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"An important strength is that the theoretical result is
very general ... The result should be highly influential
on future work in sparse analysis. 7 (from PLDI reviews)



Sparse Analysis Framework



o2 72

(C, =)

o C: TE]HH Ilé(program point) = of &et

o —-C C x C: &S FEA| (control flow graph)

¢’ < ¢ (cis the next program point to c’)



cf) 8°F o3
(Abstract Interpretation)




0] 22121 =4

o R°Fo|0| =7 (abstract domaln) 2t =8 XA
olct ZEHLS5 AEIES m o7 Qof

[P] € C — fL:I:F

|

0> U

o 29°F &3l === (abstract semantic function)
E

. . oc ocd
. P e (C—)S)A—>(<CT>S) \/
F(X) = XeC.f( , X(d)) Cjc

A

fe € S — § :abstract semantics at point ¢






F(X)=XeC.fo(| | X()

<X N/ X

N<OTo

<

Y
X
1
X
+
—/

.

<€

)
~
1
T~<
|
\__/

|<-!:4|~<‘><‘ |cr|m|<. NRIX]| O] <IN[IX

\ 4 a
Z—X L
s
v vV

[ VvV = y j b
L —bz

v Y

ret ¥a+¥b) [©

<




|

o H|O|AZ}QI

) =AceC.fe(| | X().

(X

X ().

A

Ac € C. fo(

Fo(X)

|3



AL~ B4 (MF E7H5)

Fy(X) = Ae € C.fo( LI X ().
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Data Dependency

co«gcn £ Jeg...cp € Paths,lélﬂ.

l € D(co) NU(en) AVi € (0,n).1 & D(c;)
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Fy(X) = Ae € C.fo( LI X ().
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Data Dependency

co«fl»cn £ Jeg...cp € Paths,lélﬂ.

| € D(co) NU(cn) AVi € (0,n).1 & D(c;)
Def-Use Sets
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Realizable Data Dependency
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If the following two conditions hold
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Approx. Def
Approx. Use

:&y—)*Pz&Z—> y = X
{x} {a, b, x} {y}
¢ {P, 3, b} {x}
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X =&y |—>|*p = &z|—| y=x
{x} {a, b, x} {y}
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Program LOC | Non-sparse Sparse Spdt | Mem/|

Time | Mem | Time | Mem
gzip-1.2.4a TK | 772 | 240 3 63| 257x | T4%
be-1.06 13K | 1,270 | 276 7 75| 181x |  73%
less-382 23K | 9,561 | 1,113 33 | 127 | 289x| 86%
make-3.76.1 27K | 24,240 | 1,391 o1 | 114 | 1,154x | 92%
wget-1.9 35K | 44,002 | 2,546 | 11| 85| 4,008x | 97%
a2ps-4.14 64K | oo| N/A| 40| 353 N/A| NJ/A
sendmail-8.13.6 | 130K f oo | N/A N/A | N/A
nethack-3.3.0 211K § oo | N/A N/A | N/A
emacs-22.1 309K | oo | N/A N/A | N/A
python-2.5.1 435K § oo | N/A N/A| N/A
linux-3.0 710K oo | NJ/A N/A | N/A
gimp-2.6 059K § oo | N/A N/A | N/A
ghostscript-9.00 | 1,363K § oo | N/A | 14, N/A| N/A
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Program LOC | Non-sparse

Time | Mem
gzip-1.2.4a 7K 772 240
bc-1.06 13K | 1,270 276
less-382 23K | 9,561 | 1,113
make-3.76.1 27K | 24,240 | 1,391
wget-1.9 35K | 44,092 | 2,546
a2ps-4.14 64 K o | N/A
sendmail-8.13.6 130K o | N/A 744 678 N/A N/A
nethack-3.3.0 211 K oo | N/A | 16,373 | 5,298 N/A N/A
emacs-22.1 399 K o | N/A | 37,830 | 7,795 N/A N/A
python-2.5.1 435 K oo | N/A | 11,039 | 5,535 N/A N/A
linux-3.0 710K oo | N/A | 33,618 | 20,529 N/A N/A
gimp-2.6 959 K oo | N/A | 3874 | 3,602 N/A N/A
ghostscript-9.00 | 1,363 K oo | N/A | 14814 | 6,384 N/A N/A
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LOC

Non-sparse

Sparse

Time

Mem

Time

Mem

Spd?T

Mem|

gzip-1.2.44a
bc-1.06

tar-1.13
less-382
make-3.76.1
wget-1.9
screen-4.0.2
a2ps-4.14
sendmail-8.13.6

7K
I3K

0K [
23K |
27K |
35K |
15K §
64K |

130K |

2 078
9,030
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N/A
N/A
N/A
N/A
N/A
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098 x
173x

I N/A
P N/A
L N/A
| N/A
E N/A
| N/A

91 %
95 %
N/A
N/A
N/A
N/A
N/A
N/A
N/A

P N/A
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® sound, precise, unscalable
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® scalable, preserving soundness & precision

29



/

[sX

2k (trace partitioning), &

Thank you

30



