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Verification Based Model Localizes Faults from 
Procedural Programs  
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1. Overview 
 

,%-%.-/01 #02 ').#-/01 $#&'-3 /3 )0% )$ -(% *)3- /*4)+-#0- /33&%3 )$ .&++%0- +%3%#+.( 
.)**&0/-56 7#05 %$$)+-3 (#8% 9%%0 -#:%0 -) /*4+)8% 3)$-;#+% 2%8%')4*%0- #02 -) 4+%8%0- 
$#&'-36 <&- 3-/'' 3)$-;#+% $#&'-3 4)3% -(% *)3- .(#''%01/01 4+)9'%*3 -) 3)$-;#+% %01/0%%+36 
=#&'- ').#'/>#-/)0 /3 # *)3- .(#''%01%#9'% -#3: 2&+/01 -(% 2%9&11/01 4+).%336 =#&'- 
').#'/>#-/)0 /3 -(% 0%?- 3-%4 #$-%+ 2%-%.-/01 $#&'-3 /0 4+)1+#*36 @3% )$ $#&'- ').#'/>#-/)0 /0 
.)0-+)' %01/0%%+/01 ;(%+% %01/0%%+3 )$-%0 %*4')5 -(% 4+).%2&+#' 4+)1+#**/01 4#+#2/1*6 
A$-%0 .)0-+)'3 3)$-;#+% /3 3#$%-5B.+/-/.#' #02 -(&3 2%-%.-/)0 9&- #'3) ').#'/>#-/)0 )$ 9&13 /3 
&--%+*)3- /*4)+-#0-6  
 
C(/3 .(4#-%+ *#:%3 &3% )$ #93-+#.- 2%4%02%0.%3 9%-;%%0 4+)1+#* 8#+/#9'%3 $)+ ').#-/01 #02 
').#'/>/01 $#&'-3 /0 4+).%2&+#' 4+)1+#*36 C(% 3) .#''%2 8%+/$/.#-/)0B9#3%2 7)2%' DE<7F $)+ 
2%9&11/01 /3 #0 %?-%03/)0 )$ 2%4%02%0.% *)2%' $+)* G#.:3)0H3 I34%.- "53-%*J ;(/.( (#3 
9%%0 &3%2 $)+ 8%+/$/.#-/)0 )$ K 4+)1+#*36 C(% I34%.- 353-%* #0#'5>%3 -(% 2%4%02%0.%3 
9%-;%%0 8#+/#9'%3 )$ # 1/8%0 4+)1+#* #02 .)*4#+%3 ;/-( 34%./$/%2 2%4%02%0.%36 
A-(%+;/3%J -(% 4+)1+#* $&'$/''3 -(% 34%./$/.#-/)06 L0 .#3% )$ */3*#-.( -(% 4+)1+#* /3 3#/2 -) 
8/)'#-% -(% 34%./$/.#-/)06 @0$)+-&0#-%'5J -(% I34%.- 353-%* 2)%3 0)- #''); ').#-/01 -(% 
3)&+.% )$ */3*#-.(6 C(% E<7 %?-%023 G#.:3)0H3 /2%# -);#+23 0)- )0'5 2%-%.-/01 9%(#8/)+ 
9&- #'3) ').#'/>/01 *#'$&0.-/)0/01 +%#' .#&3%6 C(% E<7 4%+$)+*3 $/?B4)/0- .)*4&-#-/)0 $)+ 
+%.&+3/8% /08).#-/)0 D/0 #'' .#3%3 ;(%+% ;% )9-#/0 # .5.'/. .#'' 1+#4(F6 M% 4+%3%0-%2 
#'1)+/-(* #02 4+))$ $)+ $/? 4)/0- .)*4&-#-/)0 ;(/.( %03&+%3 -(#- 0) 2%4%02%0.%3 ')33 
2&+/01 /-%+#-/)0 #02 ;% #';#53 +%#.(%2 $/?B4)/0- #$-%+ $/0/-% 0&*9%+ )$ /-%+#-/)036 
=&+-(%+*)+% ;% 4+%3%0- 0)8%' +%3&'-3 )9-#/0%2 $+)* )&+ *)3- +%.%0- .#3% 3-&2/%36 N)-#9'5J 
;(%0%8%+ )&+ 0)8%' *)2%' 2%-%.-3 # 3-+&.-&+#' $#&'-J /- #'3) #44%#+3 -) 9% .#4#9'% )$ 
').#'/>/01 -(% 2%-%.-%2 */39%(#8/)+H3 +%#' .#&3%6 
 
Key Words 

7)2%' <#3%2 O%#3)0/01J ")$-;#+% E%+/$/.#-/)0J ")$-;#+% ,%9&11/01J =#&'- ,%-%.-/)0 #02 
P).#'/>#-/)06  
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2. Introduction 
 

")$-;#+% 8%+/$/.#-/)0 /3 #0 /*4)+-#0- 4(#3% )$ 3)$-;#+% 2%8%')4*%0-6 L0 -(% '#3- 2%.#2% -(% 
3)$-;#+% 8%+/$/.#-/)0 #02 -(% 2%9&11/01 .)**&0/-/%3 (#8% *#2% .)03/2%+#9'% 4+)1+%336 L0 
-(/3 .(#4-%+ ;% $).&3 )0 $#&'- ').#'/>#-/)0 ;(/.( /3 9#3%2 )0 -(% #93-+#.- 2%4%02%0./%3 -(#- 
#+% &3%2 95 -(% I34%.- 353-%* DG#.:3)0 QRRSF $)+ 2%-%.-/01 $#&'-36 C(% 8%+/$/.#-/)0B9#3%2 
*)2%' $)+ 2%9&11/01 /3 #0 %?-%03/)0 )$ -(% 2%4%02%0.% *)2%' $+)* G#.:3)0T3 I34%.- 353-%* 
DG#.:3)0 QRRSF ;(/.( (#3 9%%0 &3%2 $)+ 2%4%02%0.5 9#3%2 8%+/$/.#-/)0 )$ K 4+)1+#*36 C(% 
I34%.- 353-%* #0#'53/3 -(% 2%4%02%0.%3 9%-;%%0 8#+/#9'%3 )$ # 1/8%0 4+)1+#* #02 
.)*4#+%3 -(%* ;/-( -(% 34%./$/%2 2%4%02%0.%36 L0 .#3% )$ # */3*#-.( -(% 4+)1+#* /3 3#/2 -) 
8/)'#-% -(% 34%./$/.#-/)06 A-(%+;/3%J -(% 4+)1+#* $&'$/'3 -(% 34%./$/.#-/)06 @0$)+-&0#-%'5J -(% 
I34%.- 353-%* 2)%3 0)- #''); ').#-/01 -(% 3)&+.% )$ # */3*#-.(6 L0 -(% $)'');/01 ;% %?-%02 
G#.:3)0T3 /2%# -);#+23 0)- )0'5 2%-%.-/01 */39%(#8/)&+ 9&- #'3) ').#'/>/01 -(% 
*#'$&0.-/)0/01 +%#' .#&3%6 
 
I'-()&1( 4+)1+#* 3'/./01J #3 # '/1(-;%/1(- -%.(0/U&%J (#3 3%%0 3&..%33$&' #44'/.#-/)0 /0 
$#&'- ').#'/>#-/)0 DI1+#;#' %- #'6J QRRVJ =+/->3)0 %- #'6J QRRRJ P5'% #02 76 M%/3%+ QRWXJ /-3 
2/3.+/*/0#-/)0 '/:% 7<", DM)-#;# YZZYF6 L0 D[&4%+ QRWRJ M/%'#02 YZZQF -(% #&-()+3 
%*4')5 -(% 0)-/)0 )$ 2%4%02%0.%3 $)+ $#&'- ').#'/>#-/)06 L0 .)0-+#3- -) '#--%+ #44+)#.( ;% 2) 
0)- %*4')5 2%-%.-%2 2/$$%+%0.% /0 8#+/#9'% 8#'&%3 #- # .%+-#/0 '/0% /0 .)2% 9&- &3% )$ 
2/$$%+%0.%3 9%-;%%0 34%./$/%2 #02 .)*4&-%2 2%4%02%0./%3 #02 -(&3 #'3) /0.)+4)+#-% -(% 
3-+&.-&+#' 4+)4%+-/%3 )$ 4+)1+#* #02 34%./$/.#-/)06 C(&3J -(% *)2%'3 /0-+)2&.%2 /0 D[&4%+ 
QRWRJ M/%'#02 YZZQF .#0 0)- 2%#' ;/-( #33%+-/)03 )+ 4+%B #02 4)3- .)02/-/)03 /0 # 
3-+#/1(-$)+;#+2 ;#56  
 
