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... 
if (...) { 
     x = ... ;  
...  
} 
y = ... + x + ... ;  

x = ...   

if (...) { 

...  

y = ... + x + ... 

...  

...  

Définition 

Utilisation 
Dépendance 



*+,-./01
02/$345267.1

-/58"0H$9-#":/+$30;$;#502#0;H$?25=0.;5/+$30$@A0.B.77C0H$N"+B0#$

DX<IAD9AFI)Y[Z)

Ekk$$%:S7.5/A10$34)"#:530$kE$
,"B:5#$#:-;;$PF*$$
l$$
,"B:5#$52/$,S#3a52/$`H$52/$Tb$l$
$52/$/1,m$$$$$$$$$$$$$$$EE$%D$306$`H$TH$/1,$$$$$$$$$$$$$$$
$RA5:0$aT$]n$Jb$l$$$$$EE$oD$";0$T$
$$$$$/1,$n$`$p$Tm$$$$$EE$FD$306$/1,m$";0$`H$T$
$$$$$`$n$Tm$$$$$$$$$$$$$$$EE$*D$306$`m$";0$T$
$$$$$T$n$/1,m$$$$$$$$$$$EE$)D$306$Tm$";0$/1,$
$q$
$.0/".2$`m$$$$$$$$$$$$$$EE$9D$";0$`$
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Figure 6.2, page 79 
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!!?2$/0%&"')%\%&,()+%)$%+-]"'"("3'$
a(':$*$"$-*3,/'#.04#";b$0;/$"2$#A0152$a3"$S.-,A0b$
3"$,.7S.-110$.+"25;;-2/$:-$3+_525/572$34"20$
=-.5-B:0$=$f$"20$"/5:5;-/572$30$=$20$,-;;-2/$,-;akb$
,-.$"20$a.0b3+_525/572$30$=<$
!! @45:$0`5;/0$"20$/0::0$.03+_525/572H$72$35/$8"40::0$7B:5/X.0$
a<$//!b$:-$,.+#+302/0<$

!!?2$,752/$30$3+_525/572$0/$"2$,752/$34"/5:5;-/572$
67.102/$"20$3+,023-2#0$;;5$5:$0`5;/0$"2$#A0152$
0`01,/$30$.03+_525/572$02/.0$0"`<$

$ *There is an over-simplification 
here, which we will repair later. 
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     x = ...     // A: def x 
     q = ...   
     x = y;     //  B: kill x, def x 
     z = ...  
     y = f(x);  // C: use x 

x = ...   

...  

...  
Definition: x 
gets a value 

Use: the value 
of x is 

extracted 

A 

x = y   

Definition: x gets 
a new value, old 

value is killed 

...  

y = f(x) 

B 

C 

Path B..C is  
definition-clear 

Path A..C is  
not definition-clear 
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(Figure 6.3, page 80) 

Dependence 
edges show 
this x value 
could be the 
unchanged 

parameter or 
could be set at 

line D 
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1-C0$/A5;$52/"5/5=0$27/572$76$ #72/.7::52S$30#5;572 $
,.0#5;0<$

!!t730$U$37152-/0;$2730$t$56$0=0.T$,-/A$6.71$/A0$.77/$/7$t$
,-;;0;$/A.7"SA$U<$$
!! %$2730$R5::$/T,5#-::T$A-=0$1-2T$37152-/7.;H$B"/$0`#0,/$67.$/A0$.77/H$
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!!<37(P+3&"'*(3$7D$F-:#":-/03$52$/A0$.0=0.;0$76$/A0$#72/.7:$
_:7R$S.-,AH$";52S$-$;,0#5-:$ 0`5/ $2730$-;$/A0$.77/<$



*+,-./01
02/$345267.1

-/58"0H$9-#":/+$30;$;#502#0;H$?25=0.;5/+$30$@A0.B.77C0H$N"+B0#$

DCK@A96CB2)YIV9K<!IZ)

!!%$,.0O37152-/0;$-::$2730;m$P$
,7;/O37152-/0;$-::$2730;$

!! 9$-23$P$,7;/O37152-/0$)$
!!P$5;$/A0$511035-/0$,7;/O
37152-/7.$76$o$
!! F$370;$*-"$,7;/O37152-/0$o$

