
What are the 

possible values of 

x in its two uses?

How can we 

improve a 

program if we 

have this info?
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How many 

definitions and 

uses are here?

Def-Use Chains



Reaching Definition

• Reach(n) definition (how large can a set be?)

• Local information

• Data flow equation

• Initialization

• Convergence
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Dead Code Elimination



w: a <- a +1
x:  c <- a * b
y:  c <- b + d
z:  print(c)

Which statements are 

useless (dead)?

What are the def-use 

chain?

Can we infer the dead 

code automatically?

What is the cost of the 

algorithm?

Static Single Assignment (SSA)

• Size of a def-use graph

• SSA

• each static definition defines a 
new name

• each use has a single static 
definition

• Meet operation

• x <- !(y, z)
• Naive SSA insertion

• Algorithm?
• How many! functions are 

unnecessary?
• What is the earliest point of each 

meet?
37
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Minimal SSA

38
;r 

fiir 'r ,r 0t stuJuluSrsse.\\Ju sapnlJur apoJ ar0 Jo r.uJoJ vss aqI

MoH elec olut Moll lotluof Surporu3 :y55 g'6 tunDtl

Iuroc vss uI x qrlM

9x - rrl-+ s

(sx.Ix)@ _r ex

lueruBBJC epo] [BurBuO

byex-+z

(tx.tx)@ _+ sx

(0y.zy)p > ty

q + P-+ IX

I - LT-+ox

gg? rrrroc luaruuSrssy-a18ur5 slluls !.6

z - A+ x

( q + P,..-)

;r 
fiir 'r ,r 0t stuJuluSrsse.\\Ju sapnlJur apoJ ar0 Jo r.uJoJ vss aqI

MoH elec olut Moll lotluof Surporu3 :y55 g'6 tunDtl

Iuroc vss uI x qrlM

9x - rrl-+ s

(sx.Ix)@ _r ex

lueruBBJC epo] [BurBuO

byex-+z

(tx.tx)@ _+ sx

(0y.zy)p > ty

q + P-+ IX

I - LT-+ox

gg? rrrroc luaruuSrssy-a18ur5 slluls !.6

z - A+ x

( q + P,..-)

SSA Algorithm
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• Dominance frontiers

• DF(n) definition

• Dominators

• Dom(n) definition
• Data flow equation
• Initialization
• Convergence

• Dom to DF

• backward alg. [EAC, Fig. 9.10]
• forward alg., linear time [AK, 

Fig. 4.9]
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SSA Algorithm

1. CFG

2. compute Dom

3. compute DF

4. insert phi

5. rename

6. reaching def

7. “destruct” SSA
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Example 1

• IDOM    DF  phi  renaming  reach  destruction
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a = 1 a = 2

b = a

A: B:

C:



Example 2

• IDOM    DF  phi  renaming  reach  destruction
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a = 1

a = a + 1
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This problem arose from tl
copy tbtdings manipulation 

"i::":b]11t-"" 

of:n un-sgli.t critical edge and

l":,_cr: ", I 
. i by rordrr g i 1, J[1 il: ffi :il:,:;11 i;'"t;?"-.l i:li.* ",! l,i:ioop. I hts extended i r's lifetime. Then, the copy_insertion algorittrm replaced

the o-tunction at the toD or the loop fiy d;h;;;;;"";;-, in each or
that.blocks predecessori. This inserts the copy i, < 

-i, 
ai rhe bottom ofthe

block-ar a point  where i  1 is st i l l  l ive.

,_^11y"td 
the lost-copy problem, the compiler must detect when it tries to

rnsert a copywhose target is stilllive.when this happe.r., ii-r.i"opytt 
" 

uutrr"
to a temporary name and rewrte subseque* d; ;;i;;';;;tren name

TT3::."y]"-porary 
This rewriting step can be do.r" _iti_r'J ,tep moo"rr"a

:rl'ff.'"H"Jf$iTri'f|,:H;h: *ttom risht paner in rigure s.rz shows

The Swap problem

T^"_:i-" 
prop!rty.of o-functions that lets the insertion algorithm introduce

them in.any order gives rise to the swap problem. \A/hen u ut;"t 
"r,""rt"r, 

utt it,
p-tunctions are assumed to execute concurrently before any other starement
in the block. All the o_functions in.the uf."t i""J-ifl"ii'Jpirop.tate i.rprt
parameters at the same time. Then, they redefine thei. turg"t-iar"r, uf f ut tfru
same tlme.

Figure 9.lB shows a simnle example of the swap problem. The left side
shows the original code, a srrnnte.looi ,h;l ;;;;fr"i,;iiT o, 

^ 
u.,o ,. ,n"

center shows the code converied ,"'.r" i"i..' 'rrj';"'#;;;i" aggressive

I r- --r

r  ex 
I

" l  Iy er I
l l

I\_ __/

Original Code

Joe

I
x1 <- o(xo,y,  )

Y1 < o(ys,  xr  )

xo1 '

yo e. .

x l  +x0

Yl eyo

lr--l
xr< Yl  

I
y1 <-xr 

I
l l l

I \- __/

After Naive

Copy Insertion

ssA Form,

Copies Folded

FrcuRE 9.18 An Example of the Swap problem

!"#$%"&'()*+,(&- !./-./00$

!