L0 -(/3 .(#4-%+ ;% $).&3 )0 ').#'/>/01 $#&'-3 /0 4+).%2&+#' 4+)1+#*3 #02 2%#'/01 ;/-( 1')9#' 
8#+/#9'%36 \+).%2&+#' 4+)1+#*3 #+% 1%0%+#''5 *)+% .)*4&-#-/)0#''5 %$$/./%0- -(#- )9]%.- 
)+/%0-%2 4+)1+#*3J 9%.#&3% -(%+% /3 '%33 )8%+(%#2 -) (#02'% #93-+#.-/)03 #02 -(% 2#-# 
3-+&.-&+%3 *)+% .')3%'5 +%3%*9'% -(% (#+2;#+% -(#- *&3- *#0/4&'#-% -(%*6 
 
C(% .(#4-%+ /3 )+1#0/>%2 #3 $)'');36 L0 "%.-/)0 V ;% /0-+)2&.% )&+ 8%+/$/.#-/)0 9#3%2 *)2%' 
95 &3/01 *)-/8#-/01 %?#*4'%6 C(% +%3&'-3 #02 2/3.&33/)0 1/8%0 /0 "%.-/)0 ^ +%8%#' -(% 
8%+/$/.#-/)0 9#3%2 *)2%' 4+)8/2%3 # &3%$&' *%#03 $)+ 2%-%.-/01 #02 ').#'/>/01 .)**)0 
%++)+3 $)+ 4+).%2&+#' 4+)1+#*3 #02 4#+-/.&'#+ /0 .)0-%3- )$ 1')9#' 8#+/#9'%36 L0 "%.-/)0 S ;% 
4+%3%0- +%'#-%2 +%3%#+.(6 =&+-(%+ *)+% ;% +%3%0- '/*/-#-/)0 )$ )&+ *)2%' /0 3%.-/)0 _6 =/0#''5 
;% 3&**#+/>% -(% .(#4-%+6 
 

 
3. Motivating Example 
 

L0 -(/3 3%.-/)0 ;% %?4'#/0 -(% 9#3/. /2%# )$ ').#'/>/01 -(% $#&'- 95 .(%.:/01 ;(%-(%+ -(% 4)3- 
.)02/-/)0 /3 3#-/3$5/01 )+ 0)- &3/01 -(% 8%+/$/.#-/)0 9#3%2 *)2%'6 
 
L0 -(/3 .(#4-%+ ;% $).&3 )0 $#&'- ').#'/>#-/)0 ;(/.( /3 9#3%2 )0 #93-+#.- 2%4%02%0./%3 -(#- 
#+% &3%2 95 -(% I34%.- 353-%* DG#.:3)0 QRRSF $)+ 2%-%.-/01 $#&'-36 I93-+#.- 2%4%02%0./%3 #+% 
+%'#-/)03 9%-;%%0 8#+/#9'%3 )$ # 4+)1+#*6 M% 3#5 -(#- # 8#+/#9'% F 2%4%023 )0 # 8#+/#9'% 7/$$ 
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# 0%; 8#'&% $)+ 7 *#5 .#&3%3 # 0%; 8#'&% $)+  F6 =)+ %?#*4'%J -(% #33/10*%0- 3-#-%*%0-  F)))
G)7)H Q  /*4'/%3 3&.( # 2%4%02%0.5 +%'#-/)06 `8%+5 -/*% ;% .(#01% -(% 8#'&% )$ 7 -(% 8#'&% 
)$ F /3 .(#01%2 #$-%+ %?%.&-/01 -(% 3-#-%*%0-6 I0)-(%+ %?#*4'% ;(/.( '%#23 -) -(% 3#*% 
2%4%02%0.5 /3 -(% $)'');/01 4+)1+#* $+#1*%0- D=/16 QFa 
 
)))))))))))))))))))))))))))I+)J7)K)LMN)&>"()
)))))))))))))))))))))))))))))))))O)G)LP)
)))))))))))))))))))))))))))936")
))))))))))))))))))))))))))))))))O)G)MP 

 

=/16 Q6 "/*4'% .)02/-/)0#' 9').: 

 
L0 -(/3 $+#1*%0- 0)- #'' .(#01%3 #44'/%2 -) 7 .#&3% # .(#01% )0 -(% 8#'&% )$ FJ #'-()&1( F 
2%$/0/-%'5 2%4%023 )0 76 C(% I34%.- 353-%* 0); -#:%3 # 4+)1+#*J .)*4&-%3 -(% 
2%4%02%0./%3 #02 .)*4#+%3 -(%* ;/-( -(% 34%./$/%2 2%4%02%0./%36 L$ -(%+% /3 # */3*#-.( 
-(% 353-%* 2%-%.-3 # 9&1 #02 0)-/$/%3 -(% &3%+6 b);%8%+J -(% I34%.- 353-%* 2)%3 0)- 
4/04)/0- -(% +))-B.#&3% )$ -(% 2%-%.-%2 */39%(#8/)+ -) -(% &3%+6 
 
L0 -(% $)'');/01 4+)1+#* $+#1*%0- D=/16 YF ;% %?4'#/0 -(% 9#3/. /2%#3 &3/01 -(% $)'');/01 
3*#'' 4+)1+#* ;(/.( /*4'%*%0-3 -(% .)*4&-#-/)0 )$ -(% ./+.&*$%+%0.% #02 #+%# )$ # ./+.'%6 
C(% 4+)1+#* .)0-#/03 )0% $#&'- /0 '/0% Y ;(%+% # *&'-/4'/.#-/)0 95 ! /3 */33/016 
 

!! #$% &$'% 
)))))))))))))))))))))))))))))))L<))8)G)r)Q)2P)

)))))))))))))))))))))))))))))))))))))))2<)))/)G)8P))SS)T4UV)$)G)8)Q)p0P)
)))))))))))))))))))))))))))))))W<)))/)G)r)Q)r)Q)p0P))))))))))

                                    !! #()& * + $,- ! . / + ,- $- ! 

 

=/16 Y6 K#'.&'#-/)0 )$ ./+.&*$%+%0.% #02 #+%# 

 
C(%3% 2%4%02%0.%3 3)'%'5 #+% 1/8%0 95 # 3-#-%*%0- ;(%0%8%+ ;% #33&*% -(#- -(% 3-#-%*%0- 
/3 .)++%.- D;6+6-6 -(% 2%4%02%0.%3F6 L$ # 3-#-%*%0- /3 #33&*%2 -) 9% /0.)++%.-J -(% 
2%4%02%0.%3 #+% 0)- :0);06 M% %?4+%33 -(% '#--%+ $#.- 95 /0-+)2&./01 # 0%; -54% )$ 
8#+/#9'%J -(% 3) .#''%2 *)2%' 8#+/#9'%36 7)2%' 8#+/#9'%3 #+% 8#+/#9'%3 -(#- ;)+: #3 4'#.%B
()'2%+ $)+ 4+)1+#* 8#+/#9'%36 =)+ %?#*4'%J /$ ;% #33&*% 3-#-%*%0- Y -) 9% /0.)++%.-J ;% 
/0-+)2&.% # *)2%' -(#- 3#53 -(#- 4+)1+#* 8#+/#9'% $ 2%4%023 )0 *)2%' 8#+/#9'% "Y  D;(%+% "Y 
/3 &0/U&%F6  
 
C(% /2%# 9%(/02 )&+ #44+)#.( /3 -) $/02 #33&*4-/)03 #9)&- -(% .)++%.-0%33 #02 
/0.)++%.-0%33 )$ 3-#-%*%0-3 ;(/.( 2) 0)- .)0-+#2/.- # 1/8%0 34%./$/.#-/)06 L0 )&+ +&00/01 
%?#*4'%J -(% 34%./$/.#-/)0 /3 1/8%0 /0 -%+*3 )$ # 4)3-B.)02/-/)06 =+)* -(/3 4)3-B.)02/-/)0 ;% 
2%+/8% -(#- / (#3 -) 2%4%02 )0 r #02 p06 b);%8%+J ;(%0 #33&*/01 3-#-%*%0- Q #02 Y -) 9% 
.)++%.-J ;% 2%+/8% -(#- $ 2%4%023 )0 8 #02 8 /0 -&+0 2%4%023 )0 r ;(/.( '%#23 -) / 2%4%023 
)0 r 9&- 0)- )0 p06 b%0.%J -(% .)*4&-%2 2%4%02%0.% .)0-+#2/.-3 -(% 34%./$/%2 )0%6  
 
 

C) 1%- +/2 )$ -(/3 /0.)03/3-%0.5J ;% */1(- #33&*% '/0% Y -) 9% $#&'-56 b%0.%J ;% .#0 .)*4&-% 
-(#- / 2%4%023 )0 *)2%' 8#+/#9'% "Y6 M(%0 0); .)*4#+/01 -(% 34%./$/.#-/)0 ;/-( -(% 
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.)*4&-%2 2%4%02%0.% ;% 3&93-/-&-% "Y 95 r #02 p0 #02 ;% .#0 0)- 2%+/8% #0 /0.)03/3-%0.5 
#05*)+%6  
 
