@)'* A2"5"2B'. ='+* , '- . / &0'. ='! "#$%&'( '

Timed Activity  Distr ibution Parameters 
*+, - 0$12$34% CDE. 6&62"40'>??'
*+, - " +. $% CDE. 6&62"40'>???'
&' !#( % CDE. 6&62"40'?)???>'
&' !#) % CDE. 6&62"40'?)????>'
5$6' !0( % CDE. 6&62"40'>'
5$6' !0) % CDE. 6&62"40'>?'

'
8490&'F)'G&7$027'.='7"-$ 042".6 '.='+* , '- ./&0'%&E%&762&/'. ='! "#$%&'('

Method 1-P Time(s) Results Replications Confidence 
Interval 

Er ror  

, 4H5&'
7"- $042". 6'

I' J:>@):(?' @):K: @:@FJ@>CI?L' >KJ>????' @):?MM(: : (F@CI?: ' M)@KN'

OPG' ?)?F?FJ@( ( ' :@@)(M:' F)>( M>J(??: ?CI?L' >????????' J)??L>J( >JKKCI?: ' ?)JFN'

4.4 Example 4: POR vs. IS 
! . %'0472'&D4- E0&'. ='E%&7&62&/ '- &23. / Q'1 &'2&72'2342'. 6'4'- . / &0'72$/ "&/ '9B'P940';;'46/ '
+46/&%7'R'JLS' =. %' ;+' 2&A36"T$&' E%&7&62"6#' "6' 7 #40' 89: )' 83"7' - . / &0' A46' 9&' 7&&6' "6'
! "#$%&' L)' P940' ;;' 72$/ B' 23&' $6%&0"49"0"2B' . =' 23"7' - . / &0' . 5&%' 46' "62&%540' . =' 2"- &)' 83"7'
A46'9&'A. - E$2&/ '23%. $#3'46' !. 34' . 4%+;%4!<$%0$=' 0" %>' 0!' , #$'1 3&6'23&'7B72&- '=4"0$%&'
- 4%<"6#' "7' 46' 497. %9"6#' - 4%<"6#' 9B' &D4- "6"6#' 23&' "67246246&. $7' %42&' %&1 4%/ ' 42' 23&'
&6/ ' . ='"62&%540'R'JLS)'U . / &0'"7'4'<'?@!.$A0$6'!0<'.%3B34$<'2342'$7&7'4' / &04B&/ '#%. $E'
%&E4"%'E. 0"AB)'83&%&'4%&'21 . '2BE&7'. ='A. - E. 6&627'"6'23&'7B72&- Q'1 "23'/ "==&%&62'=4"0$%&'
%42&7)'83&'E04A&7'049&0&/ '2BE&'>'46/ '2BE&'J' - . / &0'23&'21 . '2BE&7' . ='A. - E. 6&627)'83&'
- 4%<"6#' . ='&4A3'E04A&'%&E%&7&627'23&'6$- 9&%'. ='1 . %<"6#'A. - E. 6&627' . ='2342'2BE&)' ;6'
23"7'A47&Q'23&%&'4%&'21 . ' 4B6$A+. $'A. - E. 6&627Q'46/ '=. $%'4B6$A4=+'A. - E. 6&627)' 8"- &/ '
4A2"5"2"&7' ;' !#- ( ' 46/ ' ;' !#- ) ' - . / &0' 23&' 2"- &' 9&21 &&6' =4"0$%&7' =. %' &4A3' A. - E. 6&62)' * 7'
73. 1 6' "6' 8490&' >>Q' 23&' =4"0$%&' 2"- &7' 4%&' &DE. 6&62"400B' / "72%"9$2&/ ' 1 "23' - 4%<"6#'
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! "#"$! "$%&' (%"&#( ' ( ) "%"' *+&, &-. ) #. $"$%&. /&%0#"1. $"&/(23*&4 2%5&' (%"&6+6678&4 523"&
- . ) #. $"$%*&. /&%0#"1%4 . &/(23&(%&%4 2-"&%5(%&' (%"+&95"&: *"&. /&) ( ' ; 2$<&! "#"$! "$%&' (%"&
#( ' ( ) "%"' *&(33. 4 *&: *&%. &(=. 2! &2$-3: ! 2$<&($&(-%2=2%0&/. '&"( -5&-. ) #. $"$%>*&/(23: ' "&%2) "&
! 2*%'2?: %2. $8&' "*: 3%2$<&2$&(&) . ' "&- . ) #(-%&' "#' "*"$%(%2. $+&

&

@2<: ' "&A+&95"&! " #$%&' ()' * " %)! " &&) . ! "3&#' "*"$%"! &?0&B?(3&CC&

&
9(?3"&D6+&C$%2(3&) ( ';2$<*&. /&E, F&).!"3& . /&@2<: '"&A&

Place Names Initial Markings 
+, * ' - . // G&
+, * ' - 0/ H&
1" %2'3-./ 6&
1" %2'3-0/ 6&

