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Zeitplan bis zum Jahresende

Abstrakte Interpretation (von TRIPLA)
Weihnachtsdings + Vortrag Wélwer Abgabe Ubungsblatt ,,Ubersetzung von Java“
Abgabe Projekt Il

A2

Datenflussanalyse Ubungsblatt , Datenflussanalyse”
Datenflussanalyse von TRIPLA
Projekt IV (Kontrollflussanalyse) Abgabe Ubungsblatt ,, Datenflussanalyse”

Code Clone Detection

Reverse Engineering, Erkennung von
Entwurfsmustern

Gastvortrag: ,,Programm Analysis and
Transformation from a Practitioner’s Point Projekt V (Datenflussanalyse)
of View" (Jonas Eckstein, itestra)

Abgabe Projekt IV
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Formale Beschreibung der Kontrollflussanalyse

Gegeben sei die Grammatik G:
E - let D in E
| ID
ID ( A )
E AOP E
(E)
CONST
ID = E
E ; E
if B then E else E
while B do { E }

o
Ll =1l === == — — —

E | A, E
D ID (V) { E }
D D
\Y ID | VvV , V
B E | E RELOP E
ID: Bezeichner (fangen mit Buchstaben an und

bestehen aus Buchstaben und Zahlen)
CONST: ganze Zahlen
AOP: arithm. Operatoren (+, -, *, /)
RELPOP: Vergleichsoperatoren (==, I=, <, >)

* Wir definieren die Analyse
durch Induktion Uber die
Struktur von Ausdrucken:

cfg : LGTRIPLA(E) X W — I

* In der Knotenumgebung
werden fur Funktionen
deren in und out Knoten
gespeichert:

U . Identifier — V x V



Intraprozedurale Kontrollflussanalyse

1d=e const id €1 ; € €1 op €s

@ const id @ @

: v

id=e e, @
v

e, ope,

if e; then e, else es while ey do { ey }

(e ) ‘
1 e
1
T F
F
82 e3 T
&
e




Formale Definition eines Kontrollflussgraphen

A CFG is a tuple (V, E,in,out) where
e V is a set of nodes,
o /F CV x L XV aset of edges,
o .=1{¢,T,F} a set of labels,

e and wn,out € V are start and end nodes.



CFG fur einfache Ausdriicke: cfe(w) = (v.E.in,out), where

e
Q if w = id=e then <

in =in'
id=e | out = w
where (V’: E’ in', out") — cfg(e, ).
[V ={w}
; : . E=10
id const if w =1d or w = const then ¢ .
n = w
| out = w
o [V =V, UVaU{w}
- E = F,UFEsU{(outy.€,ins). (outs, €, w
if w=-e; op es then { . 1 2 U{(outy, €, iny), (outs, )}
(€ in = in,
il | out =w
e, op e, where (V1, Ey,ing, outy) = cfg(er, ) and (Va, Ea, ing, outs) = cfg(es. ).
(V= Viu Vs
e . E = E, U E> U {(outy, €, in:
@ ifw=e; ; ey then ¢ . ‘1 2 U {(outy, ¢,inz)}
in = ing
O | out = ouly

(V =V'U{w)

E =FE U{(out',e,w)}

where (V1, Ey,iny, outy) = cfg(ey, 1) and (Va, Ea, ing, outs) = cfg(es, ).



CFGs fur IF-THEN-ELSE und WHILE

if w=1if e; then ey else ez then
( V=V, UVo U V3 U {diamond, glue}
EF= FiUEFsUE;
U{ (outy, €, diamond), (diamond, T, ins), (diamond, F,inz),
(outs, €, glue), (outs, €, glue) }
M = 1N
| out = glue

i where (V;, E;,in;,out;) = cfg(e;,1) and diamond and glue are two new
nodes.
e, if w :w{hile e1 do { eo }p then
V =V, U Vy U {diamond, glue}
. E = E; U FEsU{(outy, e, diamond), (diamond, T, ins),
< (diamond, F, glue), (outa, €,in }
T m = 1inq
(& | out = glue
where (V1, By, iny,outy) = cfg(er, ) and (Va, Es, ing, outs) = cfg(ea,v) and diamond and

' glue are two new nodes.



