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analogously for the diverse stores
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In the Example:
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{r+1—={u.T}} (3)
¢ M[R] =
e+l wTh ()
248
In the Example:
0 (1)
| T=s+1;
{z+1={T}} (2)
V=T
{z+1=(uTH @)
¢ MR
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In the Example: Observation:

The new effects of edges are distributive:

~
Il
}

To show this, we consider the functions:

() fiVe= (Vo)
{fw}}
= (y e V)T (Veu{a)): ((Ve\f=))

{z+1 (T} (

{r+1—={yT}} :

__‘_ [25) By B ey
/) N N N/
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1—-1<-4
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{r+1—{y,T}}

—  We propagate information in forward direction :-) [z = &) = fé'm o fi
At start, Voe=1 forall e; [ =yl = f7
— LC£C VxV isdefined by: [z = Me ]} = fé'w o ff
VeV, iff Vie 2 Vie forall ¢ By closure under composition, the assertion follows  :-))
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(1) For fVe=(Ve)\{z}, we have: (2) For fV =V @ {cr a}, wehave:
FViuW)e = [(ViuVa)ef\{z} JMVMulz)e = (W)@ {e—a}l)e
= (Vie) N (Vee)\{z} = (Viuy)e
= [(ENEH N [N — (UViufV)e  giventhar e ¢
= [TVicg]n{fVae) |
— (FViUfVy)e ) fViuVa)e = (ViuVa)d{er a})e
= a
= (Vi@ {em a))n((Vad fers a})o)
= (fVilfVa)e :-}




(3) For fVe={(y

FUV)e

eVe)?

(Veu{z}): ((Ve)\{x}), we have:

(ViuV)enN{zh Uy e(ViulVa)e) ?{z}:0
(VienVee\zP U (y e(VienTae))?{z}:0
((VienTa \{\a})

(yeVie){z}:0)N((y €Vae) ?{x}:0)
(oMb U (v e hr):{»-}:wm
(Vee{a}) Uy €Vae) ?{}:0)

(FViU fVa)e )

We conclude:

—  Solving the constraint system returns the MOP solution :-)

— Let V denote this solution.

If =€ V[ule,then = at w contains the value of
which we have stored in T

the access to = can be replaced by the accessto T,

For V eV, let V~ denote the variable substitution with:
. T, ifr e Ve
L Tr =
T otherwise

if VenVe =0 for e#¢ . Otherwise: V- z=2z2 :)

I

=)
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Transformation 3:
- Procedure as a whole:
/
) o =Vlu] N
Pos (e) ﬁ Pos (o(e o .
; ! Y (e) (1) Availability of expressions: T1
Y Yy .
( | L)
~ b +  removes arithmetic operations
—  inserts superfluous moves
analogously for edges with Neg (¢) P
(2)  Values of variables: T3
TN
) a=V[u] (U +  creates dead variables
l T = — x=o(e)
') ™ (3)  (true) liveness of variables: T2
N/ pN /"

+  removes assignments to dead variables
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1.4 Constant Propagation

Obviously, = has always the value 7 )

Thus, the memory access is always executed :-))

Idea: Goal:
Execute as much of the code at compile-time as possible!
@
Example: |
(2)
d Neg )
f2=T7 — e
13)
G- \'J' s
=7 Neg ), Pos (2 > 0 \|=R MI[A] = B;
if (z > 0) \3- (1)
it (x> * 0o n P
d
M[A] =B : —F
: _\ . ¥ '\.J./
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Obviously, = has always the value 7 :-) Obviously, = has always the value 7 :-)
Thus, the memory access is always executed :-)) Thus, the memory access is always executed :-))
Goal: Goal:
® ® ®
@) (2) (2)
Neg TN Neg 0) / "‘\Eus r>0 -
N\ LY
©) ©) — ©
i MIA] = B; ; M[A] = B:; J M[A] =B
® (1) (1
//)., \ Y - /;‘,
~ea N _F
2/ 2 24
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Generalization:

Partial Evaluation

Obviously, = has always the value 7 )

Thus, the memory access is always executed :-))

Generalization:

Goal:
:\i_/:
(2)
Neg (x>
©)
| Mla=B
JO) (4
\ / i
N i
&) &)
Neil D. Jones, DIKU, Kopenhagen
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Idea:

Partial Evaluation

Neil D. Jones, DIKU, Kopenhagen
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Design an analysis which for every u,

e determines the values which variables definitely have;

e tells whether u can be reached atall  :-)
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Obviously, « has always the value 7 :-) Idea:

Thus, the memory access is always executed :-)
Design an analysis which for every u,

Goal: e  determines the values which variables definitely have;

e tells whether w canbe reached atall :-)

The complete lattice is constructed in two steps.

