How many ways can we do
Reaching Definitions?
* Data Flow analysis
EFe ach_i_ﬂg Definitions * Constraint based approach
* Abstract Interpretabon
Done many ways * Type and Effect Systems
Running Example Data Flow Analysis
v=x; i1 * RDugy(l)=RD (1) - {0y, O | im Lab | U iy, 10}
z=1;: N2 * RDgy(d) = RD,p 2} - { (z. §) | tinLab } U {{z. 1)}
while y=1do{ /3 et
7 = E:BF' fd * D (1)={(=7{#7z 7}
) i = RD_(Z}=RD ({1
¥ =y ]; M5 i Hn': ) ﬂﬂ{ )

RD {3} = RD {21 U RO (5}
y:=0 /6 Sl &




Finding a solution Constraint based approach

RD (1) 2 ROy (1} - { {y. )| linLab }
RI (1) 2 {(¥. 133
RD () 2 RD e (2} - { (z. D} 1 Zin Lab }

* [ et F be this set of equations
* Find RD 5.t RD =F(RD)

— find least such solution * RDgid) =2 1z 10%
—what is a non-minimal solution? e
* RDp (1) 2 {7 (n. Tz 1 &
* BDu(2) 2 RO (1)
* RDur(3) 2 RO (2)
* RD gy (3) 2RO, (5)
Something different
s [nx=[EI'Fly=0FPF]F o C(l) = values that subexpression [ can
evaluate to
* For each function application, which » p(x) = values that x can be bound to
function may be applied?

* [(mz=[E]'Flhy=FFFF
s {mz=[z]'} CCQ)
s {my=FF} ECH




Values taken on by a variable use

s [mx=[E'Fly=GFTFTF
« p(x) S C(1)
« ply) £ C(3)

Results of function application

[nz=[EF[Iny=[FFF

Only one functon applicaton

— but we don't know what function will be applied
If function might be fn & == [E]*

- {fnz=>[x]"} EC(2)=C{4) Sp(x)

- imz=[x]'} S CiE)= 1) =C(3)

If function might be fn y = [yF

- {fny==[] } EC(2)=Ci4) S p(y)

- {fny==p1} ECA=CHNESC3I

L

L

Least solution

* [nz=EI'F[Mmy=FFFF
« ) ={my==0GTF}

- CQ={fx=[x]'}

- C3={}

* Cl)={Iy=[QF}

* CO)={Iny==[F}

* pE)={Iy==[yF}

- Py ={}

Abstract Interpretation

* A trace 1s a senes of (label, vanable) pairs
indicating the sequence of assignments

* A collecing semantics records the set of
traces tr that can reach a given program
polnt

* RDitr)(x) = [ 1ff the nghtmost pair (z, ') 1n
trhas /=T