&
9(?3"&DD+&, -%2=2%0&. /&E, F&) . ! "3&. /&@2<: ' "&A&

Timed Activity  Distr ibution Parameters 
1" %2- . / I J#. $"$%2(3&6+667KL ( ' ; M+, * ' - . N&
1" %2- 0/ I J#. $"$%2(3&6+6DKL ( ' ; M+,*'-0 N&
)' * " %)/ IJ#.$"$%2(3&D&

&
9(?3"&DG+&, -%2=2%0&. /&E, F&) . ! "3&. /&@2<: ' "&A&

Gate  Enable Predicate Function 
*42%#, / M%0#"OD1PL ( ' ; MN&P&6&QQ&

%0#"OG1PL ( ' ; MN&P&6N&RR&&
M/(23"! OD1PL ( ' ; MN&SS&G&QQ&
/(23"! OG1PL ( ' ; MN&P&DN&
&

2/&M/(23"! OD1PL ( ' ; MN&SS&GN&&
T&
& /(23"! OD1PL ( ' ; MNS6U&
& %0#"OD1PL ( ' ; MN&S&GU&
V&
"3*"&
T&
& /(23"! OG1PL ( ' ; MN&S&6U&
& %0#"OG1PL (' ; MN&S&HU&
V&

95"&) ( ' ; 2$<*&. /&#3(- "*&1" %2' 3- . &($! &1" %2' 3- 0&' "#' "*"$%&%5"&$: ) ?"' &. /&- . ) #. $"$%*&. /&
"(-5&%0#"&%5(%&5(="&/(23"! +&95"' "&2*&. $"&' "#(2' ) ($&2$&%5"&*0*%") +&95"&' "#(2'&#. 32-0&2*&
%. &4 (2%&: $%23&(%&3"(*%&%4 . &- . ) #. $"$%*&. /&%5"&*( ) "&%0#"&5(="&/(23"! 8&($! &%5"$&?"<2$&%. &
' "#(2' &%5"&4 5. 3"&<' . : #+&90#"1. $"&- . ) #. $"$%&' "#(2'&2*&<2="$&#' "") #%2="&#' 2. ' 2%0&. ="' &
' "#(2' &. /&%0#"1%4 . &- . ) #. $"$%*+&W5"$&%5"&' "#(2'&2*&- . ) #3"%"! 8&(33&-. ) #. $"$%*&. /&%5(%&
%0#"&( ' "&(*&<. . ! &(*&$"4 +&952*&' "#(2'&#. 32-0&2*&2) #3") "$%"! &2$&%5"&2$#: %&<(%"&#. 32-0+&
95"&#' . #" ' %2"*&. /&*42%#, &( ' "&*5. 4 $&2$&%(?3"&DG+&+, * ' - . 1PL(';MN&#.2$%*&%.&)(';2$<& ./ &
+, * ' - D&($! &*. &. $+&C/&(33&- . ) #. $"$%*&. /&?. %5&%0#"*&/(238&%5"&*0*%") &/(23*8&($! &(33&' "#(2' &
(-%2=2%0&5(3%*U&%5"&/(23"! &*%(%"&2*&($&(?*. ' ?2$<&*%(%"+&
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! " #$%&' () ' *+" , $" -$) , #%(+' . +(+*/ $" -$0 " 1%($' $#%2 ' #1$&' #+' . (%$+3$) 3%14$5 $#%2 ' #1$3*#) 6*) #%$
*7' *$+1%, *+-/ $*7%$-' +(%1$3*' *%$+3$

!"

!
#

$

%

%
"
#
$

&
!"#$%&'#&()*"+,

!"#$%&'#-,./-0
'%1,-.&+,

%2),/#0%2),&!
3

8
8

98:;<=98:><=> $
=?89$

@" ' ($+3$6" 0 A) *+, B$*7%$) , #%(+' . +(+*/ $+, $+, *%#&' ($C8:>88D4$E7+3$6' , $. %$1" , %$. / $) 3+, B$
#%2 ' #1$&' #+' . (%$' 3$+, 3*' , *$" -$*+0 %$#%2 ' #1$&' #+' . (%4$
! " #$) 3+, B$*7+3$0 " 1%($+, $FGH$0 %*7" 1:$2 %$0 ) 3*$. #%' I $+*$+, *" $*2 " $A' #*34$! " #$*7+3$
A) #A" 3%$2 %$1%-+, %$*2 " $*/ A%$" -$#%A' +#J$-, ) / &-4%2) , 456' , 1$-, ) / &-4%2) , 478$K' 67$#%A' +#$
*/ A%$, " *%$*" $#%A' +#+, B$" -$" , %$*/ A%$%4B4$-, ) / &-4%2) , 45$+3$#%A' +#$' 6*+&+*/ $" , $*/ A%$" , %$
6" 0 A" , %, *34$5 (3" $' 3$1%36#+. %1$. %-" #%$*7%$3*' #*$3*' *%$-" #$1%-+, +, B$6/ 6(%$+3$*7%$(' 3*$
0 ' #I +, B$6" 0 0 " , $. %*2 %%, $*2 " $A' #*34$E7+3$3*' *%$3+0 A(/ $+3$L=!/ &*, 045:$; 9:$=!/ &*, 0479$M9N$
2 7%, $3/ 3*%0 $-' +(3$' , 1$L=!/ &*, 045:$; 9N$" #$L=!/ &*, 0479$; 9N$2 7%, $-, ) / &-$%, ' . (%14$O" $3%*3$
! 5:6! 76' #%$' 3$. %(" 2 $