Interprozedurale Kontrollflussanalyse

let f1(...0{...} fCop,...,u){ e }
frC..){...} in e START f(vy5..., V)
“
v
@ END f(V{5eees V)

f(e], ey Bk)

G

i

@{T)

CALL fleys..., €) START f(Vyyeeey V)

RET f(eqs..., €)) END f(vy5e..s V)




Interprozedurale Kontrollflussanalyse

fCop,...u){ e }

> START f(Vyyeee, ¥})

©

END f(v1,o ooy Vk)
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CFG fur LET-Ausdruck

cfg(w, ) = (V, E,in, out), where

if w=1let f1(vi,...,vp )ei}-- fr(f,...,vk d{ex} in e then
(V=V'uUUV;

in =in' verschachtelte LETs
| out = out’

where ¢' = ¥[(iny, outy)/ f1] - - - [(ink, outy)/ fi] | ‘
with in; = (START, f; (vi,...,v;.)), out; = (END, f; (v}, ...,v}.)),
and (V' E' in’, out’) = cfg(e, ')

and (V;, E;,in;, out;) = cfg(fi(wi, ..., v} e}, )

1



CFGs fur Methodendefinition und -aufruf

START f(Vyye.ey V) ifw=f(y,...,v){ e } then
(V=V'U{ ingsouts}
@ E = E' U{(ins,€,in’), (out’, €, outy)}
1 < mn =1y
| oul = outy

END f(V{yeees V)

where (V', E', in’ out’) = cfg(e, 1) and (ing,outs) = (f).

~ ifw= f(e;, ..., e) then
: (V= {ing,outs,out} UV,
v E = {(outy,€,ins),...(outyp_1,€,inyg),
@ (outy, €, call), (call, e, iny), (outs, €, ret),
] < (call,e,ret)} U U E;
CALL fley,..., €,) START f(vy5e..5 V) m = 1iny
l L out = ret
RET fies..., &) END f(Vyy...y %) where (V;, E;,in;, out;) = cfg(e;, ),
(ing,outy) =1 (f) and call = (CALL,w), ret = (RET, w).




let ggT(a,b) {
if (a==b) then
a
else
if (a>b) then
ggT(a-b,b)
else
ggT (b-a,a) }
in ggT(28, 49)

13



TRIPLA Sourc Code

let ggT(a,b) { if (a==b) then a

else if (a>b) then ggT(a-b,b)
else ggT (b-a,a) }

in ggT(28, 49)

=

ggT(28,49)

ggT(a,b) {if (a==b) then a

else if (a>b) then ggT(a-b,b)
else ggT (b-a,a) }

28

v
49

v

CALL ggT(28,49)

A A 4

RET ggT(28,49)

\ 4

START ggT(a,b)

{if (a==b) then a
else if (a>b) then ggT(a-b,b)

else ggT (b-a,a) }

END ggT(a,b)

Abstract Syntax Tree

LET
L FUNDEF

|: ggT(a,b)
IF
L __

L

L FUNCALL
L ggT

|: 28
49

= 4d
- b
FUNCALL
- ggl

L b
FUNCALL
|: geT

[

O Q

14



TRIPLA Quellkode

let ggT(a,b) { if (a==b) then a
else if (a>b) then ggT(a-b,b)
else ggT (b-3,a) }
in ggT(28, 49) /

/
]

28

y
49

v

CALL
ggT(28,49)

y ;

RET
ggT(28,49)

\ 4

START ggT(a,b)

END ggT(a,b)




TRIPLA Quellkode

let ggT(a,b) { if (a==b) then a

else if (a>b) then ggT(a-b,b)

else ggT (b-a,a) }
in ggT(28, 49)

28

'
49

v

CALL
ggT(28,49)

\ 4 J

RET
ggT(28,49)

7'}

START ggT(a,b)

v

| a-b |
7

| b-a |
7

| b_|

_ a |

v

v

CALL ggT(a-b,b)

CALL ggT(b-a,a)

v

v

RET ggT(a-b,b)

4

RET ggT(b-a,a)

v

END ggT(a,b)
|

16



Rekursion

TRIPLA Quellkode

let f(x) { if (x>0) then
x=1; f(0)+x

else 0}
in f(4) \

rekursiv, aber nicht endrekursiv

4
v

CALL f(4)

y Vv

RET f(4)

END f(x)

17



Interprozedurale Datenflussanalyse

* Knotentypen
— X (lesender Zugriff auf x)
— ¢ (Konstante)
— el op e2 (binarer Ausdruck)
— Xx=e (Zuweisung)

— <?> (,if true”, Bedingung steht in Vorganger)

— CALL
— RET
— START
— END

4
!

Implementierungshinweis:

Statt Mengen von Kanten verwendet

man besser Pointer.

