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El: Find all redundant, and partially redundant
expressions in this CFG, and optimize the code.

y < 42

X <y +
X ¢« y +

Z
Z

X ¢y + Z

X ¢y + Z

y <y t+z

+ o+
N =

T1
< N
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E2: Find the Loop

¢ Find edges whose heads (>)
l dominate tails (-), these edges
are back edges of loops.

¢ Given a back edge n—d:
¢ The node d is the loop header.

¢ The loop consists of n plus all
nodes that can reach n without
Bs going through d (all nodes
between” d and n)

loop(d,n)
loop = {d}; stack = &; insert(n);
B; while stack not empty do
l m = pop stack;
for all p € pred(m) do insert(p);
insert(m)

if m ¢ loop then
loop = loop U {m};
push m onto stack;
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E3: Write java-pseudo code for
finding dominators.

¢ A node N dominates M iff Nis on
every path from N, to M

¢ Every node dominates itself.

¢ \’s immediate dominator is its closest
dominator, IDom(N)

¢ Initially: DOM(n) =N, V n#n,
Dom(Ny) = {Ny}

DOM(M = {/\/} U (mpépreds(M DOM(P))
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E4: Write Java-pseudo code to
find loops in the CFG.

Find backedges whose heads dominate tails.

Given a back edge n—d: call loop(d,n)

loop(d,n)
loop = {d}; stack = J; insert(n);
while stack not empty do
m = pop stack;
for all p € pred(m) do insert(p);
insert(m)
if m ¢ loop then
loop = loop U {m};
push m onto stack;
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Solutions
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S1: Find all redundant, and partially redundant
expressions in this CFG.
Available expr, copy prop,

Redundant expr. & constant prop.
y « 42 y « 42 y o 42
ey S X« y + 7 X < 42 + z
X ¢y + Z

y <y t+z

y <y +z S

X ¢« y + 2 X ¢ X *+ z

i g =

%
e

+ 1
+ Z

+ +
N =

y y
X y

T7T
< N
+ +
N

X N
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Compute Dominators

¢ A node N dominates M iff N 'is on
every path from N, to M

¢ Every node dominates itself.

¢ \’s immediate dominator is its closest
dominator, IDom(N)

¢ Initially: DOM(n) =N, V n#n,
Dom(Ny) = {Ny}

DOM(M = {/\/} U (mpépreds(/w DOM(P))
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Compute Dominators

|
B/ \B
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Initial

DOM(n)

1Bo)

1By, By, By, By, By, B, By, By)
1By, By, By, By, By, B, By, By)
1By, By, By, By, By, B, By, By)
1By, By, By, By, By, B, By, By)
1By, By, By, By, By, B, By, By)
1By, By, By, By, By, B, By, By)
1By, By, By, By, By, Bs, By, By)

Preds(n)

U

1By}
1B}
1By, Be)
1Bs}
1Bs}
By, Bs)
(By, Be)
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DOM( ) o {Bl}u (mpépreds(l’a’) DOM(P))

=B} v ({Bo})
= {B,, By}
n DOM(n) Preds(n)
By {By} {
B {BOI Bl} {BO}

1
BZ {BO/ Bl/ B2’ BS/ B4’ BS' B6/ B7} {Bl}
BB {BO/ Bl/ B2’ BS/ B4’ BS' B6/ B7} {Bll B6}
B4 {BO/ Bl/ B2’ BS/ B4’ BS' B6/ B7} {B3}
BS {BO/ Bl/ B2’ BS/ B4’ BS' B6/ B7} {B3}
B6 {BO/ Bl/ B2/ B3' B4' B5' B6' B7} {B4/ BS}
B7 {BO/ Bl/ B2/ B3' B4' B5' B6' B7} {le B6}
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DoM(n) = {njU (Npe pregsey POM(P))

DOM(n)