C(% #&-()+3 )$ DM)-#;# #02 "))*+) YZZSJ \%/3.(' #02 "))*+) YZZ_J "))*+) YZZXF 4+%3%0- # 
2%-#/'%2 $)+*#'/>#-/)0 )$ -(/3 /2%# #02 #'3) 4+%3%0- +&'%3 $)+ *)3- /*4)+-#0- '#01&#1% 
#+-/$#.-3 '/:% #0 #33/10*%0- 3-#-%*%0-J -(% /$B-(%0B%'3% 3-#-%*%0-J ;(/'% '))4 #02 4+).%2&+%36 
L0 -(/3 .(#4-%+ ;% $).&3 )0 *%-()2 /08).#-/)0J 4#+#*%-%+ 3&93-/-&-/)0J +%-&+0 3-#-%*%0- #02 
1')9#' 8#+/#9'%36 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
=/16 V6 "&* #02 4);%+ )$ /0-%1%+ 8#'&%3 

 
L0 =/16 V ;% 3(); #0 %?#*4'% -(#- &3% # *%-()2 -) .)*4&-% -(% 3&* #02 4);%+ )$ /0-%1%+ 
0&*9%+36C(% 4+)1+#* .)0-#/03 )0% *%-()2 ;(/.( .)*4&-%3 -(% 0-( 4);%+ )$ #0 /0-%1%+ 
0&*9%+6  
 

L0 .)*4&-/01 -(% 2%4%02%0.%3 $)+ 4+).%2&+%3 #02 -(%/+ /08).#-/)03 ;% $/+3- .)*4&-% -(% 
2%4%02%0.%3 )$ -(% 4+).%2&+% 9%/01 /08):%26 I$-%+;#+23 ;% 3&93-/-&-% -(% 4+).%2&+%T3 
$)+*#' 4#+#*%-%+3 95 -(% #.-&#' )0%36 M% .#4-&+% +%.&+3/8% /08).#-/)03 95 .)*4&-/01 -(% 
-+#03/-/8%  #02  +%$'%?/8%  .')3&+%  )$   -(%  4+).%2&+%T3   9)25   #02   3&93%U&%0-'5   1%- +/2  )$ 

0.###$$#Pre#conditions#of#class:#true#

1.####pu6lic#class#sumpowers#9#

2.# #int#i;#start;#sum<#

3.# #int#stop;#f<#

4.#### #?#

5.# #?# #

6.### #i#B#start<#

7.## #while#Ei#F#stopG#

8.# #9#

9.# ###sum#B#sum#J#powerEK;fG<##

9.# ###$$#post#Esum;#KG;#Esum;fG;#Esum;#powerG################

10.# ###i#B#i#J#1<## # #################

11.# #L#############################

12.##

13.#####$$Pre-condition#of#method:#true#

15.# #int#powerEKf;efG#9#

1.# ###int#power#B#1<#

2.# ###while#Eef#N#0G#

2.# ###9#

3.######## power#B#power#O#10<#

3.###########$$instead#of#power#B#power#O#Kf#

4.###########ef#B#ef#-#1<#

4.########L#

5.########return#power<#

16########$$#post#9Epower;powerG;Epower;KfG;#Epower;#efGL#

16.####L#

17.######$$EQuation#!"#$%&'#()
$)
#######

17.###L#
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2%4%02%0.%3 /02&.%2 95 ').#' 8#+/#9'%36 =/0#''5J ;% #22 -()3% 2%4%02%0.%3 .#&3%2 95 -(% 
4+).%2&+%T3 +%-&+0 8#'&%36  
L0 =/16 V6J '/0% 0&*9%+ R ;% .#'' -(% *%-()2 p*X"r ;/-( 3)*% 4#+#*%-%+36 C(% 34%./$/.#-/)0 
)$ *%-()2 /3 !"#$%&'()"$%&'(*)"#$%&'()"'+*)""#$%&'()",+*"-6 M(%0 .)*4&-/01 -(% 2%4%02%0.%3 
$+)* -(% *%-()2 ;% 2%+/8% -(%3% 2%4%02%0.%3 !"#$%&'()"$%&'(*)"#$%&'()"'+*)"#'+)"'+*"-. 
 

L0 -(%3% 2%4%02%0.%3 -(% 8#+/#9'% 4#/+ J"+1)"+N #+% 0)- /*4#.-/01 )8%+#'' 2%4%02%0.%36  
") ;% (#8% $/0#' 2%4%02%0.%3 )$ *%-()2 #+% !"#$%&'()"$%&'(*)"#$%&'()"'+*"-6 
M% (#8% -) *#4 $)+*#' -) #.-&#' 4#+#*%-%+3 $+)* -(%3% 2%+/8%2 2%4%02%0.%36 
 

0%1232&2(3 4 56/$/7%&%$ 8'9)&2&'&2(3: 
P%- 8 9% -(% 2%4%02%0.%3 )$ -(% # *%-()2 ' #02 '%- + 9% # $)+*#' 4#+#*%-%+ #02 $ -(% 
.)++%34)02/01 #.-&#' 4#+#*%-%+6 C(% 2%4%02%0.%3 #$-%+ *%-()2 /08).#-/)0 #+% 1/8%0 95  

/01"; 5/< =: > 51< =:  ! ? @ " ; 5A< /: > 5A< 1:  ! ? @-   
 

I$-%+ *#44/01 4#+#*%-%+3 ;% 2%+/8%2 2%4%02%0.%3 #234)"$%&'(*)"#234)"+*") (%+% ;% $/02 # 
.)0-+#2/.-/)0 ;/-( -(% 4)3- .)02/-/)03 !"#234)",*)"#234)"+*)"#234)"$%&'(*"-6 L$ 4)3- .)02/-/)03 
#+%  .)03/3-%0- ;/-( .)*4&-%2 )0%3 -(%0 ;% /0-+)2&.% *)2%' 8#+/#9'%36 M% &3%2 &0/U&% 
*)2%' 8#+/#9'% $)+ %8%+5 #33&*4-/)06 C(% ,%$/0/-/)0 Y 3-#-%3 -(#- (); -) %3-#9'/3( -(% 
+%'#-/)03(/4  9%-;%%0 -(% +%-&+0 8#+/#9'%3 #02 -(% -#+1%- 8#+/#9'% )$ .#''/01 .)0-%?-6    
 
0%1232&2(3 , 5B%&'$3 C/D'%) (1 / E%&F(?: 
 

#I9D? c 4+).D#QJ #YJ dJ #0FF $ 
,D- c 4+).D#QJ #YJ dJ #0FF c  

e-f % e#&D?J #F ! ,D4+).D#QJ #YJ dJ #0FFJ ? ! +%-&+0D4+).Ff 

DQF 

 
I9D- c 4+).D#QJ #YJ dJ #0FF $ 

,D- c 4+).D#QJ #YJ dJ #0FF c eD-J $'FJ D1J $H'F &1 ! gf 
DYF 

 
;(%+% - 2%0)-%3 -(% -#+1%- 8#+/#9'%J 1 1')9#' 8#+/#9'% /0 4+).D9)25F #02 +%-&+0D4+).F /3 # 
$&0.-/)0 +%-&+0/01 -(% +%-&+0 8#'&%3 )$ -(% 4+).%2&+% 4+).6 M(%+% I9 3();3 #90)+*#' #02 
hI9 3();3 0)- #90)+*#' .)02/-/)036 
 

C(% 2%$/0/-/)0 V 3-#-%3 (); -) %3-#9'/3( 2%4%02%0.%3 )$ -(% -;) .)03%.&-/8% 3-#-%*%0-3 )$ 
-(% 4+)1+#*6 

')
0%1232&2(3 G 5H(7#()2&2(3: 

g/8%0 -;) 2%4%02%0.5 +%'#-/)03 OQJ OY ! , )0 E #02 76 C(% .)*4)3/-/)0 )$ OQ #02 OY /3 
2%$/0%2 #3 $)'');3a 
 

OQ % OY c 
 

e D?J5F i  (D?J>F ! OY ) (D>J5F ! OQf " 

  e D?J5F i  (D?J5F ! OQ ) j(D?J>F ! OYf " 

 e D?J5F i  (D?J5F ! OY ) j(D5J>F ! OQf 

DVF 
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C(/3 2%$/0/-/)0 %03&+%3 -(#- 0) /0$)+*#-/)0 /3 ')3- 2&+/01 .)*4&-/01 -(% )8%+#'' 2%4%02%0.5 
+%'#-/)0 $)+ # 4+).%2&+% )+ *%-()26 b%0.%J -(% $/+3- '/0% )$ -(% 2%$/0/-/)0 )$ .)*4)3/-/)0 
(#02'%3 -(% .#3% ;(%+% -(%+% /3 # -+#03/-/8% 2%4%02%0.56 C(% 3%.)02 '/0% 3-#-%3 -(#- #'' 
2%4%02%0./%3 -(#- #+% 0)- +%B2%$/0%2 /0 56 #+% 3-/'' 8#'/26 L0 -(% -(/+2 '/0% #'' 2%4%02%0./%3 
-(#- #+% 2%$/0%2 /0 56 #+% /0 -(% 0%; 2%4%02%0.5 3%- 4+)8/2%2 -(#- -(%+% /3 0) -+#03/-/8/-5 
+%'#-/)06  
 

