17-363/17-663: Programming Language Pragmatics, In-Class Exercises November 15, 2022
Andrew ID:

1. [Available Expressions]. Perform available expressions dataflow analysis to this program:

Answer: start:
vl = a*2
Outstarr={a*2, b-1} v2 =b-1

if vl <v2 goto else

Outthenz{ a*2, b-]., a*2+3}
a := v2 kills a*2 since it is an assignment to then: /\

[ ]

a variable (namely a) used in the computation of  |a :=v2 else:

a*2 vl :=a*2 b:=vl
e vl := a * 2gensa*2 v4 =vI+3 v4 = v1+3
e v4 := vl + 3gensa*2+3 goto endif

. Il’lthenzoutstartz{a*z, b-]_}
. Killthen={ a*2 }

o Geneen={a*2,a*2+3 } endif:
vl :=a*2
Outelsez{ a*2,a*2+3 } v7 :=vl+3
return v7
e b := vl kills b-1 since it is an assignment to a variable (namely b) used in the
computation of b-1
e v4 := vl + 3gensa*2+3

. Il’lelsezoutstartz{a*z, b= 1}
. Killelsez{b- 1}
e Genese={a*2+3}

For the final endif block, we have Inendir= Outthen N Outeise={a*2, a*2+3}. Since both a*2 and
a*2+3 = v1+3 are available entering the block, we do not need to recompute them. Hence, as an
optimization, we can eliminate both instructions in enqgit before the return and return v4 instead
(we record where each available expression is — in v4 in this case).

// "start", "then", and "else" are the same
endif:
return v4



2. [Live Variables]. Perform live variable analysis on this program, and eliminate dead code:

Answer: Work backwards--read each block from the
bottom up, and process the blocks from the return back start:

to the start of the procedure: vl =a*2
v2 =b-1

Outendgir = { v7 } if vl <v2 goto else

Inendif = Genendir U ( Outendir \ Killendif) A
={a}u({v7}\{v7,v6}) then:

={a} a=v2 else:
v3 =a*2 b:=vl
Outthen = Inendir={ a } v =v14+3 v5 =v1+3
Inthen = Genthen U ( Outthen \ Killthen) gOtO endif
={vl,v2Yu({a}\{av3, v4}) \/
={vl,v2}
endif:
Outeise = Inendir={a } v6 = a*2
Ineise = Geneise ( Outeise \ Killelse) V7 :=v6+3
={vi}u({a}\{bv5}) return v7
={a,vl}

Outstart = Inthen U Ineise = { 4, V1, V2 }
Instart = Genstare U ( Outstart\ Killstart)

={a,b}u({avlv2}\{vlv2})
={a b}

Based on this live variable information, we can remove the statements:

e v4:=v1+3
e v3:=a*2
e v5:=v1+3

e b:=vl (note:ifbisa variable visible outside the procedure, we can’t eliminate it)



