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e  True liveness detects more superfluous assignments than repeated
liveness !!!

True Liveness:
0 r=ux—1;
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1.3 Removing Superfluous Moves

Example:

This variable-variable assignment is obviously useless
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1.3 Removing Superfluous Moves

Example:

This variable-variable assignment is obviously useless :-(

Instead of 3, we could also store 7" :-)
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1.3 Removing Superfluous Moves

Example:

Advantage: Now, y hasbecome dead :-))




Idea:

For each expression, we record the variable which currently contains its

value :-)

Weuse: V= (Expr\ Vars) — 2V
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1.3 Removing Superfluous Moves

Example:

MIR] =1 MIR] =1
Advantage: Now, 1 hasbecome dead :-))
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[dea:

For each expression, we record the variable which currently contains its
value :-)

Weuse: V= (Ezpr\ Vars) — 270

245

Idea:

For each expression, we record the variable which currently contains its
——

value :-) 1_,‘_\

We use: V and define:

LIFv =
. o ] ife’ =
[Pos(e)]? lk‘ = [Neg(e)!Ve = ; :
Ve’ otherwise
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Vaule} if ¢=c¢
(Ve \{«} otherwise
{ (Ve)yu{z} if ye Ve
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cUu{x} if ¢=c
N {x} otherwise
eyU{z} if yeVe
e\{z}  otherwise
r} if ¢ =¢
Ve \{ '} otherwise
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In the Example: In the Example:

0 (D) 0 (1)

1 r+1; 1 T+ 1;
(e 10 (1} (@) ™1 fe+1- {1} (@)
1y 1" y=1:
{4+ 1+ {y,T}} o {x+1—{y,T}} o
M[R] = y; M[R] = y;

{410 {y,T}} @ {410 {y,T}) @

> We propagate information in forward direction :-)
At start, Vye=1 forall ¢;
» L C VxV isdefined by:

NWCW, iff Vie 2 Ve forall ¢
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Observation:
The new effects of edges are distributive:

To show this, we consider the functions:
M fiVe=(Vel\{z}
@) [V =Va{eral}
B f5'Ve=weVe)?(Veul{r}):(Ve\{z})
Obviously, we have:
[r=c] = FYop
=l = £
[e= M = £ f

By closure under composition, the assertion follows :-))
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In the Example:

»  We propagate information in forward direction :-)
At start, Vye=10 forall e;
» CC VxV isdefined by:
WCV, iff Vie 2 Ve for all
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Observation:
The new effects of edges are distributive:

To show this, we consider the functions:

M fiVe=(Vel{r}

2 f[V=Va {e —a}}

B) f'Ve=(weVe)?T(Veu{z}): (Ve\{r})

Obviously, we have:
=clt = s
=yl = f*
[e=MF = f3% ff

By closure under composition, the assertion follows  :-))
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(1) For fVe=(Ve)\{r}, we have:
fMiuWa)e = ((ViuVy)e)\{=}

Vie) N (Vae))\{r}

Vie\Mah) n((Vae)\{z})

Vie) N (f Vae)

Vil fia)e =)

((
((
= (
(f
(f




(2) For fV =V @ {e+s a}, we have:

FViuwe)e' = (Vi Va) @ {e—a})
= (11 L ‘.2) e’
= (fWhU fVa)e'  giventhat e # ¢

fViug)e = (ViuVe) @ {e > a})e
= (Vi {ec—a}) (Vo {ersa})
= (f Vi fVa)e =)

(3) For fVe=(yeVe)?(VeUd{z}):((Ve)\{z}), we have

FViuVa)e ((ViuVa)e\feHU(y e (ViuVe)e) ?{x}:0
(VienVae\{z}) U (y €( 1(01"2: )2 {a}:0
(VienVye \{J}

(
(
(
(yeVie)? {z}:0)N((y €Vae)?{x}:0)
(
(
(

(VieN{z}H U (y eVie)?{z}:0)N
(VeeN{zH U (y eVae) 2 {a}:0)
f 1|Jf1"2)< =)

We conclude:

> Solving the constraint system returns the MOP solution :-)
> Let V denote this solution.

If reVule,then = at u contains the value of
which we have stored in 7,

——

the access to = can be replaced by the accessto 7,

For VeWV,let V denote the variable substitution with:

i T, ifre Ve
V-r =
T otherwise

if VenVe =0 for ¢+ ¢ . Otherwise: V- r =2 :)

e —

Transformation 3:

o=Vl

Pos (¢) ﬁ Pos (a(¢))

O=®

.. analogously for edges with Neg (¢)

O O




Transformation 3  (cont.):

9
Il
=,

O0~® OGO

ii Mle];
iu: 1] = es; ﬁ

Procedure as a whole:

(1)  Availability of expressions:
+  removes arithmetic operations

—  inserts superfluous moves

(2)  Values of variables: r3
V| | =0o(es .
Mlo(er)] =a(e2) +  creates dead variables
(3)  (true) liveness of variables: T2
+  removes assignments to dead variables
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Transformation 3 (cont.):
Procedure as a whole:
o= V[u|
T = Mlel; ﬁ = Mla(e)]; (1)  Availability of expressions: I'l
Q +  removes arithmetic operations
—  inserts superfluous moves
o= V[u| (? (2)  Values of variables: 3
VI e1] = es; ﬁ V| | = >
Mled = ex; O floer)] =o(e2) +  creates dead variables
(3)  (true) liveness of variables: [2

+ removes assignments to dead variables




Example: al7l--; Example: a[7]--;
T 1 +7 T A+ T
14 A4+T A 414+ 7 44 Ty Ay T ;
By = M[A, - By = M|A, - By = M[A, - By = M[A,
By = B, ) Bz = By , T: = By l T: = B,
g 1 +7 45 A+ 7 By Ty By Ty
M[As] = Ba \M[Az) = By Ty =A+7
An Ty As T
Vi B | As By
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Example (cont.): al7]l--;
1 1 T Ty .| T 1 1+ T
A1 1y 1, T
By Ay By VT By VT
3 2
T B T B . T B
*1 2 ¥l = 1
Bo 15 Bo T
12 = T} 1y =T}
W[ Az I W [Ty T V[T 1
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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:
Neg (x )
r="T; Neg (x 1 = B; B;
if | r=0]
]
M[A] = B;
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Idea:

Generalization: Partial Evaluaton

Neil D. Jones, DIKU, Kopenhagen

265

Design an analysis which for every u,

e  determines the values which variables definitely have;

e tells whether « can be reached at all

=)




Idea:

Design an analysis which for every 1w,

e  determines the values which variables definitely have;

)

e tells whether u can be reached at all

The complete lattice is constructed in two steps.

(1) The potential values of variables:

Z' =ZU{T} with 2Cy iffy=Torax=y
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Caveat: Z7 isnota complete lattice in itself :-(

Q) D= (Vars = Z")L = (Vars > ZT)U {L}
// L denotes: “not reachable” :-))
with D,C D, iff 1=D or
DyxE Dyr (2 € Vars)

Remark: D isacomplete lattice :-)

ZXF> 2, 9>