CALL f(4)

V’l

RET f(4)

START f(x)

5

CALL f(0) [—

l—
RET f(0)

END f(x)

18




Konstantenpropagation: Beispiel

a=0 e a=0

b=1 e b=1

c=2 * =2

if (d>0) a=5 else b=a » e if (d>0) a=5 else b=0
d=a*b+c e d=a*b+2

19



Vorwartsflussproblem: Konstantenpropagation

IN(in) =10 £ =La(ID) x Lg(CONST) : ..

OUT(in) = () Implementierungshinweis:

for allv € (V — {in}) do & nicht erzeugen, sondern
IN(v) =& als speziellen Wert darstellen

OUT(v) = (IN(v) — KILL(v)) UGEN(v)
while there are changes do
for allv e (V — {in}) do

und als Sonderfall bei Mengen-
operationen behandeln.

OUT(v) = (IN(v) — KILL(v)) UGEN (v) | OUT(v):={(id,c)|(id,c) € IN(v) and id ¢ KILLV ARS(v)} U GEN (v)

( {id} if v = id=e
; N {vy...,vr} if v=(START, f(vi1,...,v%))
KILLVARS(v) = < {vi,...,v} ifv=(END, f(v1,...,v))
0 otherwise
KILL(v) = {(id,c)|id € KILLVARS(v) and c is a constant}
' if v = id= Analog zu
GEN(v) = { é(zd, 2 i)tﬁe Z.Ciec Erreichbaren
twi Ausdriicken

20



X=7

— START f(x)

‘ CALII f(3) I—

‘ RET (3) I-

X>7

“~ END f(x)




Ruckwartsflussproblem: Lebendige Variablen

4

KILLVARS(v) = ¢

\

for all v €V do
IN(v) := GEN(v)
while there are changes do
for all v €V do
if v == (CALL,w) then
dlret € succ(v) with ret = (RET,w)
dlstart € succ(v) with start = (START,w’)
dlend € pred(ret) with end = (END, w’)
A := (OUT(end) — OUT (start)) — KILL(start)
IN(v) := (OUT(ret) U IN (start)) — A
else
OUT (v) = Usesucc(w) TN (8)
IN(v):=(OUT(v) — KILL(v)) UGEN (v)

{id)
{‘Ulj Cee
0

if v = id=e
{v1...,u} ifv=(START, f(v1,...,vr))
'Uk} if v = (END,f(?Jl y o s ,‘Uk))

otherwise
KILL(-U) — KILLVARS(’U)
B {id} ifv=1id
GEN(v) = { 0 otherwise
Hinweis:

In der vorherigen Vorlesung wurde
USE und DEF statt GEN und KILL
verwendet, um die Mengen zu
benennen..

22




Riickwartsflussanalyse

>

Interprozeduale DFA: Lebendige Variablen
1. Fall: AuRere Variable nicht durch Parameter Giberdeckt

y live

|

START f(x)

CALL f(3)

|

RET f(3)

l

y

(a) The variable y is read af-
ter the function call, but nei-

END f(x)

ther written nor read in f().
A={yt—{yy) —{z} =0
IN = ({y}u0) -0 ={y}

y not
live

|

*| START f(x)

CALL f(3)

RET £(3) [*

|

y

(b) The variable y is read af-
ter the function call, but writ-

END f(x)

ten along all paths in f().
A={y}—0) —{z} = {y}
IN = ({ytui{y}) —{y} =0

y live [ START f(x)

|

CALL f(3)

RET f(3) [+
no read

dccess — END f(x)
toy

(¢) There is at least one path
along which the variable y is not
written before it is read in f().
A=0-{y}) —{z} =0
IN =0u{y}) —0={y}

23



Riickwartsflussanalyse

>

Interprozeduale DFA: Lebendige Variablen
2. Fall: AuRere Variable durch gleichnamigen Parameter Uberdeckt

y live

|

CALL f(3)

v

RET f(3) [

l

START fl(y)

y

(a) The variable y is read after the function call.
All occurrences of y in f() refer to the parameter
with the same name, not to the outer variable y.

A={y}—M)—{y} =10
IN = ({y}ud) - 0={y}

END f(y)

y not
live

1

CALL f(3)

START f(y)

RET f(3) [+

l

no read

access '~ END f(y)
toy

(b) The variable y is not read after the function call.
All occurrences of y in f() refer to the parameter
with the same name, not to the outer variable y.
A=(0—M)—{y} =0

IN=(0Qud)—0=0

For the computation: OUT{(start) = M where M = {y} 1f'y is read and not written along

at least one path in f and M = @ otherwise.