!!o$5;$/A0$511035-/0$,.0O
37152-/7.$76$P$
!! 9$370;$*-"$,.0O37152-/0$P$

&&JKLOP9*$D$%3-,/-/572$:5B.0$3"$#A-,5/.0$G$30$Q@76/R
-.0$/0;/52S$-23$-2-:T;5;QH$U

-".7$V0WWX$Y
$U
5#A-:$Z7"2SH$MJJ[<$

IK$

A 

B 

C 

D 

E 

F 

G 
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,-/A;<$

!! vA0.0$1";/$B0$;710$2730$F$R5/A$/A0$67::7R52S$,.7,0./TD$$
!! F$A-;$-/$:0-;/$/R7$;"##0;;7.;$52$/A0$#72/.7:$_:7R$S.-,A$a5<0<H$5/$.0,.0;02/;$-$

#72/.7:$_:7R$30#5;572bm$$
!! F$5;$27/$,7;/O37152-/03$BT$t$$
!! /A0.0$5;$-$;"##0;;7.$76$F$52$/A0$#72/.7:$_:7R$S.-,A$/A-/$5;$,7;/O37152-/03$

BT$t<$$$
!! uA02$/A0;0$#7235/572;$-.0$/."0H$R0$;-T$2730$t$5;$#72/.7:O30,02302/$
72$2730$F<$
!! (2/"5/5=0:TD$F$R-;$/A0$:-;/$30#5;572$/A-/$#72/.7::03$RA0/A0.$t$0`0#"/03$
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A 

B 

C 

D 

E 

F 

G F is control-dependent on B, 
the last point at which its 

execution was not inevitable 

Execution of F is  
not inevitable at B 

Execution of F is  
inevitable at E 
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#72/.7:$_:7R$S.-,AD$
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76$=-.5-B:0$=$-/$"$566$$
!! /A0.0$5;$-/$:0-;/$720$#72/.7:$_:7R$,-/A$6.71$3$/7$"$$
!! R5/A$27$52/0.=0252S$30_525/572$76$=<$$

!! =3$$%*/0%7$"$a=3$5;$-$$%*/0"'8)+%]"'"("3'$-/$"b<$$$
!! (6$-$#72/.7:$_:7R$,-/A$,-;;0;$/A.7"SA$-27/A0.$30_525/572$0$76$/A0$;-10$=-.5-B:0$

=H$=0$`"::7$=3$-/$/A-/$,752/<$
!! )=02$56$R0$#72;530.$72:T$:77,O6.00$,-/A;H$/A0$2"1B0.$76$,-/A;$52$-$S.-,A$
#-2$B0$0`,7202/5-::T$:-.S0.$/A-2$/A0$2"1B0.$76$2730;$-23$03S0;<$$

!! V.-#/5#-:$-:S7.5/A1;$/A0.067.0$37$27/$;0-.#A$0=0.T$5235=53"-:$,-/A<$
(2;/0-3H$/A0T$;"11-.5W0$/A0$.0-#A52S$30_525/572;$-/$-$2730$7=0.$-::$/A0$
,-/A;$.0-#A52S$/A-/$2730<$
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A B C D E F G V 

2 paths from A to B 

4 from A to C 

8 from A to D 

16 from A to E 

... 

128 paths from A to V 

Tracing each path is 
not efficient, and we 
can do much better. 
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!!%2$06_5#502/$-:S7.5/A1$67.$#71,"/52S$.0-#A52S$30_525/572;$
a-23$;0=0.-:$7/A0.$,.7,0./50;b$5;$B-;03$72$/A0$R-T$.0-#A52S$
30_525/572;$-/$720$2730$-.0$.0:-/03$/7$/A0$.0-#A52S$
30_525/572;$-/$-2$-3e-#02/$2730<$$$