9NL=

9:444N;:;:;<=9:>:>:><L=

;

>

+2+%,(!/&*

!/&*!/&*%2),-,)/&-!/&*!/&*%2),-,)/&-

&'

%%&' $ =?>9$

! 5$0%0.%#3$' #%$*7"3%$2 7"$#),$-, ) / &-$' 6*+&+*/ $7" 2 %&%#$! ; $7' 3$" , (/ $" , %$0 %0 . %#$*7' *$
+3$-' +($3*' *%4$P-$2 %$6" , *+, ) %$*7+3$A' #*+*+" , +, B:$-" #$6" 0 A) *+, B$: $2 %$0 ) 3*$%&' () ' *%$
-" ((" 2 +, B$A#" . ' . +(+*/ $2 7%, $' $6" 0 A" , %, *$-' +(4$

9=9=
9=

9=9=

9=
>

;>

;

-,)/&-:+2+%,(!/&*:
+2+%,(!/&*:

::

:
:

(
&

'('

'
&% $ =?; 9$

E7+3$A#" . ' . +(+*/ $+3$' $#' #%$%&%, *$' , 1$+3$3' 0 %$' 3$-+, 1+, B$) , #%(+' . +(+*/ 4$O" $+, $*7+3$0 " 1%($
2 %$) 3%$3" 0 %$" *7%#$! 63%*34$E7%3%$, %2 $3%*3$7" 2 %&%#$1" %3$, " *$6" 0 A(%*%$A) 37$#' #%$
%&%, *3$" , $" , %$A' #*$' , 1$" *7%#$%&%, *3$+, $" *7%#$A' #*:$7%(A$3+0 ) (' *+" , $+, $' $2 ' / $*" $#%1) 6%$
*+0 %$' , 1$&' #+' , 6%4$Q%2 $3%*3$1%-+, %1$' 3$

:4449N;<=9:L=

:4449N><L=

;

>

%2),-,)/&-+2+%,(!/&*

%2),-,)/&-

%&'

%&' $ =??9$

E7+3$A' #*+*+" , +, B$. #%' I 3$3/ 3*%0 $+, *" $" , %$A' #*$*7' *$6" , *' +, $#%A' +#+, B$" -$*/ A%$" , %$
6" 0 A" , %, *3$' , 1$' , " *7%#$A' #*$7' 3$-' +($3*' *%$' , 1$#%A' +#+, B$" -$*/ A%$*2 " $6" 0 A" , %, *34$
Q" 2 $>R: 61%-+, %$' 3$

9;<=9><=9=
9;<=9=

9=9=

9=
>

;>

;

%2),-,)/&-:%2),-,)/&-:+2+%,(!/&*:
%2),-,)/&-:+2+%,(!/&*:

::

:
:

%(%(
%(

&
'('

'
&% $ =?M9$

F#" . ' . +(+*/ $=?; 9$6' , $%&' () ' *%$3+0 A(/ 4$F' #*+*+" , %1$0 " 1%($7' 3$, " $#%A' +#$' 6*+&+*/ $-" #$*/ A%$
" , %$6" 0 A" , %, *34$E7+3$+, 6#%' 3%$*7%$-#%S) %, *(/ $" -$3/ 3*%0 $-' +($2 7+(%$=>R: 9$A#".'. +(+*/ $
7%(A$-" #$. +' 3+, B$*7%$%3*+0 ' *" #4$E7%$#%3) (*$" -$*7+3$3+0 ) (' *+" , $+3$37" 2 , $+, $*' . (%$>M4$
H%3) (*3$" -$G. ' ($PP$3+0 ) (' *+" , $' (3" $A#%3%, *$+, $*' . (%$>?4$
$

E' . (%$>?4$H%3) (*3$" -$3+0 ) (' *+" , $" -$O5 Q$0 " 1%($#%A#%3, *%1$" -$! +B) #%$T$

Method Time(s) Results Replications Error  

Q' U&%$3+0 ) (' *+" , $ TV; ?8$ >4W; KR8T$ ; X?VW888$ ; 84XY $

PO$ >?XW$ >4Z8KR8T$ ??XMZV$ >48;Y$

$
E' . (%$>M4$H%3) (*3$" -$3+0 ) (' *+" , $" -$O5 Q$0 " 1%($#%A#%3, *%1$" -$! +B) #%$T$

Method 1-P Time(s) Results Replications Error  

Q' U&%$
O+0 ) (' *+" , $

R$ >; Z84; 8?$ >4V>VT8WMWWZKR8T$ VZ>X8888$ >84WY $

FGH$ 84>>MV;X?$ V?4;8?$ >4Z>Z?VTXWZ; KR8T$ X>XZ888$ 848>Y$

$
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