24



Interprozeduale DFA: Lebendige Variablen
Problem: Propagation entlang ungultiger Pfade

%y live
(a)l

—)

START f(x) [*

CALL f(3)

RET f(3)

€

l

4

%z live

_®

CALL f(4)

END f(x)

*| RET f(4)

|

Y

A= ({y,z}—{y’z})—{az}zw
a) IN = ({z} U{y,2}) =0 ={y, 2}
b) IN = ({y}U{y,2}) —0={y, 2}

25



Lebendige Variablen: KILL und GEN

(1] G K | O » START g(x) |
2] - »| START f(x,y,2) —

: Y,

; ﬁ &2 |
cALL £(1,2,3) “y e E;m
RET f(1,2,3) 6 K I O@:D =3 >0

S o Q F T
TRIPLA Quellkode
' © CALL g(x) 8
let f(x,y,z) { X=8
y=2’ y g5 G K I ()?
3. G K | oa RET g(x) X
let g(x) { v
G I 0
x=7; < G:I)f
if (y>0) g(x)+x g9

then g(y) y

else x=8; c@m ' © @END f(x,y,2) END g(x)

X 10 )&
}in g(x)+x
}in f(2,3,0)




Lebendige Variablen: Intialisierung IN=GEN

[ 1] G K 1 o o START g(x) [+

v X,Y,2

2 » START f(x,y,z)

: 5] :

f g2 K
cALL £(1,2,3) “y e E;m
RET f(1,2,3) 6 K I O@:D =3 >0

xS °E F(T
TRIPLA Quellkode
SR © CALL g(x) 8

let f(x,y,2) { x=8

y=2' y g5 G K [ ()?

3. G K | oa RET g(x) X

let g(x) { v

G [ (0]

if (y>0) g(x)+x g9

then g(y) I

else x=8; c@m ' © @END f(x,y,2) END g(x)

X g0 10
}in g(x)+x
}in f(2,3,0)




Lebendige Variablen: Ergebnis

CALL f(1,2,3)

h 4 \ 4

RET f(1,2,3)

TRIPLA Quellkode

let f(x,y,z) {
y=2;
z=3;
let g(x) {
X=7;
if (y>0)
then g(y)
else x=8;
X
}in g(x)+x
}in f(2,3,0)

G | (0]
y y
G K » START g(x) |
*[ START (x,y,2)
v
i 2
G K (0] —
y X,y y=2 | i{[ @3 ‘ XEy x(,)
0
G K 0 —
2 xy &) z=3 >0 MG K I o0
Xy Xy
B rm P
8 G K | 0]
6 K03 ) can gix) il et i
' X=8 X , I 5 CALL g(y)eG K le
G K 0 8> X X
2 RET g(x) I !
v RETg(y)’ N
G K I Oa X
X X +

29



Programmoptimierung

|
G K 1 O

X,y x,ve z=3

}
e zist hier nicht lebendig, d.h. es gibt keine zuklnftige

Verwendung von z. Daher kann auf die Zuweisung verzichtet
werden, im Allgemeinen jedoch wegen moéglicher Seiteneffekte
nicht auf die Auswertung der rechten Seite der Zuweisung.

N

* Im Programmcode kann id = ¢ durch ¢ ersetzt werden, wenn
fur den entsprechenden Knoten v im Kontrollflussgraphen
id ¢ OUT(v) gilt.

30



Ruckwartsflussproblem: Reached Uses
(Erreichte Verwendungen)

([ {(p,id) | p’ € P} if v = id=e?
KILL() = 9 {(-p",*sgdl) ey (p’,-idk,) | p € P} ?f v = (START, f(-id.l e ,id;c)p)
{(p',idy),...,(p",idg) | p' € P} if v = (END, f(idy,...,idg)")
0 otherwise
for all v €V do GEN(v) = { Q{j(p )} (l;:fti L;Wﬁ;
IN(v) :=GEN(v)
while there are changes do -

for all v €V do
if v == (CALL,w) then
dlret € succ(v) with ret = (RET,w)
dlstart € succ(v) with start = (START,w')
dlend € pred(ret) with end = (END, w’)
A := (OUT(end) — OUT (start)) — KILL(start)
IN(v) := (OUT(ret) U IN (start)) — A

else
OUT(U) p— USESUCC(U} IN(S) Analog .le
IN(v) := (OUT(v) = KILL(v)) U GEN (v) Lebendige

