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Exercise 1
Consider the following program:

Input: z,n. Output: (z+ 1) xn.

[result := 0];
while [n > 0] do
if [n > 1]® then
[z =z + 1%
[result := result + z]°;
[n:=n—1]5
else
[z :=2z+1]7;
[result := result + (v << 1)]%;
[n:=n—2)%
fi;
od;

1. Perform an Awailable Expressions analysis for this program (cf. Nielson&Nielson,
chap. 2.1.1.), i.e. define the gen and kill sets and the data flow equations, and
find a least solution.

Solution

AExp, = {z+ 1,result + x,n — 1,z << 1,result + (r << 1),n — 2}

l killag(l) genag (1)
1 {result + x,result + (r << 1)} 0
2 0 0
3 0 0
4 | {result + z,x < L,result + (x < 1)} | {z+1}
5 {result + x,result + (r < 1)} 0
6 {n—1,n—-2} 0
7| {result + z,x << 1,result + (x < 1)} | {z+ 1}
8 {result + z,result + (x << 1)} {r <1}
9 {n—1,n—-2} )
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Data flow equations:

AEentry(1) =10
AEentry(2) = AFezit(1) N AEerit(9) N AE eyt (6)
AEcniry(3) = AEczit(2)
AEentry(4) = ABeqit(3)
AEentry(5) = AEeqit(4)
AEentry(6) = AEeqit(5)
AFEcrtry(7) = AEczit(3)
AEentry(8) = ALeqit(7)
AEcntry(9) = AFczit(8)
AEcrit(1) = AEepiry(1)\Kkillap(1)
AFEcit(2) = AEeniry(2)
AE2it(3) = AEentry(3)
AFE i1 (4) = (AEent,,y(ZL)\kill AE(4)) U genap(4)
AEeit(5) = AEentry(5)\Kill ap(5
AEeyit(6) = AEentry(6)\kill A (6
AEe0it(7) = (ABeptry(7)\kill 4 (7)) U genap(7)
AEcrit(8) = (AEeptry(8)\kill 4 (8)) U genagp(8)
1(9) =

Solution for the data flow equations:

AB ety (9)\Kill 4(9)

l AEentry(l) AEezit(l)

1 0 0

2 0 0

3 0 0

4 0 {z+1}

5 {z+1} {z+1}

6 {z+1} {z+1}

7 0 {z+1}

8 {z+1} {z+ 1,z < 1}
9| {z+Lzax1} | {z+1,z K1}

2. In a similar way, perform a Very Busy Ezpression analysis (cf. Nielson&Nielson,

chap. 2.1.3.).

Solution
l k‘illv3(l> genyp (l)
1 {result + x,result + (r << 1)} 0
2 0 0
3 0 0
4 | {result + z,z << 1,result + (x << 1)} {z+1}
5 {result + x,result + (r < 1)} {result + z}
6 {n—1,n—-2} {n—1}
7| {result+ z,x << 1,result + (x << 1)} {z+1}
8 {result + x,result + (x << 1)} {result + (z < 1),z < 1}
9 {n—1,n—-2} {n —2}



Data flow equations:

l VBentry (l) VBem't(l)

1 V Bezit(1)\killy (1) V Bentry(2)

2 V Bezit(2) 0

3 VBem't (3) VBentry (4) N VBentry(7)

4 | (VBegit(4)\killyp(4)) U geny p(4) V Bentry(5)

5 | (V Begit(5)\killy g(5)) U geny p(5) V Bentry(6)

6 (VBemt(G)\killVB(G)) U genVB(G) VBentry(Q)

7 | (VBegit(7T)\Killy (7)) U geny p(7) V Bentry(8)

8 (VBemt<8)\killVB(8)) U genVB(S) VBentry(g)

9 (VBemt(g)\k"L'llVB(g)) U genVB(Q) VBentry(Q)
Solution to the data flow equations:

l VBentry(l) VBem't(l)

1 0 0

2 0 0

3 {z+1} {z+1}

4 {n—1,z+1} {n —1,result + x}

5 {result + z,n — 1} {n—1}

6 {n—-1} 0

7 {n—2,2+1} {n—2,2 << 1,result + (x < 1)}

8| {n—2z<<result+ (x < 1)} {n -2}

9 {n —2} 0

3. Transform the program such that it avoids unnecessary re-calculations of expres-
sions.

Solution
The expression z 4 1 is very busy with respect to label 3.

[result := 0]';
while [n > 0]
[t ==z + 1]meul;
if [n > 1]3 then
[z := t]%;
[result := result + z]°;
[n:=n—1];°
else
[z :=t];
[result := result + (z > 1)]%;
[n:=n—2]%
fi;
od;
Assuming that the loop will get executed at least once (this is not the result of
the analyses, but simply a heuristics!), z + 1 could be hoisted out of the loop:



[result := 0]';
[t = 2 + 1]meu?;
while [n > 0]% do

[t = 252]neul;
if [n > 13 then
[z =]

[result := result + z]°;
[n :=n — 1]

else
[z :=1]";
[result := result + (x >> 1)]8;
[n:=n—2]%

fi;

od;

Finally, ¢t and z can be eliminated by value propagation.

[result := 0]!;
[to := z + 1]"eu;
while [n > 0]% do
if [n > 1]? then
[result := result + t3]°;
[n:=n—1];°
else
[result := result + (to > 1)]%;
[n:=n—2]%
fi;
od;
Similarly, we could hoist (t2 >> 1) out of the loop.