=)+ .)*9/0/01 -(% 2%4%02%0./%3 )$ -;) .)03%.&-/8% 3-#-%*%0-3 ;% 2%$/0% -(% $)'');/01 
.)*4)3/-/)0 )4%+#-)+ #3 1/8%0 /0 2%$/0/-/)0 V $)+ 2%4%02%0.5 +%'#-/)03 -) )9-#/0 -(% 
$)'');/01 2%4%02%0.%3 7" #" 234"1" $%&'(#" ," )" +" *" *" 1" !" #$%&'()" $%&'(*)" #$%&'()" '+*" -6 I$-%+ 
3&93-/-&-/01 $)+*#' -) #.-&#' 4#+#*%-%+ 2%+/8%2 2%4%02%0.%3 )$ '/0% 0&*9%+ R #+% !" #234)"
$%&'(*)" #234)"+*" - 9&- -(% 4)3- .)02/-/)03 #+%  !" #234)",*)" #234)"+*)" #234)"$%&'(*"-6 b%+% ;% 
$/02 .)0-+#2/.-/)0 9%-;%%0 9)-( 2%4%02%0.%3J 2%+/8%2 )0%3 #02 34%./$/%2 )0%36 
 

L0 )+2%+ -) .)*4#+% # .)*4&-%2 2%4%02%0.% 3%- ;/-( -(% 34%./$/.#-/)0 ;% (#8% -) $/02 # 
3&93-/-&-/)0 -(#- *#:%3 -(% .)*4&-%2 2%4%02%0.% 3%- %U&/8#'%0- -) -(% 34%./$/%2 )0%6 L$ 
-(%+% /3 0) 3&.( 3&93-/-&-/)0 -(% 3%-3 #+% 3#/2 -) 9% /0.)03/3-%0-6 
 

I 3&93-/-&-/)0 ! /3 # $&0.-/)0 ;(/.( *#43 *)2%' 8#+/#9'%3 -) # 3%- )$ 4+)1+#* 8#+/#9'%3J /6%6J 
!a 7 !  YE6 C(% +%3&'- )$ -(% #44'/.#-/)0 )$ -(% 3&93-/-&-/)0 ! )0 # 2%4%02%0.% +%'#-/)0 5 /3 # 
2%4%02%0.% +%'#-/)0 ;(%+% #'' *)2%' 8#+/#9'%3 , /0 5 (#8% 9%%0 +%4'#.%2 95 !"#,*6 
 

M% #33&*% -(#- 3-#-%*%0- R /3 #90)+*#'J ;% -#:% -(% -#+1%- 8#+/#9'% $+)* -(% #33/10*%0- 
3-#-%*%0- #02 /0-+)2&.% # *)2%' 8#+/#9'% D3&*J $RF 6 L0 )+2%+ -) .)*4&-% 2%4%02%0.%3  
;% 2%+/8%  !"#234)"$8*)"#9)"9*)"#9)"2:%$*""-  #02 -(% 3&93-/-&-/)0 8#+/#9'%3 #+% !"#",)"+)"$%&'(*"-6 M% 
0); .)*4#+% -(% 34%./$/.#-/)0 ;/-( -(% .)*4&-%2 2%4%02%0.%3 )9-#/0%2 95 3&93-/-&-/01 $R" 
;/-( !"#",)"+)"$%&'(*"-6 "/0.%J ;% .#0 0)- 2%+/8% #0 /0.)03/3-%0.5 #05*)+%J 3) '/0% 0&*9%+ I /3 
# 9&1 .#02/2#-%6  
")*% #33&*4-/)03 $)+ )-(%+ '/0%3 )$ *%-()2 .#''a 
L$ ;% #33&*% 3-#-%*%0- G -) 9% /0.)++%.- -(%0 ;% .#0 -#:% -(% '%$- 8#+/#9'% $+)* -(% 
#33/10*%0- 3-#-%*%0- #02 /0-+)2&.% # *)2%' 8#+/#9'% -) #++/8% #- #$%&'()" $;*6 I$-%+ 
.)*4&-/01 2%4%02%0.%3 ;/-( -(/3 *)2%' 8#+/#9'% ;% 2%+/8% !#$%&'()" $;*)" #'+)" '+*- #02 
3&93-/-&-/)0 8#+/#9'%3 #+% !" #"$%&'()",+)"'+*" -6 L$ ;% 0); .)*4#+% -(% 34%./$/.#-/)0 ;/-( -(% 
.)*4&-%2 2%4%02%0.%3 )9-#/0%2 95 3&93-/-&-/01 $; 95 !"#"$%&'()",+)"'+*"-) ;% .#0 0) ')01%+ 
2%+/8% /0.)03/3-%0.56 ") '/0% 0&*9%+ G $+)* *%-()2 /3 # 9&1 .#02/2#-%6  
 

I33&*/01 '/0% , -) 9% /0.)++%.-J -(% 2%4%02%0.%3 2%+/8%2 ;/-( *)2%' 8#+/#9'% #+% !#"#$%&'()"
$%&'(*")"#$%&'()"$"6*)"#'+")"'+*"*"-6 N); ;% 3&93-/-&-% -(% *)2%' 8#+/#9'% $+)* 3%- )$ 4+)1+#* 
8#+/#9'%3J /6%J $" 6"1"!"'+)",+)"$%&'("-6 I$-%+ 3&93-/-&-/01 ;% 2%+/8%2 !"#$%&'()"$%&'(*")#$%&'()"
,+*)"#$%&'()"'+*)"#'+" )"'+*"-6 L0 )+2%+ -) #''); -(% 2/+%.- .)*4#+/3)0 )$ 34%./$/%2 2%4%02%0.%3 
;/-( -(% .)*4&-%2 )0%3J ;% /0-+)2&.% # 4+)]%.-/)0 )4%+#-/)0 ;(/.( 2%'%-%3 #'' 2%4%02%0.%3 
$)+ 8#+/#9'%3 ;(/.( (#8% 0) /*4#.- )0 -(% )8%+#'' 2%4%02%0.%3J '/:% #0 /0-%+0#' 8#+/#9'% 4#/+ 
#'+)"'+* $+)* =/16 V6  
 

I 4+)]%.-/)0 /3 2%$/0%2 )0 2%4%02%0.% +%'#-/)03 5"""7 #02 # 3%- )$ 8#+/#9'%3 <"!" "=">"?6 
C(% 4+)]%.-/)0 )$ 5 )0 < ;+/--%0 #3 &I DOF  /3 2%$/0%2 #3 $)'');3 /0 #0 %U&#-/)0 Va 
 

&I DOF c e D?J5F i D?J5F ' O * ? ! I    DSF 
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b);%8%+ ;(%0 #33&*/01 3-#-%*%0- 0&*9%+3 $+)* *%-()2 L121W1Y ;% )9-#/0 -(+%%  
2/#10)3%36 P/0% 0&*9%+3 L121W #+% 3#/2 -) 9% $#&'-5J 9&- '/0% 0&*9%+ ^ 2/2 1%- 3&93-/-&-/)0 3) 
'/0% 0&*9%+ @ /3 0)- $#&'-56 
 

0%1232&2(3 J 5K$%/&7%3& (1 LD(9/D C/$2/9D%): 
C) )9-#/0 2%4%02%0.%3 $)+* 1')9#' 8#+/#9'%3 ;% #+% 2%#'/01 ;/-( -(% $)'');/01 $%#-&+%3  
 

A.!BC%DEC"FE(9EDC'2"94$EG:"HC%DEC"FE(9EDC'2"
 

L$ # 1')9#' 8#+/#9'% 2%4%023 &4)0 1')9#' 8#+/#9'% /0 # 4+)1+#* -(%0 ;% &3% 3/*/'#+ +&'%3 -) 
2%+/8% 2%4%02%0.%3 $+)* 3/*4'% 3-#-%*%0-36 
 

=)+ #0 #33/10*%0- 3-#-%*%0-  H"1"E"I"H -(% 2%4%02%0.%3 #+% #H)"E*)"#H)"H*6 
 

6.!J%GEC"FE(9EDC'"94$EG:"HC%DEC"FE(9EDC'2"
"

L$ # 1')9#' 8#+/#9'% 2%4%023 )0 # ').#' 8#+/#9'% )$ # *%-()2 #02 -(% +%-&+0 8#+/#9'% #'3) 
2%4%023 &4)0 -(% 3#*% ').#' 8#+/#9'% -(%0 ;% .#0 .)*4&-% 2%4%02%0.%3 #3a P%- / 9% -(%  
2%4%02%0.%3 )$ -(% *%-()2 4 #02 '%- C 9% # ').#' 8#+/#9'%J H -(% .)++%34)02/01 1')9#' 
8#+/#9'% #02 , 9% -(% +%-&+0/01 8#+/#9'% 6 C(% 2%4%02%0.%3 #$-%+ *%-()2 /08).#-/)0 /3 1/8%0 