Variablen 31



Ruckwartsflussproblem: Reached Uses
(Erreichte Verwendungen)

( {id} if v=rid=e?
B {idy, ... idp} if v = (START, f(idy, ..., idg)?)
KILLw) =0 gy iy} if v = (END. f(idy, . . . id)?)
L 0 otherwise
; T
for all v €V do GEN(v) = { Q{j(p,zd)} gtfla‘l‘xmfidse
IN(v) := GEN(v) |

while there are changes do
for all v eV do MOK = {(pid)| (pid) € M and id ¢ K}
if v == (CALL,w) then
dlret € succ(v) with ret = (RET, w)
dlstart € succ(v) with start = (START,w’)
Jlend € pred(ret) with end = (END, w')
A := (OUT(end) — OUT (start)) © KILL(start)
IN(v) := (OUT(ret) UIN (start)) — A

else
OUT (v) := Usesuccw) IN(8) Analog zu
IN(v):=(0OUT(v)© KILL(v)) UGEN (v) Lebendige

Variablen 32



Reached Uses §f == (CALL,w) ¥hen
dlret € succ(v) with ret = (RET, w)

G K | o) Alstart € succ(v) with start = (START,w')
2 X,Y,Z f4,x »  START g(x) * dlend € pred(ret) with end = (END, w')
f7,x =5 A = (OUT(end) — OUT (start)) © KILL(start)
';{, G K | 0 START f(x,y,2) IN(v) := (OUT(ret) U IN(start)) — A
Yo fax 1, ~ else
; ﬁ =7 OUT(0) = Uy IN(9
CALL (1,2,3) g6,y Ijm IN(v) := (OUT(v) ©® KILL(v)) UGEN (v)
1) g3’ ‘L
v v G IZ( | o — III
f4,x f4,x _
RET f(1,2,3) i o 13 >0 | 4%
gé,y g6y F
By gy & ? L
TRIPLA Quellkode 8
f Y CALL g(x) A &
let f(x,y,z = :
Y ! x=8 caut gly) ()
y_ ’ r g5
z=3; @ RET g(x) vi
let g(x) { v RET g(y).
X=7; G:I)f
if (y>0) g(x)+x g9
then g(y) '
else x=8; @END f(x,y,2) END g(x)
X 10
}in g(x)+x
}in f(2,3)

33



OUTy={} INg=GEN
OUT, = Union of IN of
succcessors IN;=(OUT-KILL) + GEN
Nodes (in
order of
visit) GEN KILL ouT, IN, ouT, IN,
f8
f7 (f7,%) (f7,%)
f6 (f7,x) (f7,x)
gl0 (_,x) (f7,x) (f7,x),(g9,x) no changes to propagate
g9 (89,x) (89,x)
g8 (89,x) (89,x)
g7 (89,x) (89,x) (89,x),(g6,y),(83,y) |(89,x),(86,y),(83,y)
g6 (g6,y) (89,%) (89,x),(g6,y) (89,x),(86,y),(83,y) |(89,%),(86,y).,(83,y)
85 (_x) (89,x)
g4 (89,x),(86,y) (89,x),(g6,y) (89,x),(g6,y),(83,y) |(89,x).(g6,y).(g3)y)
g3 (g3,y) (89,x),(g6,y) (89,%),(g6,y),(g3,y) (89,x),(g6,y),(83,y) |(g9,x),(g6,y),(g3,y) [no change to propagate
g2 (_x) (89,x),(86,y).(g3,y) (g6,y),(83,y) X
gl (Lx) (g6,y),(g3)y) (86,y),(g3,y)
f5 (f7,x),(26,y).(g3.y) (70, e6. ¥ g3y) > |(F7X{eB Y (e3)
f4 (f4,x) (f7,x),(g6,y),(83,y) (f4,x),(f7,x),(86,y),(83,y)
f3 (_2) (f4,x),(7,x),(g6,y).(g3,y) |(f4,x),(f7,x),(g6,y).(83,y)
f2 (_y) (f4,x),(f7,x),(86,y),(83,y) |(f4,x),(f7,x)
f1 (Lx), (L) (L2) |(F4,x),(f7,x)

2nd Iteration: Where did the IN-value of a successor change? => When was a node visited before one of its predecessors? => Where
are cylces? => Where are backward edges? => g10->g8 and g7->g1 =



Datenflussgraph

Mit Hilfe der erreichbaren Verwendungen (Reached Uses) kann der
Datenflussgraph konstruiert werden:

GD — (‘Vﬁ ED)

Ep = {(v,id?)|veV,(pid) e OUT(v)
and v = (START, fGidy, ...,id;)") where 3i : id; = id
or v =id=e?} U E

Es wird eine Datenflusskante von jeder Zuweisung x=e zu den Verwendungen
(lesenden Zugriffen) der Variablen x erzeugt, sowie vom Eingangsknoten des
CFGs jeder Funktion zu den Verwendungen ihrer Parameter.