!! @",,7;0$R0$-.0$#-:#":-/52S$/A0$.0-#A52S$30_525/572;$76$2730$
2H$-23$/A0.0$5;$-2$03S0$a,H2b$6.71$-2$511035-/0$,.030#0;;7.$
2730$,<$$$
!! (6$/A0$,.030#0;;7.$2730$,$#-2$-;;5S2$-$=-:"0$/7$=-.5-B:0$=H$/A02$$/A0$
30_525/572$=,$.0-#A0;$2<$$u0$;-T$/A0$30_525/572$=,$5;$S020.-/03$-/$,<$

!! (6$-$30_525/572$=,$76$=-.5-B:0$=$.0-#A0;$-$,.030#0;;7.$2730$,H$-23$56$=$5;$
27/$.030_5203$-/$/A-/$2730$a52$RA5#A$#-;0$R0$;-T$/A0$=,$5;$C5::03$-/$/A-/$
,752/bH$/A02$/A0$30_525/572$5;$,.7,-S-/03$72$6.71$,$/7$2<$
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IQE96@CA2)CU)ACDI)I)Y?)b)6K<Z)

w0-#Aa)b$n$w0-#A'"/a*b$
w0-#A'"/a)b$n$aw0-#Aa)b$x$lT%qb$!$lT)q$
$

public class GCD  {  
public int gcd(int x, int y) { 

 int tmp;               // A: def x, y, tmp               
 while (y != 0) {     // B: use y 
     tmp = x % y;     // C: def tmp; use x, y 
     x = y;               // D: def x; use y 
     y = tmp;           // E: def y; use tmp 
 } 
 return x;              // F: use x 

    } 

Calculate reaching 
definitions at E in 
terms of its 
immediate 
predecessor D 



*+,-./01
02/$345267.1

-/58"0H$9-#":/+$30;$;#502#0;H$?25=0.;5/+$30$@A0.B.77C0H$N"+B0#$
MJILOIJOJI$

&&JKLOP9*$D$%3-,/-/572$:5B.0$3"$#A-,5/.0$G$30$Q@76/R
-.0$/0;/52S$-23$-2-:T;5;QH$U

-".7$V0WWX$Y
$U
5#A-:$Z7"2SH$MJJ[<$

MI$

IQE96@CA2)CU)ACDI)W)Y_T@!I)Y?)cb)MZZ)

!!w0-#Aaob$n$w0-#A'"/a%b$!$w0-#A'"/a)b$
!!w0-#A'"/a%b$n$S02a%b$n$l`%H$T%H$/1,%q$
!!w0-#A'"/a)b$n$aw0-#Aa)b$x$lT%qb$!$lT)q$

public class GCD  {  
public int gcd(int x, int y) { 

 int tmp;               // A: def x, y, tmp               
 while (y != 0) {     // B: use y 
     tmp = x % y;     // C: def tmp; use x, y 
     x = y;               // D: def x; use y 
     y = tmp;           // E: def y; use tmp 
 } 
 return x;              // F: use x 

    } 

This line has two 
predecessors:  
Before the loop, 
end of the loop 
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JIAIB9!)IQE96@CA2)UCB)BI9FT)9A9!?2@2)

w0-#Aa2b$n$$!$$w0-#A'"/a1b$
$$$$$$$$$$$$$1",.03a2b$

$
w0-#A'"/a2b$n$aw0-#Aa2b$x$C5::$a2bb$!$S02a2b$
$
S02a2b$n$l$=2$y$=$5;$30_5203$7.$1735_503$-/$2$q$
C5::a2b$n$l$=`$y$=$5;$30_5203$7.$1735_503$-/$`H$`z2$q$
$
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9a9@!)IQE96@CA2)

%=-5:$a2b$n$$#$%=-5:'"/a1b$$
$$$$$$$$$$$$$1",.03a2b$

%=-5:'"/a2b$n$a%=-5:$a2b$x$C5::$a2bb$!$S02a2b$
$
S02a2b$n$l$0`,$y$0`,$5;$#71,"/03$-/$2$q$
C5::a2b$n$l$0`,$y$0`,$A-;$=-.5-B:0;$-;;5S203$-/$2$q$
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ML$

!@aI)a9B@9W!I)IQE96@CA2)

