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Reaching definitions



ENTRY

Blg1: i = m-1
d2: j =n
d3: a = ul

B2d4: 1 = i+1
ds: j = j-1

dé: a = u2 B3

B4 7. 1 = u3

EXIT

Dataflow Analysis

gen(B1)
kill(B1)

gen(B2)
kill(B2)

gen(B3)
kill(B3)

gen(B4)
kill(B4)

{d1, d2, d3}
{d4, d5, d6, d7}

{d4, d5}
{d1, d2, d7}

{d6}
{d3}

1d7}
{d1, d4}
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ENTRY

Blg1: i = m-1

d2: j =n

d3: a = ul

Dataflow equations (forward)

B244: 1 = i+1

ds: j = j-1

d6: a = u2B3
B4 47, 1 = u3
EXIT
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%)
Bl41. i = ;.1 |IN[B1] = OUT[ENTRY]
d2: j =n
d3: a = ul guT[B1] = {d1,d2,d3} U (IN[B1]-{d4,6d5,d6,d7})
%)
B244. i = i,q|IN[B2] = OUT[B1] U OUT[B4]
‘//j§= ] E%j'l(MIT[BZ] = {d4,d5} U (IN[B2]-{d1,d2,d7})
0 OUT[B3] = {d6} U (IN[B3]-{d3})
B4 7. {'_ 43 | IN[B4] = OUT[B2] U OUT[B3]
' Q% OUT[B4] = {d7} U (IN[B4]-{d1,d4})
EXIT
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%,
V@
Bl41. i = m-1|INI[B1] = OUT[ENTRY]
d2: j =n
d3: a = ul guT[B1] = {d1,d2,d3} U (IN[B1]-{d4,d5,d6,d7})
d1 d2 d3
1d1 d2 d3

B244. i = j+1 INIB2] = OUT[B1] U OUT[BA4]

d5: J = J-loyT[B2] = {d4,d5} U (IN[B2]-{d1,d2,d7})

d4 d5 d3
d4 d5 d3
fo: 8 = U2 R OUT(BS] = {d6} U (IN(B3]-{d3
o (B3] = {d6} U (IN[B3]-{d3})
}d3 d4 d5 d6
B4 5 _ 5 INIBA] = OUT[B2] U OUT[B3]
' 0UT[BA] = {d7} U (IN[B4]-{d1,d4})
d7 d3 d5 db
EXTT
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%,
V@
Bl41. i = m-1|INI[B1] = OUT[ENTRY]
d2: j =n
d3: a = ul guT[B1] = {d1,d2,d3} U (IN[B1]-{d4,d5,d6,d7})
d1 d2 d3

ld1 d2 d3 d5 d6 d7
B244. i = i+1 IN[B2] = OUT[B1] U OUT[B4]

d5: J = J-loyT[B2] = {d4,d5} U (IN[B2]-{d1,d2,d7})

d4 d5 d3d6
d4 d5 d3d6
fo: 8 = U2 R OUT(BS] = {d6} U (IN(B3]-{d3
o (B3] = {d6} U (IN[B3]-{d3})
}d3 d4 d5 d6
B4 5 _ 5 INIBA] = OUT[B2] U OUT[B3]
' 0UT[BA] = {d7} U (IN[B4]-{d1,d4})
d7 d3 d5 db
EXTT
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Live variables



ENTRY
B]a =1 use(B1l)
‘b = 2 def(B1)
B2 c = atb use(B2)
d = c-a def (B2)
B3 ‘/// use(B3)
=3 d = b+d\ def (B3)
B d = a+b 85 b = a+b use(B5)
e = e+l e = Cc-a def (B5)
use(B4) = {a,b,e}
def(B4) = {d}
B6 a = b*d use(B6)
b = a-d def (B6)
EXIT
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{a,b}

{a,b}
{c,d}

{b,d}

{a,b,c}
{e}

{b,d}
{a}



ENTRY

“Dataflow equations (backwarc

a =1

Blp = 2

c = atb

I32d = C-a
- /

S2d = bd

B44 = a+b b = a+b
B5

e = e+l e = C-a

a = b*d

BGp = a-d

EXIT

Dataflow Analysis
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ENTRY
W
g1d = 1 IN[B1] = U (OUT[B1l]-{a,b})
b = 2 OUT[B1] = IN[B2]
W
ay C = a+b _ IN[B2] = {a,b} U (OUT[B2]-{c,d})
d = c-a| DPUT[B2] = IN[B3] U IN[B5]
2, /// IN _
B [B3] = {b,d} U OUT[B3]
=% d = be+d OUT[B3] = IN[B4] U IN[B5]
\ 4 @ \ V@
B4 4 = a+b b =a+ [INIBS] = {a,b,c} U (OUT[BS5]-{e})
e = e+1 B2 e = c-a OUT[B5] = IN[B2] U IN[B6]
'N[B4] = {a,b,e} U (OUT[B4]-{d})
UT[B4] = IN[B3] \o
g @ = b*d  IN[B6] = {b,d} U (OUT[B6]-{a})
b =a-d OUT[B6] = IN[EXIT]
VV@
EXIT
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g1d = 1 IN[B1] = U (OUT[Bl]-{a,b})
b = 2 OUT[B1] = IN[B2]
ab
vab
gy C = a+b _ IN[B2] = {a,b} U (OUT[B2]-{c,d})
d = c-a| PUT[B2] = IN[B3] U IN[B5]
a blcd
gy abcd “/// IN[B3] = {b,d} U OUT[B3]
=2 d = bid OUT[B3] = IN[B4] U IN[B5]
a blcd
a bic e @bcd
BA4 = a+b g b = atb_ [IN[B5] = {a,b,c} U (OUT[B5]-{e})
e = e+l e = c-a| OUT[B5] = IN[B2] U IN[B6]
abcd b d
N[B4] = {a,b,e} U (OUT[B4]-{d})
UT[B4] = IN[B3] Ibd
g @ = bxd  IN[B6] = {b,d} U (OUT[B6]-{a})
b =a-d  OUT[B6] = IN[EXIT]
VJ
EXIT
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ENTRY