95 !"#H)",*"K"#H)C*""-J ;(%+% , /3 #,""!""(':3(L* 6 
 

;.!M%(4EC"FE(9EDC'2"94$EG:"HC%DEC"FE(9EDC'2"/'$'L/'LG'2"
"

P%- / 9% -(% 2%4%02%0.%3 )$ # *%-()2 4 #02 '%- + 9% # $)+*#' 4#+#*%-%+J E 9% #0 #.-&#' 
4#+#*%-%+ #02 H" -(% .)++%34)02/01 1')9#' 8#+/#9'%6 C(% 2%4%02%0.%3 #$-%+ *%-()2 

/08).#-/)0 /3 1/8%0 95 !"#H)"E*"K"#H)"+*"!""/"-6 
 

L$ ;% #33&*% #0 /08).#-/)0 -) 9% #90)+*#' ;% /0-+)2&.% # 3/01'% 8#+/#9'% $)+ %8%+5 
)..&++%0.% )$ # .%+-#/0 4+).%2&+%6 =)+ +%.&+3/8% /08).#-/)03 D/0 #'' .#3%3 ;(%+% ;% )9-#/0 #0 
.5.'/. .#'' 1+#4(F ;% (#8% -) 4%+$)+* # $/?B4)/0- .)*4&-#-/)06 L0 )+2%+ -) 1&#+#0-%% -(#- -(% 
.)*4&-%2 2%4%02%0.%3 /0.+%#3% *)0)-)0/.#''5 ;6+6-6 -(% 3&93%- +%'#-/)0 '/:% 20 c 20 k Q6 
K)*4&-/01 $/?%2 4)/0- ;% #22 -(%3% 2%4%02%0.%3 -) )8%+#'' 2%4%02%0.%36  
 
 
M2N- J 3();3 -(% $/?%2 4)/0- .)*4&-#-/)06 
 

www.intechopen.com



"rontiers in *oboti,s, ./tomation and Control 

 

62 

 
 
 
=/16 ^6 I'1)+/-(* )$ =/?%2 \)/0-  K)*4&-#-/)0!

 

L0  
 
 
M2N- J 8M1) 81) 8Er"5 #+% 8#+/#9'%3 ;(/.( #+% 3-)+/01 4#/+3 )$ 2%4%02%0.%3J ;(%+% 8 .)*4&-%3 
0%; 2%4%02%0.%3J 8Er"5 3-)+%3 4+%8/)&3 2%4%02%0.%36 8 .)*4+/3%3 )$ 9').: 2%4%02%0./%3 
$+)* ;(/'% '))4 OF2D% H  ?( ; P @ %3?6 C(% +%-&+0 3-#-%*%0- 3-)+%3 )8%+#'' 2%4%02%0.%3 /0-) 

8 #$-%+ $/02/01 $/?B4)/0-6 =&0.-/)0 -(0*( #223 9)-( 2%4%02%0.%3 dPrev#"#EdPrev#!#d0G6 C(% 

.)*4)3/-/)0 )4%+#-)+ ! %03&+%3 -(#- 0) /0$)+*#-/)0 /3 ')3- 2&+/01 .)*4&-/01 -(% )8%+#'' 
2%4%02%0.5 +%'#-/)06 @0/)0 )4%+#-)+ /0 -(% #'1)+/-(* 3();3 -(#- 2%4%02%0./%3 #+% #22/01 
#$-%+ %8%+5 /-%+#-/)0 )$ '))46 C(% .)02/-/)0 )$ -(% 8*) Z[) X>03" '))4 %03&+%3 -(#- ;(%0%8%+ 
4+%8/)&3 #02 0%; 2%4%02%0.%3 #+% 3#*% ;% +%#.(%2 $/?B4)/0- ;/-( $/0/-% 0&*9%+ )$ 
/-%+#-/)036 I$-%+ +%#.(/01 $/?B4)/0- ;% (#8% -) -%+*/0#-% '))4 #02 #22 .)*4&-%2 
2%4%02%0.% 4#/+3 /0-) )8%+#'' 2%4%02%0.%3 86 
 

KF%($%7 4 5M2A%? 6(23& H(7#'&/&2(3 KF%($%7: 
C(% $/?%2B4)/0- .)*4&-#-/)0 #'1)+/-(* .)*4&-%3 # $/?B4)/0- $+)* +%4%-/-/8% /08).#-/)0 
;/-(/0 # $/0/-% 0&*9%+ )$ /-%+#-/)036 
 

N(%%+." M% 4+)8% -(/3 -(%)+%* /0 -;) 3-%43a =/+3- ;% 4+)8% -(#- -(% 2%4%02%0./%3 #+% 
/0.+%#3/01 *)0)-)0/.#''56 "%.)02 -(%3% 2%4%02%0./%3 3()&'2 9%.)*% %U&#' ;/-(/0 $/0/-% 
0&*9%+ )$ /-%+#-/)03 #- )0% 4)/0- ;(/.( /3 # $/?B4)/0-6 
 

+ ,%4%02%0./%3 #+% /0.+%#3/01 *)0)-)0/.#''5 /6% ,0 2/kQ - 2/6  

=+)* -(% #9)8% #'1)+/-(*J ;% :0); -(#- 2/kQ c 2/ "#9di#!#"L6 C(% .)*4&-%2 

2%4%02%0.%3 )$ 9').: 3-#-%*%0-3 #+% 3-)+%2 /0 26 <%.#&3% )$ -(% &0/)0 )4%+#-)+ /- /3 

)98/)&3 -(#- 2/kQ - 2/6 C(/3 Edi#!#"G #+% -(% 0%; 2%4%02%0.%3 ;(/.( #+% #22%2 -) 

-(% )'2 2%4%02%0.5 3%-6 C(/3 '%#23 -) # *)0)-)0/.#''5 /0.+%#3/01 #*)&0- )$ 
2%4%02%0.%36 

+ =/? \)/0- K)*4&-#-/)0 /6%6 (0 2/kQ c 2/6 

M% :0); -(#- 3%- )$ 8#+/#9'% 8 /3 $/0/-%6 b%0.%J 2/ c E % E /3 $/0/-% #02 -(% &44%+ 
9)&02 )$ -(% 2%4%02%0.5 .)*4&-#-/)06 =+)* -(/3 $)'');3 -(#- /-%+#-/)0 #0 / %?/3-3 
;(%0 2/kQ c 2/6 

!
"#$%&#:#while#C#do#9BL#end#
'%&$%&:#D#EDependencesG#

initialize#d#B#d0#

initialize#dPrev#B#null#

do#

9#

####dPrev#B#d#

####d#B#dPrev#"#EdPrev#!#d0G#
L#

while#EWd.eQualsEdPrevGG#

alldep#B#Ealldep#!#dG#

#
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DM/%'#02H3 YZZQ D=/?B4)/0- K)*4&-#-/)0FF K)*4'%?/-5 )$ .)*4&-/01 2%4%02%0.%3 $+)* 
;(/'% '))4 -) +%#.(%2 $/?B4)/0- /0 # $/0/-% 0&*9%+ )$ /-%+#-/)036 
 

C(%)+%* Q 3();3 -(% .)*4'%?/-5 )$ ;(/'% '))4 $)+ .)*4&-/01 -(% 2%4%02%0.%3 &3/01 -(% 
#9)8% #'1)+/-(*6 L0 lM/%'#02 YZZQmJ -(% #&-()+ 4+)8%3 -(% -(%)+%* 2%4%02/01 &4)0 -(% 
0&*9%+ )$ 8#+/#9'%3 &3%2 /0 2%4%02%0.%3 3%-6 C(/3 %?#*4'% +%4+%3%0-3 -(% ;)+3- .#3%6 
 
L0 =/16 S ;% .#'' *%-()2 +%% +%.&+3/8%'56 b%+% ;% 3(); -(#- -(% 2%4%02%0.%3 )$ +%.&+3/8%'5 
*%-()23 #+% /0 -(/3 $#3(/)0 ;/-( &3/01 $/?%2 4)/0- .)*4&-#-/)06 C(% 2%4%02%0.%3 )$ .#''/01 
*%-()2 +%% (#3 $)'');/01 2%4%02%0.%3 !" #O),*)" #P)"O*)" #P)" ,*)" #('2)" P*)" #('2)"O*)" #('2)" ,*" -6 C(% 
2%$/0/-/)0 ^ %03&+%3 -(#- ;% 3&93-/-&-/)0 )$ ').#'J 1')9#' 8#+/#9'%3 #+% 2%+/8%2 .)++%.-'56M% 
&3% $/?%2 4)/0- #'1)+/-(* -) $/02 8()G)8()H)L6 L0 -(% +**"F$'p3" *%-()2 '/0% 0&*9%+ S (#3 #0  
#33/10*%0- 3-#-%*%0- &)G)+**J$1)\N  -(#- .#''3 # *%-()26 N); ;% (#8% -) 3&93/-&-% $)+*#' /0-) 
#.-&#' 4#+#*%-%+3 $+)* .)*4&-%2 2%4%02%0.%3 )$ .#''/01 *%-()26 I$-%+ 3&93-/-&-/)0 ;% 
2%+/8%2 $)'');/01 2%4%02%0.%3 J&1)$N1J&1)\N1J&1)r"6N6 
 