!5=0a2b$n$!$!5=0'"/a1b$$
$$$$$$$$$$$$1";"##a2b$
$
!5=0'"/a2b$n$a!5=0a2b$x$C5::$a2bb$!$S02a2b$
$
S02a2b$n$l$=$y$=$5;$";03$-/$2$q$
C5::a2b$n$l$=$y$=$5;$1735_503$-/$2$q$
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!! 97.R-.3EB-#CR-.3D$-$27304;$;0/$30,023;$72$/A-/$76$5/;$
,.030#0;;7.;E;"##0;;7.;$

!!%2TO,-/AE-::O,-/AD$-$27304;$;0/$#72/-52;$-$=-:"0$566$5/$5;$
#7152S$6.71$-2TE-::$76$5/;$52,"/;$

Any-path (!) All-paths (#) 

Forward (pred) Reach Avail 

Backward (succ) Live “inevitable” 

&&JKLOP9*$D$%3-,/-/572$:5B.0$3"$#A-,5/.0$G$30$Q@76/R
-.0$/0;/52S$-23$-2-:T;5;QH$U

-".7$V0WWX$Y
$U
5#A-:$Z7"2SH$MJJ[<$

Mh$
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@6IB96@aI)2C!E6@CA)CU)D969U!C_)IQE96@CA2)

!!(25/5-:5W0$=-:"0;$a_5.;/$0;/51-/0$76$-2;R0.b$
!! 97.$ -2T$,-/A $,.7B:01;H$_5.;/$S"0;;$5;$

27/A52S $a01,/T$;0/b$-/$0-#A$2730$
!! 97.$ -::$,-/A; $,.7B:01;H$_5.;/$S"0;;$5;$

0=0.T/A52S $a;0/$76$-::$,7;;5B:0$=-:"0;$n$"2572$76$
-::$ S02 $;0/;b$

!!w0,0-/$"2/5:$27/A52S$#A-2S0;$
!! V5#C$;710$2730$-23$.0#-:#":-/0$a20R$0;/51-/0b$

=;$!0>$//0,-*?'.@'0-*0#0 :$A'(04-$*" 0!-/&"$-*0>;'.'0
'?'.)0*'>0,#/,&/#"$-*04.-(&,'!0";'0!#+'0?#/&'0#!0
";'04.'?$-&!0@&'!!B0
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M[$

_CB^!@26)9!JCB@6TK)UCB)D969)U!C_)

@00$_5S".0;$G<GH$G<[$72$,-S0;$rLH$rG$76$V0WWX$Y$Z7"2S$
'20$R-T$/7$5/0.-/0$/7$-$_5`03$,752/$;7:"/572<$
P020.-:$530-D$$
!! (25/5-::T$-::$2730;$-.0$72$/A0$R7.C$:5;/H$-23$A-=0$306-":/$=-:"0;$$

!! *06-":/$67.$ -2TO,-/A $,.7B:01$5;$/A0$01,/T$;0/H$306-":/$67.$ -::O,-/A $
,.7B:01$5;$/A0$;0/$76$-::$,7;;5B5:5/50;$a"2572$76$-::$S02$;0/;b$

!! uA5:0$/A0$R7.C$:5;/$5;$27/$01,/T$
!! V5#C$-2T$2730$2$72$R7.C$:5;/m$.017=0$5/$6.71$/A0$:5;/$
!! %,,:T$/A0$3-/-$_:7R$08"-/572;$67.$/A-/$2730$/7$S0/$20R$=-:"0;$
!! (6$/A0$20R$=-:"0$5;$#A-2S03$a6.71$/A0$7:3$=-:"0$-/$/A-/$2730bH$/A02$$

!! %33$;"##0;;7.;$a67.$67.R-.3$-2-:T;5;b$7.$,.030#0;;7.;$a67.$B-#CR-.3$-2-:T;5;b$72$
/A0$R7.C$:5;/$