vy €
g1d = 1 IN[B1] = U (OUT[Bl]-{a,b})
b =2 OUT[B1] = IN[B2]
a be
va be
ay C = a+b _ IN[B2] = {a,b} U (OUT[B2]-{c,d})
d = c-a| PUT[B2] = IN[B3] U IN[B5]
a b|lc ke
33 2 b‘3CE“/// IN[B3] = {b,d} U OUT[B3]
=2 d = bid OUT[B3] = IN[B4] U IN[B5]
a blc
a bic e @bcd
BA4 = a+b g b = atb_ [IN[B5] = {a,b,c} U (OUT[B5]-{e})
e = e+l e = c-a| OUT[B5] = IN[B2] U IN[B6]
abcad abde
N[B4] = {a,b,e} U (OUT[B4]-{d})
UT[B4] = IN[B3] \bd
g @ = b*d  IN[B6] = {b,d} U (OUT[B6]-{a})
b =a-d  OUT[B6] = IN[EXIT]
VJ
EXIT
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Available expressions



1|a+b ENTRY
2(c-a !
3| b+d B a =1 e gen(Bl) =
4| e+1 b =2 e kill(B1) = {1,2,3,5,6}
5| b*d v
c = a+b e gen(B2) = {1,2}
6]a-d B24 = c-a’ e kill(B2) = {3.5,6}
B3 ‘/// e gen(B3) =
¥ d = b+d\ e kill(B3) = {3,5,6}
%d = a+b . b =a+b e gen(B5) = {2}
e = e+1 e = C-3a e kill(B5) = {1,3,4,5}
e gen(B4) = {1}
e kill(B4) = {3,4,5,6}
Bg 2 = b*d e gen(B6) = {6}
b = a-d e kill(B6) = {1,2,3,5}
EXIT
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ENTRY

o
«

a =1
Blp = 2
= b -
824 - ¢.a Dataflow equations (forward)

B44 = a+b b = a+b
B5
e = e+l e = C-a
a = b*d
B6 = a-d
EXIT
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1| a+b ENTRY
2(c-a "@
3| b+d g1@ = 1 IN[B1] = OUT[ENTRY]
el b= 2 OUT[B1] = U (IN[B1]-{1,2,3,5,6})
123456
5| b*d v
63 d gy C = a+b _ IN[B2] = OUT[B1] OUT[B5]
d = c-a|  DPUT[B2] = {1,2} U (IN[B2]-{3,5,6})
/// 123456
B3 , IN[B3] = OUT[B2] OUT[B4]
=% d = bed OUT[B3] = U (IN[B3]-{3,5,6})
123456 \\\\
B4 4 = a+b b = a+b N[B5] = OUT[B2] OUT[B3]
= gg P =a+b__I
e = e+1 e = c-a OuT[B5] = {2} U (IN[B5]-4{1,3,4,5})
NIB4] <= oUT[B3] 123456 123456
UT[B4] = {1} U (IN[B4]-{3,4,5,6})
gg @ = b*d  IN[B6] = OUT[B5]
b =a-d OUT[B6] = {6} U (IN[B6]-{1,2,3,5})
123456
EXIT
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1| a+b ENTRY
2| Cc-a %
3| b+d g1d = 1 IN[B1]
4 e+l ‘b =2 OUT[B1]
3456
5| b*d /
C = a+b IN[B2]
6|a-d B24 = c-a ™ puUTIB2]
/ 123456
33 12, IN[B3]
—%d = b+d OUT[B3]
123458 \\
12" Vlz
B44 = a+b gg b = a+tb_ N[B5]
e = e+l e = c-a OUT[B5]
N[B4] = OUT[B3] 122256 123456
)UT[B4] = {1} U (IN[B4]-{3,4,5,6}) 5
B6 a = b*d IN[B6]
b = a-d ouUT[B6]
183456
EXIT

Dataflow Analysis
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OUT[ENTRY]
u (IN[B1]-{1,2,3,5,6})

OUT[B1] OUT[B5]

OUT[B2] OUT[B4]

U (IN[B3]-{3,5,6})

OuUT[B2] OUTI[B3]

OUT[B5]

18



ENTRY

o
«

a =1
Blp = 2
c = atb
B2 d = c-a
‘{a+b,c-a}\/
B34 = b+d
{a+b} c-a} \fa+h, c-a}
B _ _
d = a+b B5 b = a+b
e = e+l e = c-a
Ac-a}
a = b*d
BG = a-d
EXIT
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