{Bo}

{By B1}

{By, By, By, B;, By, Bs, B, B}
{By, By, By, B;, By, Bs, Bg, B}
{By, By, By, B;, By, Bs, Bg, B}
{By, By, By, Bs, By, Bs, Bg, B}
{By, By, By, Bs, By, Bs, B, B}
{By, By, By, Bs, By, Bs, B, B}

Preds(n)

U

1By}
1By)
1By, Be)
1Bs}
1Bs}
By, Bs)
1By, Be)
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DoM(n) = {njU (Npe pregsey POM(P))

DOM(n)

{Bo}

{By, B4}

{Bo, By, By}

{By, By, By, B;, By, Bs, Bg, B}
{By, By, By, B;, By, Bs, Bg, B}
{By, By, By, B;, By, Bs, Bg, B}
{By, By, By, Bs, By, Bs, B, B}
{By, By, By, Bs, By, Bs, Bg, B}

Preds(n)

U

{Bo}
(B}
1By, Be)
1Bs}
1Bs}
By, Bs)
1By, Be)
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DoMm(B;) = {B,}u(Dom(B;)nDom(B))
={B }U({Bo/ BN {Bo/ B,, B, Bs, B, Bs, By, By})

= {BOI B, B3}

DOM(n)

{Bo}

{By B1}

{By, By, By}

{Bo, By, By, Bs, By, Bs, B, B}
{By, By, By, B;, By, Bs, Bg, B}
{By, By, By, B;, By, Bs, Bg, B}
{By, By, By, B;, By, Bs, By, B
{By, By, By, Bs, By, Bs, Bg, B}

Preds(n)

U

1By}
1By}
1By, Be)
1Bs}
1Bs}
By, Bs)
(By, Be)
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DoM(n) = {njU (Mpe predsiy DOM(P))

DOM(n)

1Bo)

1Bo, By}

1By, By, Byj
1Bo, By, B}
1By, By, By, Byj
1By, By, By, Bs)
1By, By, By, Bg)
1By, By, By}

Preds(n)

U

1Bo}
1By}
1By, Be)
(Bs}
(Bs}
By, Bs)
{By, Be}
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Find the Loop

¢ Find edges whose heads (>) dominate tails (-),

these edges are back edges of loops.

gdggs n DOM(n)
B, 0-> ”1 B {B }
B.->B 0 0
l 1 ~ 2 B {B }
B.->B 1 0r ~1
1™ 3 B, {B, B, B,)
B2-> 37 O/~ 17 =2
B/ \B B3->~34 5 {BO/ 31/ B3}
; 3 3, {B,, B, B, B,)
5 {BO' 31/ B3/ BS}

7

PR B,>B, . .

) B,->B >

\ 36/ B4->B6 Bg 1By By, By, By}
-/ >R B; {By By, By}
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Find the back edges

¢ Find edges whose heads (>) dominate tails (-),
these edges are back edges of loops.

gdggs n DOM(n)
= e By  {Bo}
l B,->B, B, (B, B,
Bl'>~33 * 1 0r ~1
Bz'>~37 32 {BO/ 31/ BZ}
/ \ B.->B 33 {BO/ 31/ BB}
2 % 37T A B, {B, B, B. B,
/\ B.->B P4 07 P17 P37 P4
37" D5
By B.->B 35 {By, By, By, Bs)
N\ B/ B4 >B6 Bs {By By, Bj, Bgj
\ 5~ D6
7/ B6->B3 B7 {BOI Bl’ B7}
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Find the Loop

loop(d,n)
loop = {d}; stack = &; insert(n);
while stack not empty do
m = pop stack;
for all p € pred(m) do insert(p);
insert(q)
if q ¢ loop then
loop =loop U {q};
push q onto stack;
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n=B,, d = B;

loop = {B;, B¢} stack = {B}
Pred
20 {}re () while stack !=
B, (B, m = pop stack;
B, (B, for all p € pred(m) do
B, (B, B | insert(p);
B, (B, ms.ert(q)
B, (B, if q ¢ loop then
B, (B, B.) loop = loop U {q};
B, (B, B push q onto stack;
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n=B,, d = B;