!! )=02/"-::T$/A0$R7.C$:5;/$R5::$B0$01,/T$aB0#-";0$20R$#71,"/03$=-:"0;$n$
7:3$=-:"0;$67.$0-#A$2730b$-23$/A0$-:S7.5/A1$;/7,;<$$
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;/-/5#$=753$8"0;/572-B:0$ab$l$
$$$$52/$Cm$
$$$$67.$a52/$5$n$Jm$5${$IJm$||5b$l$
$$$$$$$$56$a#723a5bb$l$
$$$$$$$$$$$$CnJm$
$$$$$$$$$$$$<<<$
$$$$$$$$q$0:;0$l$
$$$$$$$$$$$$C|n5m$
$$$$$$$$$$$$<<<$
$$$$$$$$q$
$$$$,.7#$aCbm$
$$$$q$
q$

!!&0.;572$;/-/58"0$
!!&0.;572$3T2-158"0$
!!&0.;572$#7"=0./".0$

MJILOIJOJI$

Mr$

&&JKLOP9*$D$%3-,/-/572$:5B.0$3"$#A-,5/.0$G$30$Q@76/R
-.0$/0;/52S$-23$-2-:T;5;QH$U

-".7$V0WWX$Y
$U
5#A-:$Z7"2SH$MJJ[<$

EA)F!922@QEI)9aIF)BI9FTd)!@aI)9AD)9a9@!)
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!""#$%&'(")*'"+%,)UBCK)IVIFE6@CA)6C))
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!!u0$#-2$";0$/A0$;-10$3-/-$_:7R$-:S7.5/A1;$/7$
-,,.7`51-/0$7/A0.$3T2-15#$,.7,0./50;$
!! P02$;0/$R5::$B0$ 6-#/;$/A-/$B0#710$/."0$A0.0 $
!! }5::$;0/$R5::$B0$ 6-#/;$/A-/$-.0$27$:72S0.$/."0$A0.0 $
!! 9:7R$08"-/572;$R5::$30;#.5B0$,.7,-S-/572$

!!)`-1,:0D$$v-52/0320;;$a52$R0B$67.1$,.7#0;;52Sb$
!! v-52/ D$$-$";0.O;",,:503$=-:"0$a0<S<H$6.71$R0B$
67.1b$/A-/$A-;$27/$B002$=-:53-/03$

!! P02D$R0$S0/$/A5;$=-:"0$6.71$-2$"2/.";/03$;7".#0$A0.0$
!! }5::D$$R0$=-:53-/03$/7$1-C0$;".0$/A0$=-:"0$5;$,.7,0.$
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FCC^@AJ)?CEB)C_A)9A9!?2@2)YLZ)

!! 9:7R$08"-/572;$1";/$B0$
1727/725#$
!! (25/5-:5W0$/7$/A0$B7//71$
0:0102/$76$-$:-//5#0$76$
-,,.7`51-/572;$

!! )-#A$20R$=-:"0$/A-/$#A-2S0;$
1";/$17=0$",$/A0$:-//5#0$

!!vT,5#-::TD$V7R0.;0/$:-//5#0$
!! o7//71$5;$01,/T$;0/H$/7,$5;$
"25=0.;0$

!! '.$01,/T$-/$/7,$67.$-::O,-/A;$
-2-:T;5;$

&&JKLOP9*$D$%3-,/-/572$:5B.0$3"$#A-,5/.0$G$30$Q@76/R
-.0$/0;/52S$-23$-2-:T;5;QH$U

-".7$V0WWX$Y
$U
5#A-:$Z7"2SH$MJJ[<$

KJ$

Monotonic: y > x implies f(y) ! f(x) 
  
(where f is application of the flow 
equations on values from successor 
or predecessor nodes, and >  is 
movement up the lattice) 
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KI$

D969)U!C_)9A9!?2@2)_@6T)9BB9?2)9AD)
<C@A6IB2)

!!%..-T;$-23$,752/0.;$52/.73"#0$"2#0./-52/TD$$
*7$35660.02/$0`,.0;;572;$-##0;;$/A0$;-10$;/7.-S0d$
!! -~5�$;-10$-;$-~C�$RA02$5$n$C$
!! -~5�$;-10$-;$B~5�$RA02$-$n$B$a*:"*7"'8b$