 

=/16 S6 O%.&+3/8%'5 .#'' $)) $&0.-/)0 

 
4. Example applying on fixed point computation 
 

M% 3(); -(% 3*#'' %?#*4'% -) $/02 $/?%2 4)/0- )8%+ -+#03/-/8% +%'#-/)036 L0 #0 %?#*4'% 
4+)1+#* /0 =/16_ ;% .)*4&-% 2%4%02%0.%3 3-%4 95 3-%4 $#3(/)0 -) 3(); -(#- (); ;% +%#.( 
$/?%2 4)/0- 95 &3/01 -(% #'1)+/-(* /0  
 
 
M2N- J6 C(% 9)25 )$ ;(/'% '))4 /-%+#-%3 / -/*%36 
 

1.####pu6lic#int#fooeKample#9#

2.# ## int#t;#a;#6<#

3.# ## ?#

4.# ## ?#

5.#### ## t#B#fooEa;#6G#

5.# ## $$9Et;aG;Et;6G;Et;resGL# #

# private#int#fooEint#K;#int#yG#9# #

6.### ## int#resB0<#

7.## ## int#zB1<#

8.# ## if#E#K#F#0#G#

9.# #### ###y#B#K<#

# ## else#

10.# #### ###z#B#fooEK-1;#yG<# # #################

11.# ## res#B#z#J#y<#############################

12.## ## return#res<#
12.####9((!)*+!,-+!).+!*-+!).+!,-+!)/01+!.-+!)/01+!*-+!)/01+!,-2!

12.##L#
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L0 4#+-/.&'#+ ;% #+% /0-%+%3-%2 -) .)*4&-% 2%4%02%0.%3 $+)* -(% 9)25 )$ '))4 #02 
3&**#+/>%2 -(% '))4 2%4%02%0.%36 A98/)&3'5 #'' 8#+/#9'%3 #+% &3%2 /0 -(% -(% 9)25 )$ '))4 
J$1) \1) /1) 8) $(8) 0NJ ;(/.( 2%4%023 )0 8#+/#9'% 0J 9%.#&3% 0 #44%#+3 /0 -(% .)02/-/)0 )$ ;(/'% 
'))46 M% 2/2 0)- 3(); -(% .)*4&-%2 2%4%02%0.%3 )$ / 8#+/#9'% /0 =/16_ #02 -(% 1+#4(H3 =/16 
X6 C(% 2%4%02%0.%3 )$ / #+% %?4'/./-'5 .)*4&-#9'% #02 2) 0)- *#:% #05 .(#01%3 2&+/01 
/-%+#-/)0 )$ '))46 C(/3 /3 -(% +%#3)0 ;% #+% 0)- 4+%3%0-/01 -(%3% 2%4%02%0.%36 C(% 
2%4%02%0.%3 )$ )-(%+ 8#+/#9'%3 #+% 4+%3%0-%2 /0 -(% 9%');6 C(% #'1)+/-(* 4+%3%0-%2 
4+%3%0-%2 %#+'/%+ )&-'/0%3 -(% *%-()2 )$ .)*4&-/01 2%4%02%0.%3 $+)* +%.&+3/8% /08).#-/)06 
 

C(% 2%4%02%0.%3 )$ -(% 8#+/#9'%3 #n 9n . #02 2 #+% 2%4/.-%2 /0 -(% $)'');/01 
.#3%3a 

+  D/ c ZFa #02 2Z c eD#J 9FJ D9J .FJ D.J 2FJ D2J %Ff 

+  D/ c QFa #02 2Q c eD#J 9FJ D9J .FJ D.J 2FJ D2J %FJ D.J %FJ D#J .FJ D9J 2Ff 

+  D/ c YFa #02 2Y c eD#J 9FJ D9J .FJ D.J 2FJ D2J %FJ D.J %FJ D#J .FJ D9J 2FJ D#J 2FJ D9J %Ff 

+  D/ c VFa #02 2V c eD#J 9FJ D9J .FJ D.J 2FJ D2J %FJ D.J %FJ D#J .FJ D9J 2FJ D#J 2FJ D9J %FJ D#J %Ff 

+  D/ c ^Fa #02 2^ c eD#J 9FJ D9J .FJ D.J 2FJ D2J %FJ D.J %FJ D#J .FJ D9J 2FJ D#J 2FJ D9J %FJ D#J %Ff 
 

+ C(% 1/8%0 34%./$/.#-/)0 $+)* =/16 _ #02 .)*4&-%2 2%4%02%0.%3 #+% %U&#'6 ") ;% 
+%#.(%2 $/? 4)/0- ;/-( $/0/-% 0&*9%+ )$ /-%+#-/)06 M% $/02 2V c 2^ /3 # $/?B4)/0- 
;(%+% 9)-( 2%4%02%0.%3 #+% %U&#'6 M(/.( %03&+%3 20 c 20kQ6 

I'' 8#+/#9'%3 )$ #33/10*%0- 3-#-%*%0-3 #+% 2%4%02 &4)0 8#+/#9'% /  . D#J 9J .J 2F6  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
=/16 _6 `?#*4'% 4+)1+#* 3();/01 -+#03/-/8% 2%4%02%0./%3 /0 # '))4 

 
C(% 1+#4( 3();3 -(% 2%4%02%0.%3 )$ -(% ;(/'% '))46 C(%+% #+% $/8% 0)2%3 /0 g+#4( 
/0.'&2/01 /0.)*/01 #02 )&-1)/01 %21%36 <#3%2 )0 C(%)+%* Q ;% .#0 4+)8% -(#- #$-%+ # $/0/-% 
0&*9%+ )$ /-%+#-/)03 ;% +%#.(%2 $/?%2 4)/0-6 ;% %?4'#/0 #3 $)'');3a 
 

,%4%02%0.%3 #+% /0.+%#3/01 *)0)-)0/.#''5 /6%6 ,0 2/kQ - 2/6 M% 4+%3%0- -(% #'1)+/-(* /0  
 

86QH ;5/< 9:<59< *:<5*< ?:< 5?< %:< 5*< %:< 5/< *:<59< ?:< 5/< ?:< 59< %:<5/< %:@  
#

1.#pu6lic#int#YhileEKample#9#

2.## int#a;#6;#c;#d;#e<#

3.## int#i#B#0<#

4.## ....#

5.## ....#

6.## while#Ei#/#5G#
7.## 9#

8.## # a#B#6<#

9.## # 6#B#c<#

10.## # c#B#d<#

11.## # d#B#e<#

12.## # i#B#i#J#1<#

# L#

####L#
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M2N- J $)+ .)*4&-/01 2%4%02%0.%3 )$ 9').: 3-#-%*%0-36 <%.#&3% )$ -(% &0/)0 )4%+#-)+ /- /3 

)98/)&3 -(#- 2/kQ - 2/6 C(/3 '%#23 -) # *)0)-)0/.#''5 /0.+%#3/01 #*)&0- )$ 2%4%02%0.%36 
;(/.( /3 4+)8%0 /0 C(%)+%* Q6 I$-%+ .#'.&'#-/01 0 ;% $/02 $/?B4)/0- ;/-(/0 $)&+ /-%+#-/)030 c 
^6 C(%+%$)+%J ;% +%#.(%2 #- $/?%2 4)/0- #$-%+ # $/0/-% 0&*9%+ )$ /-%+#-/)03 ;(/.( /3 2%3.+/9%2 
/0 -(% #'1)+/-(*6 C(% 1+#4( 3();3 -(% 1+#4(/.#''5 +%4+%3%0-#-/)0 )$ $/02/01 $/?%2 4)/0-6 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
=/16 Xa C(% ,/#1+#4( )$ -(% M(/'% P))4 $+)* =/16_ 

5. Experimental Results and Discussions 
 

C(% 4+)4)3%2 *)2%' (#3 9%%0 /*4'%*%0-%2 /0 G#8# &3/01 -(% `.'/43% 4'#-$)+*6  L0 -(/3 
3%.-/)0J ;% 4+%3%0- -(% %?4%+/*%0-3 -(#- %8#'&#-% -(% +%3&'- &3/01 2%4%02%0./%3 /0 G#8# 
4+)1+#*3 ;/-()&- &3/01 )9]%.-B)+/%0-%2 $%#-&+%36 `?4%+/*%0-3 ;%+% 4%+$)+*%2 )0 # L0-%' 
\%0-/&* ^ M)+:3-#-/)0 DV gboJSQY 7< 7%*)+5F  +&00/01 g%0-)) P/0&? Dg%0-)) <#3% 
"53-%* E%+3/)0 Q6^6RJ [%+0%' 8%+3/)0 Y6_6SF6  C(% +%3&'-3 #+% +%4)+-%2 /0 C#9'% Q6  
 