Neg (z > 0) ’,/“ Pos = .
e \ (1) The potential values of variables:

ZT=ZU{T} with zCy iffy=Torx=y

264 267
Caveat: ZT isnot a complete lattice in itself - Caveat: ZT isnota complete lattice in itself -
(2 D=(Vars = Z")1 = (Vars = ZT)U {1} (2) D= (Vars = Z7) = (Vars = ZT)U{L}
// L denotes: “not reachable” :-)) // L denotes: “not reachable” :-))
with D, C D, iff 1 =D, or with D, C D, iff 1=D, or
DyxC Dyx (v e Vars) DiyxCE Doz (z e Vars)
Remark: D isacomplete lattice E Remark: D isa complete lattice :-)

Consider X CD.Wlo.g, L&X.
Then X C
If X=0,then |[JX=1LeD :)
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If X#0 ,then [|X =D with

De = Ufo|feX}
{z if fr=2z (felX)

T otherwise

It X#0 ,then ||X=D with

Dz = ||{fz]|feX}
{z if fe=2 (feX)

T otherwise

%W—ﬁfa >y L
QZX Hf)f)ﬁ; Hl} L] _)__ —

% N T, 5 22

If X#£0 .then ||X =D with

Dz = |H{fz]|feX}
{z it fr=z (feX)

T otherwise

For every edge k= (_,lab, ), construct an effect function
[k]f = [lab]* : D — D which simulates the concrete computation,

Obviously, [lab]* L = 1 forall lab :-)
Nowlet L #De Vars = Z".

[dea:

e Weuse [ todetermine the values of expressions.

éﬂ_ }(?\(4—'/1]'
P\\> = %_Y*—)Aﬁ)bb)—))—gg

[ecf D = Tx%, 3~ B

I




Idea: Idea:
e Weuse D todetermine the values of expressions. e  Weuse

D to determine the values of expressions.

e  For some sub-expressions, we obtain T = :-) e  For some sub-expressions, we obtain T :-)

We must replace the concrete operators O by abstract operators
0%  which can handle T :

T if a=Torb=T

al" b=
aOb otherwise
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Idea: Abstract evaluation of expressions is like the concrete evaluation — but

with abstract values and operators. Here:
e Weuse D todetermine the values of expressions.

[]¢ D - e
e  For some sub-expressions, we obtain T - [, D s D [e1]f DO [ea] D
€1 [ 2 = [ 1 €2
... analogously for Lu/]}qry operators  :-)

We must replace the concrete operators 0 by abstract operators
Of  which can handle T :

T if a=Torb=T

aOb otherwise

al b=

e  The abstract operators allow to define an abstract evaluation of
expressions:

I[r]]u o (Vars %ZT) A




Abstract evaluation of expressions is like the concrete evaluation — but
with abstract values and operators. Here:

[]: D - ¢
[ 0D = [a]f DOF[e]f D

... analogously for unary operators -
Example: D={rw 2y~ T}

[t +7D = []*D + [7]*D

= 2+4F7
= 9

_ D = % T
277

Thus, we obtain the following effects of edges  [lub]* :

[ D

[Neg (e)]* D
[+ =e]tD
[[‘1‘ = _1[} ]]uD

D

1L if 0=[e]FD
otherwise
D it 0C[e)*D
{ 1 otherwise
D@ {z— [e]* D}
D& {rw— T}

[Mley) = e D = D

... Wwhenever D#1 )

At start, wehave Dt ={zw— T |z e Vars}.

Example:

At start, we have

Example:

_ 1t
U—V‘La”7°m m(?““” )= 4

Dy ={z T |z e Vars}.

1 2T}
2 | {z—T7}
3| (w7
1] ey
5 ( Du{emTh={o—T)




The abstract effects of edges [k]* are again composed to the effects of
paths w=Fki ...k by

[7]* = [EJ*o...o[k)f :D—D

Idea for Correctness: Abstract Interpretation
| Cousot, Cousot 1977

281

Patrick Cousot, ENS, Paris
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The abstract effects of edges [k]* are again composed to the effects of
paths 7 =Fki...k by:

[7]* = [ o...o[k)f :D—D

Idea for Correctness: Abstract Interpretation
Cousot, Cousot 1977

281

Patrick Cousot, ENS, Paris

282




The abstract effects of edges  [k]*  are again composed to the effects of (1)
paths 7=k ...k by:

[7]* = [EJ*o...o[k)f :D—D

Idea for Correctness: Abstract Interpretation
Cousot, Cousot 1977

Establish a description relation A between theconcrete values and
their descriptions with:

sAay, A agCay =—— xAa

Concretization: ya=Hz|xAa}

//  returns the set of described values -

€)= 2~ J’bQ(LI‘)
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]

£

Values: ACZxZT

Concretization:

zAa iff z=aVa=T
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(1) Values: ACZxZT

Concretization:
{a} if aCCT
ya=
Z if a=T
(2) Variable Assignments: A C (Vars = Z) x (Vars = Z7),

pAD iff D£ 1 / p‘:AD‘r (z € Vars)

Concretization:
if D=1
D= / '
{p|Vz: (pz) A(Dz)} otherwise
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