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Warm-up Quiz

What does this Python code print?

from goto import label, goto, comefraom

i=3
comefrom .repeat
i=1-1
print (1)
if 1 = 1:

goto .end
label .repeat
label .end
print ("End")

2,1, End

2,1,0

Something
else
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Warm-up Quiz

What does this Python code print?

from goto import label, goto, comefraom

i=3 There is no goto or
;_:-alleifrfml.repeat comefrom in Python!
P’;if_‘t (i)l (But it was announced on
1L 1 == .

goto .end April 1, 2004, as a joke.)
label .repeat
label .end
print ("End")

2,1, End 2,1,0 |S°meth'"9|
else .




Outline

= First example: Available expressions
= Basic principles

= More examples «——

= Solving data flow problems

= Inter-procedural analysis

= Sensitivities
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Deote Flow Gya—\%ws
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D ey (W) = BRDax (3)

EDuay (5) = RDuir (&)

BD ot (1) = (BB (D) NE(xAY, 1 5) I 3V ) v § (.M}
RD it (2) = (?sb th\!\)ll‘ \i.‘&)ﬂ-\. ")1"‘"1 (')I Z‘K) Y {('3‘ 2"3
RO oix (3) = kbh.*.) (3)

KD aat ("‘\ = (RD,_“L.)(H)\%(&'L\'(.)‘ l-f\' l\a‘Q)X\U %(D‘q‘s
RO (S) = \Kbmn,.j () \g (=1, (. 3), (x. ?)S\U i (x, S"\J




Solwhion. -

—

RD C““i) ("'-)

KD, (s)

Vv £ W NV

{("- z—‘ ‘ (), 7“3
{ (X;/‘) ' (3! Z)B
§ (x.1), (4,2), (48) (x

’; (x4, (5'?-)}

(x.") \ (3. l)}
E(x.") (g, 2), (y4), (*’-Y\}

by
{(x1) 1 (5.2), (5, 9), (xg (1) (0, ()

3 (%), (4 4), (-, ﬂ]

{ (4. u), (s, <)}



Very Busy Expression Analysis

Goal: For each program point, find
expressions that must be very busy

m "Very busy”: On all future paths, expression will
be used before any of the variables in it are
redefined

m Useful for program optimizations, e.g., hoisting

0 Hoisting an expression: Pre-compute it, e.g., before

entering a block, for later use
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Example

if (a > b) {
Xx=Db - a;
y=a-b;
} else {
y =b - 3;

X =a- b;

}
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Example

if (a > b) {
Xx=b-a
y =la—-Db

} else
y=b-a
Xx=la—-b

}

a — bandb - a
are very busy here
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Defining the Analysis

= Domain: All non-trivial expressions
occurring in the code

= Direction: Backward
= Meet operator: Intersection

0 Because we care about very busy expressions
that must be used
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Defining the Analysis (2)

Transfer function:
V Bentry(S) = (V Begit(s) \ kill(s)) U gen(S)
m Backward analysis: Returns expressions that are
very busy expressions at entry of statement
m Function gen(s)
0 All expressions e that appear in s
m Function kill(s)
0 If s assigns to x, all expressions in which x occurs

0 Otherwise: Empty set
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Defining the Analysis (3)

= Boundary condition: Final node starts
with no very busy expressions

1 V Begit(finalNode) = ()

= Initially, all nodes have no very busy
expressions

43



€
x
9\1.'-
V
¢
e
B
)
Ex
|t
“ws
| N’”"‘“}
3 )

\x
t’«)"w; ‘
g'l
~
-;_:-
“) r :
P4
3
{C\*’
x;“}
3
...L'S |
AV
ﬂ'(
7 5)
74
o
/8

Le
¥
4
S
|.|.
5 s
{f:&;b
&
..-Bb- «3
i N |
| ;b
. {
g L
3



Live Variables Analysis

Goal: For each statement, find variables
that are may be “live” at the exit from the
statement

m "Live”. The variable is used before being
redefined

m Useful, e.g., for identifying dead code

0 Bug detection: Dead assignments are typically

unintended

0 Optimization: Remove dead code 46



Example

X = 4

Y = 4,

X =4,

if (y > x) {
z =Yy

} else {
Z =y *Yy,

X = Z;
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Example

y = 4;

x=1;

if (y > x) {
z =Y,

} else {
zZ =y *y,
X = Z;

}

x IS not live
after this
statement
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Example

X = 2;

y = 4,
[x =1, |+ Both x and y are live

if (y > x) { after this statement

47 -



Defining the Analysis

= Domain: All variables occurring in the
code

= Direction: Backward
= Meet operator: Union

1 Because we care about whether a variable may
be used
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Defining the Analysis (2)

Transfer function:
LVentry(8) = (LVerit(s) \ kill(s)) U gen(S)
m Backward analysis: Returns set of variables that are
live at entry of statement

m Function gen(s)
o All variables v that are used in s

m Function kill(s)
0 If s assigns to x, then it kills x

0 Otherwise: Empty set
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Defining the Analysis (3)

= Boundary condition: Final node starts
with no live variables

0 LVeyit(finalNode) = ()
= Initially, all nodes have no live variables
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