!!vA0$"2#0./-52/T$5;$-##7173-/03$30,02352S$/7$/A0$
C523$76$-2-:T;5;$
!! %2TO,-/AD$S02$;0/;$;A7":3$52#:"30$-::$,7/02/5-:$-:5-;0;$
-23$C5::$;0/$;A7":3$52#:"30$72:T$RA-/$5;$30_525/0:T$
1735_503$

!! %::O,-/AD$=5#0$=0.;-$
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!!(2/.-,.7#03".-:$
!!u5/A52$-$;52S:0$10/A73$7.$,.7#03".0$

!! -;$30;#.5B03$;7$6-.$
!!(2/0.,.7#03".-:$

!! %#.7;;$;0=0.-:$10/A73;$a-23$#:-;;0;b$7.$,.7#03".0;$

!!F7;/EV.0#5;572$/.-30O766;$67.$52/0.,.7#03".-:$
-2-:T;5;$-.0$#.5/5#-:H$-23$356_5#":/$
!! #72/0`/$;02;5/5=5/T$
!! _:7RO;02;5/5=5/T$



*+,-./01
02/$345267.1

-/58"0H$9-#":/+$30;$;#502#0;H$?25=0.;5/+$30$@A0.B.77C0H$N"+B0#$
MJILOIJOJI$

KK$

&&JKLOP9*$D$%3-,/-/572$:5B.0$3"$#A-,5/.0$G$30$Q@76/R
-.0$/0;/52S$-23$-2-:T;5;QH$U

-".7$V0WWX$Y
$U
5#A-:$Z7"2SH$MJJ[<$

FCA6IV6)2IA2@6@a@6?)

sub() sub() 

bar() { 

} 

sub() { 
foo() { 

} 

} 

(call) 

(return) 

(call) 

(return) 

A context-sensitive (interprocedural) analysis 
distinguishes sub() called from foo() 
from sub() called from bar(); 
A context-insensitive (interprocedural) analysis 
does not separate them, as if foo() could call sub() 
and sub() could then return to bar() 
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!!w0-#AH$%=-5:H$0/#<$R0.0$_:7RO;02;5/5=0H$
52/.-,.7#03".-:$-2-:T;0;$
!! vA0T$#72;530.03$7.30.52S$-23$#72/.7:$_:7R$30#5;572;$
!!u5/A52$-$;52S:0$,.7#03".0$7.$10/A73H$/A5;$5;$a6-5.:Tb$
#A0-,$Ä$'a2Kb$67.$2$F9P$2730;$

!!U-2T$52/0.,.7#03".-:$_:7R$-2-:T;0;$-.0$_:7RO
52;02;5/5=0$
!! 'a2Kb$R7":3$27/$B0$-##0,/-B:0$67.$-::$/A0$;/-/0102/;$
52$-$,.7S.-1]$
!! vA7"SA$'a2Kb$72$0-#A$5235=53"-:$,.7#03".0$15SA/$B0$7C$

!! '6/02$_:7RO52;02;5/5=0$-2-:T;5;$5;$S773$027"SA$<<<$
#72;530.$/T,0$#A0#C52S$-;$-2$0`-1,:0$
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!!*-/-$_:7R$1730:;$30/0#/$,-//0.2;$72$F9P;D$
!! t730;$525/5-/52S$/A0$,-//0.2$
!! t730;$/0.152-/52S$5/$
!! t730;$/A-/$1-T$52/0..",/$5/$

!!'6/02H$B"/$27/$-:R-T;H$-B7"/$_:7R$76$5267.1-/572$
a30,02302#0b$

!! V.7;D$
!! F-2$B0$51,:0102/03$BT$06_5#502/$5/0.-/5=0$-:S7.5/A1;$
!! u530:T$-,,:5#-B:0$a27/$e";/$67.$#:-;;5#$Å3-/-$_:7RÇ$,.7,0./50;b$

!! !515/-/572;D$
!! ?2-B:0$/7$35;/52S"5;A$60-;5B:0$6.71$5260-;5B:0$,-/A;$
!! %2-:T;0;$;,-2252S$RA7:0$,.7S.-1;$a0<S<H$-:5-;$-2-:T;5;b$1";/$/.-30$
766$,.0#5;572$-S-52;/$#71,"/-/572-:$#7;/$