loop = {B;, B} stack = {B}
Pred
20 {}re () while stack != &
B, (B, m = pop stack;
B, (B, for. all p € pred(m) do
B, (B,BJ e
By By} ms’ir (q)l th
B5 {B3} 1T g & OoO0p then
B, (B, B.) loop = loop U {q};
B, (B, B push q onto stack;
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n=B,, d = B;

loop = {B;, B} stack = {}
Pred
20 {}re () while stack != &
B, (B, m = pop stack;
B, (B, for. all p € pred(m) do
B, (B,BJ e
By 155 ms’ir (q)l th
B5 {B3} 1T g & OoO0p then
B, (B, B.) loop = loop U {q};
B, (B, B push q onto stack;
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loop = {B;, Bgj stack = {}
Pred
"rslo {}re ) while stack !=
B, {By} m = pop stack;
B, (B, for all p € pred(m) do
by By Bl inser;?sirt(p);
B, {Bs} - q | "
B5 {B3} 1 q & OO0p then
B, {B4, B5} IOOI;= IOO,F Ut{qi(;.
By {B2/ B6} push q onto stack;
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n=B,, d = B;
loop = {B;, B,, B¢} stack = {B,}

20 {I}) reds(n) while stack != &

B, (B, m = pop stack;

B, (B for all p € pred(m) do
.32 {Bl Bl insert(p);

B3 {Bli ° insert(q)

B4 {B3} if q ¢ loop then

B: {Bi B.) loop = loop U {q};
B, (B, B push q onto stack;
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n=B,, d = B;
loop = {B;, B,, B;, B,} stack ={B,, B}

20 {I}) reds(n) while stack != &

B, (B, m = pop stack;

B, (B for all p € pred(m) do
.32 {Bl Bl insert(p);

B3 {Bli ° insert(q)

B4 {B3} if q ¢ loop then

B: {Bi B.) loop = loop U {q};
B, (B, B push q onto stack;
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n=B,, d = B;
loop ={B;, B,, B;, B,} stack ={B,, B}

20 {I}) reds(n) while stack != &

B, (B, m = pop stack;

B, (B for all p € pred(m) do
.32 {Bl Bl insert(p);

B3 {Bli ° insert(q)

B4 {33} if q ¢ loop then

B: {le B.) loop = loop U {q};
B, (B, B push q onto stack;
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n=B,, d = B;
loop = {B;, B,, B5, B} stack = {B:}

20 {I}) reds(n) while stack != &

B, (B, m = pop stack;

B, (B for all p € pred(m) do
.32 {Bl Bl insert(p);

B3 {Bl'} ° insert(q)

B4 {B3} if q ¢ loop then

B: {le B.) loop = loop U {q};
B, (B, B push q onto stack;
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n=B,, d = B;
loop = {B;, B,, B5, B} stack = {B:}

20 {I}) reds(n) while stack != &

B, (B, m = pop stack;

B, (B for all p € pred(m) do
.32 {Bl Bl insert(p);

B3 {Bl'} ° insert(q)

B4 {BS} if q ¢ loop then

B: {le B.) loop = loop U {q};
B, (B, B push q onto stack;
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n=B,, d = B;
loop = {B,, B,, B;, B} stack ={}

20 {I}) reds(n) while stack != &

B, (B, m = pop stack;

B, (B for all p € pred(m) do
.32 {Bl Bl insert(p);

B3 {Bli ° insert(q)

B4 {B3} if q ¢ loop then

B: {Bi’, B.) loop = loop U {q};
B, (B, B push q onto stack;
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n=B,, d = B;
loop = {B,, B,, B;, B} stack ={}

20 {I}’reds(n) while stack !=

B, (B, m = pop stack;

B, (B for all p € pred(m) do
.32 {Bl Bl insert(p);

B3 {Bli ° insert(q)

B4 {33} if q ¢ loop then

B: {le B.) loop = loop U {q};
B, (B, B push q onto stack;
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