40



s

START g(X)

' m ‘
»
P

START f(x,y,z)

cALL f(1,2,3)

A 4 A 4

RET f(1,2,3)

TRIPLA Quellkode

let f(x,y,z) {
y=2;
z=3;
let g(x) {
X=7;
if (y>0)
then g(y)
else x=8;
X
}in g(x)+x
}in f(2,3)

RET g(y) Q&




1 CATT f{23) Omdy. 1=t}
R

1t START fixy2) G- 145, %), (51 %)}, 1- 1}

4201045, ), (51, %N, =4S, W 051X

I

oy

R S

ST S O-iSL L 2L YL 29 YL A LY OL Y00 v T

.

Cf?y: 0-145. %), (219 (51,0 (29, 90 - {45, 3L 51 R
B R L I R e e T ——

29 CALL g% 0= 1L 151 %), 12L°%), (29,70

|

| 13 SIART gx) 01029, Y1 (21, YN, 1= ((29. 0 210}

i 6 TO-109, YL L YL 9. YL CL YN

T r—
ST 1O WLZL YL YL '('M)

T My 0 (0, - oLy T

1

397 04142, ), (21, ¥ 029, Y05, 2 X0 LY 09 7 H

=

14 END ) O [142, K0 (5160 1)

48:RET gx) O=}(51, "'}, T-4{51, x)}
\Q‘M [

54 (i) O 3. 11

62 RET[2.310-1).1=1)

b
oo

\

49: CALL g(x) O={}. I={(51.'x). (21.'y"). (29.'y)}

13: START g(x) 0={(29, '), (21, 'y}, I={(29. 'y, (21, 'y')}\

e

/

ST 19T 0m i X LY. (9 YL =G0, Y, (2L )

T 2y om0 CLY 9 YL A2 X, CL, 'y')@

\

@42, %), (LY, (29, ')},

I={(42. ). (21.'y"). (29. 'y}

N

@ O={(42. %), (21."y). (29.'y)}. T={(42. 'x). (21.'y). (29. 'y')}

39: <7 0={(42,'x"). 21, '¥"). (29. 'y)}. I={(42, 'x"), (21, 'y"). (29, '¥")}

33: CALL g(y) O=1}. [={(42, %), (21, 'y"). (29.'¥))}

A

32: RET gly) O={(42, X)}. I={(42, 'x)}

42:x O={}, [={(42. X}

14: END g(x) O={(42.'x), (51."x)}. I={}

T~

48: RET g(x) O={(51. 'x)}. [={(51. ')}
1

42



	Foliennummer 1
	Zeitplan bis zum Jahresende
	Foliennummer 3
	Formale Beschreibung der Kontrollflussanalyse
	Intraprozedurale Kontrollflussanalyse
	Formale Definition eines Kontrollflussgraphen 
	CFG für einfache Ausdrücke:
	CFGs für IF-THEN-ELSE und WHILE
	Interprozedurale Kontrollflussanalyse
	Interprozedurale Kontrollflussanalyse
	CFG für LET-Ausdruck
	CFGs für Methodendefinition und -aufruf
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Rekursion
	Interprozedurale Datenflussanalyse
	Konstantenpropagation: Beispiel
	Vorwärtsflussproblem: Konstantenpropagation
	Foliennummer 21
	Rückwärtsflussproblem: Lebendige Variablen
	Interprozeduale DFA: Lebendige Variablen�1. Fall: Äußere Variable nicht durch Parameter überdeckt
	Foliennummer 24
	Interprozeduale DFA:  Lebendige Variablen �Problem: Propagation entlang ungültiger Pfade
	Foliennummer 26
	Foliennummer 27
	Foliennummer 29
	Programmoptimierung
	Rückwärtsflussproblem: Reached Uses�(Erreichte Verwendungen)
	Rückwärtsflussproblem: Reached Uses�(Erreichte Verwendungen)
	Foliennummer 33
	Foliennummer 35
	Datenflussgraph
	Foliennummer 41
	Foliennummer 42