=)+ 8#+/)&3 %?#*4'%3 4+)1+#*3J ;% /0-+)2&.%2 # 3/01'% $#&'-J #02 #$-%+;#+23 .)*4&-%2 #'' 
3/01'%B$#&'- 2/#10)3%36 C#9'% Q 4+%3%0-3 %*4/+/.#' +%3&'-3 )$ 4+)1+#*3 ;/-( *%-()236 M% 
.)03/2%+%2 *%2/&* 3/>%2 4+)1+#*36 C(% 3%.)02 .)'&*0 3();3 -(% '/0%3 )$ .)2% $+)* Y_ -) 
SZR6 C(% -(/+2 .)'&*0 .)&0-3 -(% 0&*9%+ *%-()23 /0 -(% 4+)1+#*36 C(% $)&+-( .)'&*0 

+%4)+-3 -(% 0&*9%+ )$ 2/#10)3/3 .#02/2#-%36 C(% S-( .)'&*0 1/8%3 -(% 0&*9%+ )$ /04&- 

8#+/#9'%3 #02 -(% '#3- .)'&*0 3();3 -(% 0&*9%+ )$ )&-4&- 8#+/#9'%36 
 
L0 C#9'% Q -(% -%3-%2 4+)1+#*3 .)03/3-/01 )$ 3/*4'% #02 *&'-/4'% 3-#-%*%0-3J '))43J *%-()23 
#02 1')9#' 8#+/#9'%36 \+)1+#* 34%./$/.#-/)0 .)03/3-3 )$ #'' 8#+/#9'%3 /6%6J /04&- 8#+/#9'%3 #02 
)&-4&- 8#+/#9'%36 L0 =/16 ;% 3(); #'' -(%3% 4+)1+#*3 ;/-( */0/*&*J *#?/*&* #02 #8%+#1% 
)$ 2/#10)3%36 
 
L0 =/16 W ;% 4+%3%0-%2 # 1+#4( )$ 4+)1+#*3 ;/-( -(% 0&*9%+ )$ $#&'-3 2%4%02/01 )0 )&-4&- 
8#+/#9'%3 D4+%3%0-%2 /0 C#9'% QF6 M% &3%2 (&02+%2 /-%+#-/)0 $)+ %8%+5 4)33/9'% .)*9/0#-/)0 
)$ )&-4&- 8#+/#9'%36 L- 3();3 -(% */0/*&*J *#?/*&* #02 *%#0 )$ 2/#10)3%3 /0 +%34%.- -) 
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-(% )&-4&- 8#+/#9'%3 #02 -(% $#&'-36 L0 #'' 1+#4(3 $&'' '/0% +%4+%3%0- -(% */0/*&*J 2#3( '/0% 
-(% *#?/*&* #02 2)--%2 '/0% -(% 0&*9%+ )$ 2/#10)3%3 .#02/2#-%36 
 
 

6$(N$/7) RSH E%&F(?) 02/N-T( U3#'&VCWB S'&#'&VCWB 

I22%+ SQ V _ QW QS 

I22&'3%C/*% VXW YQ QZ RW S^ 

`U&#-/)0 Y_ ^ ^ QV S 

7#-(=&0.-/)03 SZR YY V WZ SX 

7%-()2C%3-Q ^Y V QY Q^ QQ 

7%-()2C%3-Y XS S Y YY Q_ 

7%-()2C%3-V ^_ S V YZ Q^ 

6$(N$/7) RSH E%&F(?) 02/N-T( U3#'&VCWB S'&#'&VCWB 

7%-()2C%3-^ YQW QS V SV ^^ 

C#9'% Q6 ,/#10)3/01 .#02/2#-%3 )9-#/0%2 95 #0 /0-+)2&./01 # 3/01'% $#&'-  

 
N)-%J /0 -(% 1+#4( ;% .)03/2%+ )0'5 -()3% 2/#10)3%3 ;(/.( (#3 .)0-+#2/.-/)06 C(/3 *%#03 
-(#- ;% 0%8%+ 4/.: 8#'&%3 ;(/.( '%#2 -) 0) .)0-+#2/.-/)06 =&'' '/0% /02/.#-%3 -(#- ;(%0 ;% 
/0.+%#3% -(% 0&*9%+ )$ )&-4&- 8#+/#9'%3 &3%2 /0 -(% 34%./$/.#-/)0J #02 -(%0 -(% 0&*9%+ )$ 
2/#10)3/3 /0.+%#3%36 C(% +%3&'-3 /02/.#-% -(#- )&+ #44+)#.( /3 $%#3/9'% $)+ 2%-%.-/01 #02 
').#'/>/01 +%#' .#&3% )$ */39%(#8/)&+6 C(% +%3&'-3 4+%3%0-%2 -(%+% 3)'%'5 3-%* $+)* 
4+).%2&+#' 4+)1+#*36  

 
6. Limitation 
 

@0'/:% 4+%8/)&3 #44+)#.(%3 DM/%'#02 YZZQJ 7#5%+6 M p "-&*4-0%+ 7 YZZVF J -(% 2%9&11/01 
#44+)#.( /0-+)2&.%2 /0 -(/3 .(#4-%+ 34%./#''5 /0-%023 ').#'/>/01 3-+&.-&+#' $#&'-36 L0 #0 
#..)&0- )$ -(/3J ;% $).&3 -(/3 2/3.&33/)0 )&+ *)2%'H3 ;%#:0%33%3 /0 2%-%.-/01 #02 ').#'/>/01 
-(%3% $#&'-36  
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=/+3-J -(% 4+)4)3%2 *)2%' /3 0)- ').#'/>/01 $#&'-3 .#&3%2 95 # %++)0%)&3 -#+1%- 8#+/#9'%6 =)+ 
%?#*4'%J -(% $)'');/01 .)2% 30/44%- #33/103 -(% 8#'&% )$ 8#+/#9'% =) -) -;) 2/$$%+%0- 
8#+/#9'%3J 0#*%'5J F #02 7< 
 
4- = " X !! )F('D? 9% A " X 
,-  = " X 
 
,&% -) D3-+&.-&+#'F %++)+ /0 '/0% QJ ;% )9-#/0 J71) =N #3 # 3/01'% 2%4%02%0.%J 9&- )&+ 
34%./$/.#-/)0 %0&*%+#-%3)Z)JF1)=N1)J71)=N)[ #3 2%4%02%0.%36 "/0.% ZJ71)=N[ /3 0)- 3&4%+ 3%- )+ %U&#' 
-) ZJF1)=N1)J71)=N)[J ;% :0); 3)*% -(/01 *&3- 9% ;+)016 C(&3J )98/)&3'5J ;% .#0 2%-%.- -(/3 
9&16 L0 ').#'/>/01 -(% 2%-%.-%2 */39%(#8/)&+H3 .#&3%J ;% #33&*% 3-#-%*%0- Q -) 9% #90)+*#' 
#02 )9-#/0 ]L)G)Z)JF1)!LN[<)]2)G)ZJF1)=N[1)$(8)]L)")]2)GZJF1)=N[6 C(/3 +%3&'-3 3();3 -(#- ;% .#0 0)- 
$/02 #05 3&93-/-&-/)0 ( -(#- +%*)8%3 -(% 1/8%0 .)0-+#2/.-/)06 E/+-&#''5J ;% .#0 0)- .)++%.- 
)&+ 4+)1+#* 95 *)2/$5/01 3)'%'5 -(% +/1(-B(#02 3/2% )$ 3-#-%*%0- Q6 
 
I'');/01 $)+ *)2%' 8#+/#9'% '%$- (#02 3/2% ;% .#0 1%- +/2 )$ -(/3 2%$/./%0.5a OQ c e D!LJ >Ff OYJ 
c e D5J >F fJ ;(/.( 5/%'23 -) OQ ) OY c e D!LJ >FJ D?J >F f6)I44#+%0-'5J -(% 3&93-/-&-/)0 (D)!LF c ? 
$&'$/'3 eD!LJ >FJ D5J >Ff /3 3&4%+ 3%- )+ %U&#' -) ZJF1)=N1)J71)=N[)#02 -(&3 ;% .#0 ').#'/>% -(/3 $#&'-6 
b);%8%+J -(/3 /3 #44+)8%2 3)'%'5 /0 -(% +#-(%+ #+% .#3% -(#- -(% 3&93-/-&-%2 8#+/#9'% 2)%3 0)- 
#44%#+ /0 #05 )$ -(% 3-#-%*%0-3 D)0 -(% +/1(- (#02 3/2%F 3&93%U&%0- -) 8#+/#9'%3 
3&93-/-&-/)06 C(&3J -(/3 #44+)#.( /3 0)- #44'/.#9'% /0 # 4+#.-/.#' 3%--/016  
 
