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Abstraction and Concretization

° 7 = (xo," - ,Xn—1) program variables

@ S: set of concrete program states
Example: ¥ = (x0,x1) S = {(4,5), (1,2),(~7,8)}

o P={Py,---,Pmn_1} finite set of predicates on program variables
Example P = {Py, P1, P>}, Po = false, P =x1 >0, P, = xp < x1

o A =27 abstract domain
@ Abstraction function ar: 25 — A

a(c) = {PiVV € c.Pi(V)}
o Concretization function v : A — 28

7(a) = {V] Apes P(V)}
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Abstraction

Example
o Let P={x>y,x=2}

@ What is the abstraction after executing the following piece of code?

{true}

val x: Int
val y: Int
x=y+1

°o Vx,y, X,y €L(X =y + 1) A (Y = y) = (X' > y') (valid)
o Vx,y, X',y € Z(X =y +1)AN(y =y) = (X =2) (not valid)
The abstraction is {(x > y)}
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Abstraction

Example
o Let P ={x<2}

@ What is the abstraction after executing the following piece of code?

fx=2}
if (x>2)x=x-1

o Vx,X.(x =2)A(x>2)A (X' =x—-1) = (¥ <2)
=Vx,x'. L= (x' <2) (valid)

@ The abstraction in this case :{(x < 2)}

@ The predicate L is usually included in P
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Abstract Reachability Tree

Abstract state (/,1))

I: location in control flow graph
1. predicate abstraction

Abstract reachability tree (ART) is a tree G = (V4, —, 1)

V4 is a set of abstract states

—C V4 x V4 is the transition relation
Let ¢ be the command between /; and /; in the CFG
((h,2), (1, 6)) €= if ¢ = sp™ (¥, €)

I € V4 is the initial abstract state

(i, 1) is leaf if there exists another node (/;, ¢) in the tree such that

FY—¢
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ART Example
Control Flow Graph

var x =0

vary =0
if( x > 0) {

X = -X

y=-y

} else {

! if(y>0)y=-y

assert(x + y <= 0)
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ART Example

P ={L,(x <=0),(x+y <=0),(x—y <=0)} |
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ART Example

P ={L,(x <=0),(x+y <=0),(x—y <=0)} |

@<OA(z+y<0)A(z—y <0
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ART Example

P ={L,(x <=0),(x+y <=0),(x—y <=0)} |

@<O0)A@+y<0)A(—y<OD
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ART Example

P ={L,(x <=0),(x+y <=0),(x—y <=0)} |

@E<OA@+y<0)A(@-y<OD

ly>0]

@E<O)A(z+y<0)A(z—y<0
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P ={L,(x <=0),(x+y <=0),(x—y <=0)} |

@E<OA@+y<0)A(@-y<OD

ly>0]

@E<O)A(z+y<0)A(z—y<0

y=-y
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ART Example

P ={L,(x <=0),(x+y <=0),(x—y <=0)} |

@E<O)A(z+y<0)A(z—y<0

y=-y

@E<OA(z+y<0)A(z—y <0

[Fl@+y<0
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ART Example

P ={L,(x <=0),(x+y <=0),(x—y <=0)} |

@E<O)A(z+y<0)A(z—y<0

y=-y

@E<OA(z+y<0)A(z—y <0

[@+y<0 [@+y<0)]

@<0)A(z+y<0)A(z—y<O0D
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ART Example

P ={L,(x <=0),(x+y <=0),(x—y <=0)} |

(@<0)A(@+y<0)A(z—y<0

>0 [~y>0)

@E<OA(z+y<0)A(z—y <0 (z<O)A(x+y<0)A(z—y < 0D
Already Explored
== ready Explore
@E<)A(z+y<0)A(z—y <0

[~z+y<0 [(z+y <0)]

G<OA@+y<OA(e—y<0D

y v
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