!"#$%" 1 2(*3&456(7&859:;*(<7&/00!#"=&><?&4@99@3@7&/00$ !

!"#$%"

22A

456B,<C3*&1 2(*3&456(7&859:;*(<7&/00!#"=

><?&4@99@3@7&/00$

!"#$%" 1 2(*3&456(7&859:;*(<7&/00!#"=&><?&4@99@3@7&/00$ /

D(E#F;(&)3@<7;&@,(&(G6(7;<H(
foo(int i, int j) {

…

switch (i) {

case 0: x=3;break;

case 1: x=1; break;

case 2: x=6; break;

case 3: x=7; break;

default: x = 11;

}

switch (j) {

case 0: y=x+7; break;

case 1: y=x+4; break; 

case 2: y=x-2; break;

case 3: y=x+1; break;

default: y=x+9;

}

…

!"#$%" 1 2(*3&456(7&859:;*(<7&/00!#"=&><?&4@99@3@7&/00$ -

D(E#F;(&)3@<7;&@,(&(G6(7;<H(
foo(int i, int j) {

…

switch (i) {

case 0: x=3;

case 1: x=1;

case 2: x=6;

case 3: x=7;

default: x = 11;

}

switch (j) {

case 0: y=x+7;

case 1: y=x+4; 

case 2: y=x-2;

case 3: y=x+1;

default: y=x+9;

}

…

I7&C(7(,@9=
J&:(E;
K&+;(;
! LMJKN&;6@)(&@7:&*<?(

A&;59+*<57&<;&*5&9<?<*&(@)3&
H@, *5&LJO&:(E&;<*(

!"#$%" 1 2(*3&456(7&859:;*(<7&/00!#"=&><?&4@99@3@7&/00$ %

D(E#F;(&)3@<7;&@,(&(G6(7;<H(
foo(int i, int j) {

…

switch (i) {

case 0: x=3; break;

case 1: x=1; break;

case 2: x=6;

case 3: x=7;

default: x = 11;

}

x1 is one of the above x’s

switch (j) {

case 0: y=x1+7;

case 1: y=x1+4; 

case 2: y=x1-2;

case 3: y=x1+1;

default: y=x1+9;

}

…

A&;59+*<57&<;&*5&9<?<*&(@)3&
H@, *5&LJO&:(E&;<*(

http://www.cs.cmu.edu/afs/cs/academic/class/15745-s07/www/lectures/lect3.pdf



!"#$%"&'()*+,(&- !./-./00$

!!

!"#$%" 1 2(*3&456(7&859:;*(<7&/00!#"=&><?&4@99@3@7&/00$ %!

44A
i1 ←←←← 1
j1 ←←←← 1
k1 ←←←← 0

j2 ←←←← ΦΦΦΦ(j4,j1)

k2 ←←←← ΦΦΦΦ(k4,k1)
k < 100?

j2 < 20? return j2

j3 ←←←← i1
k3 ←←←← k2+1

j5 ←←←← k2
k5 ←←←← k2+2

j4 ←←←← ΦΦΦΦ(j3,j5)

k4 ←←←← ΦΦΦΦ(k3,k5)

!

/

%

B
"

$

-

k2 ←←←← ΦΦΦΦ(k3,0)
k2 < 100?

k3 ←←←← k2+1 return 1

!"#$%" 1 2(*3&456(7&859:;*(<7&/00!#"=&><?&4@99@3@7&/00$ %/

C(@:&45:(&D9<?<7@*<57

W <- list of all defs

while !W.isEmpty {

Stmt S <- W.removeOne

if |S.users| != 0 then continue

if S.hasSideEffects() then continue

foreach def in S.definers {

def.users <- def.users - {S} 

if |def.uses| == 0 then

W <- W UNION {def} 

}

delete S

}

2<7)(&E(&@,(&+;<7F&22G=&
*3<;&<;&H+;*&@&9<;*&5I&@99&
J@,<@K9(&@;;<F7?(7*;L

!"#$%" 1 2(*3&456(7&859:;*(<7&/00!#"=&><?&4@99@3@7&/00$ %-

DM@?69(&C4D

B0 i<-1

j<-0

B1 i<-i*2

j<-j+1

j<10

B2 return j

B0 i0<-1

j0<-0

B1 j1 ←←←← ΦΦΦΦ(j0,j2)
i1 ←←←← ΦΦΦΦ(i0,i2)

i2<-i1*2

j2<-j1+1

j2<10?

B2 return j2

2*@7:@,:&C4D&9(@J(;&N5?K<(;O
!"#$%" 1 2(*3&456(7&859:;*(<7&/00!#"=&><?&4@99@3@7&/00$ %%

GFF,(;;<J(&C(@:&45:(&D9<?<7@*<57
G;;+?(&@&;*?*&<;&:(@:&+7*<9&6,5J(7&5*3(,E<;(L

init:

mark as live all stmts that have side-effects:

- I/O

- stores into memory

- returns

- calls a function that MIGHT have side-effects

As we mark S live, insert S.defs into W

while (|W| > 0) {

S <- W.removeOne()

if (S is live) continue;

mark S live, insert S.defs into W

}