=&+-(%+*)+% )&+ *)2%' /3 )0'5 #44'/.#9'% -) #'/#3B$+%% 4+)1+#*36 C(/3 /33&% /3 $&+-(%+ 
2/3.&33%2 /0 DG#.:3)0 QRRSF6 L0 3&**#+5 ;% .)0.'&2% -(#-J 4+)8/2%2 -(% $#&'- #44%#+3 )0 
-(% +/1(- (#02 3/2% )$ #0 #33/10*%0-J )&+ *)2%' #'');3 $)+ .)++%.-/01 -(%3% :/02 )$ 
3-+&.-&+#' $#&'-3 #3 ')01 #3 ;% .#0 #'3) 2%-%.- -(/3 $#&'- /0 -%+*3 )$ -(% 34%./$/%2 
2%4%02%0.%36 
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=/16 W6 "%03/-/8/-5 I0#'53/3 )$ I'' \+)1+#*3 )$ C#9'% Q6 

 
7. Related Research 
 

C(% #&-()+ )$ DG#.:3)0 QRRSF 4+%3%0-3 ;)+: ;(/.( /3 .')3%3- -) -(% ;)+: 4+%3%0-%2 (%+%/06 
C(/3 ;)+: %*4')53 #93-+#.- 2%4%02%0.%3 $)+ 2%-%.-/01 +#-(%+ -(#0 $)+ ').#'/>/01 # $#&'-6 
=&+-(%+*)+% /0 D[&4%+ QRWRJ M/%'#02 YZZQF -(% #&-()+3 %*4')5 -(% 0)-/)0 )$ 2%4%02%0.%3 
$)+ $#&'- ').#'/>#-/)06 L0 .)0-+#3- -) -(% '#--%+ #44+)#.( ;% 2) 0)- %*4')5 2%-%.-%2 
2/$$%+%0.%3 /0 8#+/#9'% 8#'&%3 #- # .%+-#/0 '/0% /0 .)2% 9&- *#:% &3% )$ 2/$$%+%0.%3 9%-;%%0 
34%./$/%2 #02 .)*4&-%2 2%4%02%0.%3 #02 -(&3 #'3) /0.)+4)+#-% -(% 3-+&.-&+#' 4+)4%+-/%3 )$ 
4+)1+#* #02 34%./$/.#-/)06    
 
L0 -(% +%.%0- 4#3- -(% #&-()+3 DM)-#;# YZZZJ M)-#;# %-J #'6 QRRRJ [)%9 #02 M)-#;# YZZ^J 
7#5%+ #02 "-&*4-0%+ YZZVF 2%8%')4%2 *)2%'3 $)+ 2/$$%+%0- '#01&#1%3 #- 8#+/)&3 #93-+#.-/)0 
'%8%'3 /0 -(% *)2%'B9#3%2 .)0-%?-6 L0 1%0%+#'J #93-+#.- *)2%''/01 #44+)#.(%3 3#.+/$/.% 2%-#/' 
/0 $#8)&+ )$ .)*4&-#-/)0#' .)*4'%?/-5 ;(%+%#3 *)+% 2%-#/'%2 8#'&%B'%8%' *)2%'3 DM)-#;# 
YZZYJ \%/3.(' #02 M)-#;# YZZVF 4+)8/2% #..&+#-% $#&'- ').#'/>#-/)0 .#4#9/'/-/%3 9&- )0 -(% 
)-(%+ (#02 +%U&/+% .)03/2%+#9'% .)*4&-#-/)0#' +%3)&+.%3 /0 -%+*3 )$ 34#.% #02 .)*4&-/01 
4);%+6 
 
I'-()&1( 4+)1+#* 3'/./01J #3 # '/1(-;%/1(- -%.(0/U&%J (#3 3%%0 3&..%33$&' #44'/.#-/)0 /0 
$#&'- ').#'/>#-/)0 DI1+#;#' %-J #'6J QRRVJ =+/->3)0 %-J #'6J QRRRJ P5'% #02 M%/3%+ QRWX F /-3 
2/3.+/*/0#-/)0 '/:%  7<", DM)-#;# YZZZF6 L0 D[&4%+ QRWRJ M/%'#02 YZZQF -(% #&-()+3 
%*4')5 -(% 0)-/)0 )$ 2%4%02%0.%3 $)+ $#&'- ').#'/>#-/)06 L0 .)0-+#3- -) '#--%+ #44+)#.( ;% 2) 
0)- %*4')5 2%-%.-%2 2/$$%+%0.% /0 8#+/#9'% 8#'&%3 #- # .%+-#/0 '/0% /0 .)2% 9&- &3% )$ 
2/$$%+%0.%3 9%-;%%0 34%./$/%2 #02 .)*4&-%2 2%4%02%0./%3 #02 -(&3 #'3) /0.)+4)+#-% -(% 
3-+&.-&+#' 4+)4%+-/%3 )$ 4+)1+#* #02 34%./$/.#-/)06 C(&3J -(% *)2%'3 /0-+)2&.%2 /0 D[&4%+ 
QRWRJ M/%'#02 YZZQF .#0 0)- 2%#' ;/-( #33%+-/)03 )+ 4+%B #02 4)3- .)02/-/)03 /0 # 
3-+#/1(-$)+;#+2 ;#56 
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C(% #&-()+3 )$ DM)-#;# YZZZJ =+/%2+/.( %-J #'6J QRRRJ M/%'#02 YZZQF 3)'%'5 *#:% &3% )$ 
.)0.+%-% 8#'&%3 /0 /0.)+4)+#-/01 .)++%.-0%33 /0$)+*#-/)06 C(%3% *)2%'3 2) 0)- #''); -#:/01 
#28#0-#1% )$ #+9/-+#+5 +%'#-/)03(/43 9%-;%%0 3%8%+#' 8#+/#9'%3 )+ 8#+/#9'%3 #02 .)03-#0-36 
C(% #&-()+ D"-&*4-0%+ YZZQF 3();3 -(#- ').#'/>/01 3-+&.-&+#' $#&'-3 +%U&/+%3 %?4')/-/01 
2%3/10 /0$)+*#-/)0 '/:% #33%+-/)03J #02 4+% #02 4)3- .)02/-/)036  
 
 A-(%+ #44+)#.(%3 '/:% DG)(03)0 QRW_F $).&3 )0 0)8/.% 4+)1+#**%+3 #02 *#:% &3% )$ 
*%-()23 -(#- (%'4 -) $/02 $#&'-3 /0 -(% .)2% 95 .)*4#+/01 -(% .)2% ;/-( 4+%B34%./$/%2 
4+)9'%* $)+*&'#-/)036  

 
7. Conclusion 
 

L0 -(/3 .(#4-%+ ;% %?-%02 #02 4+%3%0- -(% 0)8%' *)2%' ;(/.( 2%-%.- #02 ').#'/>% +%#' $#&'-3 
$+)* 4+)1+#*3J .)*4+/3/01 *%-()23 /08).#-/)03 #02 1')9#' 8#+/#9'%36 C(% .)*4&-#-/)0 )$ 
2%4%02%0.%3 $+)* +%.&+3/8% /08).#-/)0 ;% $)&02 -(#- %8%+5 /-%+#-/)0 (#3 #22%2 0%; 
2%4%02%0.%3 #02 -(% 0&*9%+ )$ 2%4%02%0.%3 /0.+%#3/01 *)0)-)0/.#''56 L0 )+2%+ -) 
1&#+#0-%% -(#- -(% .)*4&-%2 2%4%02%0.%3 #+% /0.+%#3/01 *)0)-)0/.#''5 ;6+6-6 /-%+#-/)03J ;% 
$/02 $/?%2B4)/0- ;(%+% #'' 2%4%02%0.%3 #+% %U&#' ;/-( $/0/-% 0&*9%+ )$ /-%+#-/)036 M% 
4+%3%0-%2 #0 #'1)+/-(* #02 4+))$ $)+ $/?%2 4)/0- .)*4&-#-/)0 ;(/.( %03&+%3 -(#- 0) 
2%4%02%0.%3 ')33 2&+/01 /-%+#-/)0 #02 ;% #';#53 +%#.(%3 $/?B4)/0- #$-%+ # $/0/-% 0&*9%+ )$ 
/-%+#-/)036 7)+%)8%+J -(% #44+)#.( /3 2/$$%+%0- -) )-(%+ #8#/'#9'% 2%4%02%0.5B*)2%'3 #02 
4+)8/2%3 9%--%+ +%3&'-3 $)+ *%2/&* 3/>%2 4+)1+#*36  
 
I $&-&+% +%3%#+.( .(#''%01% /3 -(% $)+*#' #02 %*4/+/.#' %8#'&#-/)0 )$ -(% *)2%''/01 
#44+)#.(%3 ;(%0 #44'5 /- -) +%#' )9]%.-B)+/%0-%2 4+)1+#*36 
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M)-#;# =6 p "))*+) " DYZZSF6 @3/01 #93-+#.- 2%4%02%0./%3 /0 2%9&11/016 Er*/""80(:6)*+))
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