Synthesis, Analysis, and Verification

Abstract Interpretation Ideas for Lecture 8
(see also wiki)
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While Theorem: One Loop
Loop invariants become one invariant
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Abstract Interpretation

Way to infer properties of e.g. computations
Consider assignment: z = x+y
Interpreter:
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Adding and Multiplying Intervals

/ %e [a,, by ] \ xe [ax,b, ]
ye [a.,,\:\,] ey X [a,, b, ]
\ 2¢ .. / 2e[a,+0y , bxtb, ]
V] [a;.\a,,]
/Ké [av,by] \ \{2 L@y, by ]

\16 [a”‘\b\'] Z:X*\f 26€ r_ ax*dv ) bx"‘\)\'l a"la‘hb)',k'>o
B:{Clx-aw, a,‘.b,,\:,\a,' b,'b‘,}

\ZC- / 2 ¢ [\MN (BB\\de (B)}




Programs as Control-Flow Graphs
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* Suppose
— program state given only by the value of i
— initially, it is possible that i has any value

e Task: for each point, find set S of possible states
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Sets are Given by Equations

R(i — 0) = {(i,) | i’ = 0}

RGi—i+2) = {(i,i") | i —i+2) B
R(i =i+3) = {(4,¢") | i =i +3) Lo ety

R(ji < 10]) = {(i,&') | # =i Ad < 10} =8 Lh [..:.ma]
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S(a)={..,-2-1,0,1,2,...) ,+\ /H,;:_
S(h) = T[S( J,i=0)UT(S(g),skip) 50

S(c) = T(S(b),[~(i < 10)]) {2,5,8,11]
S(d)="T(S(b),[i < 10])

S(e) =T(5(d),[i > 1])

S(f) = T(S(d), [-(i > 1))

S(g)="T(S(e),i =i +3)UT(S(f),i=1+2)



Sets are Given by Equations

R(i = 0) = {(i,#) | i = 0}

R(i =i+42)={(i,i) | ' =i+ 2} 2002,

R(i —i+3) = {(i,#") | #' =i+ 3} Lo ety

R([i < 10)) = {(i,i") | # =ini< 10} =6 [ (1 Giay)

T (5,7 = 57 (S, )= 5.7
T+ (S’f() = $‘>'*’ (Sf‘.) 2 SP (5)?)
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S#(a) =T \

S#(b) = T#(S#(a),i = 0) LU T(S(g), skip)

§%(c) = T#(S%(b), [-(i < 10)])

S#(d) = T#(S#(b),[i < 10])

S#(e) = T#(S#(d), [i > 1])

SH#(f) = T#(S*(d), [-(i > 1)])

S#(g) = T#(S#(e),i =i+ 3) UT(S(f),i =i+ 2)
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