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Abstract Unification:

[X=tfv = ¢A(XeoXiAn. . AX)
if  Vars(t) ={X,,..., X, }.

Abstract Literal: J/ Q(

[a(s1,..., sl = combined, (4, [q] (enterl, %))

0
RSy

analogous to procedure call !!

884

Remarks:

e Not all positive functions are monotonic !!!
e  For [ variables, there are 2¢ ~' + | many functions.
e The height of the complete lattice is 2".

e  We construct an interprocedural analysis which for every predicate p
determines a (monotonic) transformation

[¢]* : Pos — Pos

e Forevery clause, p(Xy,..., Xe) <= g1, -, gn We obtain the
constraint:

Pl 3 3Xes, . X [l G ([ ]F) .. )

m number of clause variables
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Thereby:

entert = ren(dX,..., Xo [X1 =51, Xi = sp]f4))

81, Sk

combinef, _ (¢,¢n) = FXp,.. . X A Xy =s1,..., X = s (renvn)

fen o 7 — X

TEN @




Example:

app(X,Y,Z) « X=[],Y=27
app(X, Y, Z)

Then
[appl{(X) T X A(Y  2)
[appld(X) O let v =XAHAX A(Z & Z')

in 3H, X', Z'. combine® (¢, [app]*(enter’ (1))
wherefor v =XAHANX'A(Z & Z'):

enter? (1) = X

combine! (Y, X A(Y & Z)) = (XAHAX'A(Z e ZVAY & Z')
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Example (Cont.):

Furthermore,
[app]*(Z) 3 XAY AZ
lappl(Z) 3 letv=HAZAZ A (X & X')

in 3H, X', Z'. combine! (1, [app]*(enter® (1))

where for w=ZAHANZ' AN (X < X'):

enter® (1)) = Z
combine! (), X AYAZ) = XAHANX AYANZAZ

Fixpoint iteration therefore yields:

[appl (X) = XA (Y & 2) lappl (Z) = XAY AZ
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Example (Cont.):

Furthermore,
lappl?(Z) 3 XAY AZ
[app]*(Z) 3O letv =HANZANZ N (X < X')
in 3H, X', Z'. combine! (1, [app]*(enter® (1))
where for v=ZANHAZ N (X < X'):
enter® (1) = 7

combine! (), XAY AZ) = XAHAX'AYANZANZ

Fixpoint iteration therefore yields:

[eppF (X) = XA (Y < 2Z)  [app](Z) = XAY AZ
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Example (Cont.):

Furthermore,
lappl (Z2) 3 XAY AZ
lapp]*(Z) 3 letip =HAZNZ A (X < X')

in 3H, X', Z'. combinet (1, [app]*(enter® (¢)))

where for v=ZAHANZ' N (X & X'):

enter® (1)) - 7
combine! (), XAYAZ) = XANHAX' AYANZANZ

Fixpoint iteration therefore yields:

[app]* (X) = X A (Y & Z) lappl* (Z) = XAY A Z

BRT




Example:

app(X,Y,Z) « X=[],Y=2
app(X,Y,Z) « X =[H|X], Z=[H|Z), app(X",Y, Z')

Then
ppl*(X) 2 XA (Y « 2)
[applH(X) T lety =X AHAX A(Z <+ Z")

in 3H, X', Z'. combine! (¢, [app]*(enter® (¥)))
wherefor v =XAHANX'A(Z & Z'):

enter? (1) = X
combine! (0, X A(Y < Z)) = (XAHAXA(ZSZ)ANY < 2
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Example:

app(X,Y,Z) «+ X=[l,Y=2Z
app(X, Y, Z) + X =[H|X'], Z=[H|Z, app(X",Y, Z")

Then
[appl*(X) 2 XA (Y « 2)
[app]*(X) 2 letp =X AHAX' A(Z < Z')

in 3H, X', Z". combine® (1, [app]*(enter” (1))
where for v =XANHANX'AN(Z & Z'):
entert (1) = X

combinef (), XA (Y 2 Z)) = (XAHAX'A(Z & Z)VA(Y © 2
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Example (Cont.):

Furthermore,

lappl?(Z) 3 XAY AZ
[app]*(Z) 3O letv =HANZANZ N (X < X')
in 3H, X', Z'. combine! (1, [app]*(enter® (1))

where for v=ZANHAZ N (X < X'):

enter® (1) = 7
combine® (Y, XAY ANZ) = XAHANX'AYNZANZ

Fixpoint iteration therefore yields:

[epp]F (X) = X A (Y « 2) [app]* (Z) = X AY A Z
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Example (Cont.):

Furthermore,
lappl (Z2) 3 XAY AZ
lapp]*(Z) 3 letip =HAZNZ A (X < X')

in 3H, X' 7" c::oml)ine?_ (4, [app]*(enter* (2/)))

where for v=ZAHANZ' N (X & X'):

enter® (1)) = 7
combine! (W, XAYANZ) = XANHAX'AYAZANZD

Fixpoint iteration therefore yields:

[app]* (X) = X A (Y & Z) [app]* (Z) = X AY A Z

BRT




Example:

app(X,Y,Z) « X=[,YV=2
app(X,Y,Z) « X =[H|X], Z=[H|Z), app(X",Y, Z')

Then L

[app]*(X) XAY & 2)
[app]*(X) lettb =XANHANX'AN(Z < 2
in 3H, X', Z'. combine® (¢, [app]*(enter’ (1))

where for v =XAHANX'A(Z & Z)):

enter? (1) = X m
ombine! (1), X A (Y & Z)) = X/\}//\ A(Z Z//\ Y
combine? (), (,\H ) ( )/( SN Y &

Example (Cont.):

Furthermore,
[app]*(Z) 3 XAY AZ
lappl(Z) 3 letv=HAZAZ A (X & X')

in 3H, X', Z'. combine! (1, [app]*(enter® (1))
where for w=ZAHANZ' AN (X < X'):

enter® (1)) = Z
combine? (Y, X AY AZ) = X f\}x’\ 7/#\ YAnZ f/

Fixpoint iteration therefore yields:

[appl (X) = XA (Y & 2) lappl (Z) = XAY AZ
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Discussion:

e Exhaustive tabulation of the transformation [app]* is not feasible.

e  Therefore, we rely on demand-driven fixpoint iteration !

e The evaluation starts with the evaluation of the query g, i.e., with

the evaluation of ~ [g]* 1.

e The set of inspected fixpoint variables  [p]#2 vyields a
description of all possible calls :-})

¢  For an efficient representation of functions ¢ € Pos we rely on

binary decision diagrams (BDDs).
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Example (Cont.):

Furthermore,
lappl (Z2) 3 XAY AZ
lapp]*(Z) 3 letip =HAZNZ A (X < X')

in 3H, X', Z'. combinet (1, [app]*(enter® (¢)))

where for v=ZAHANZ' N (X & X'):

enter® (1)) - 7
combine! (), XAYAZ) = XANHAX' AYANZANZ

Fixpoint iteration therefore yields:

[app]* (X) = X A (Y & Z) lappl* (Z) = XAY A Z

BRT




Discussion:

Exhaustive tabulation of the transformation [app]F is not feasible.
Therefore, we rely on demand-driven fixpoint iteration !

The evaluation starts with the evaluation of the query g, i.e., with
the evaluation of  [g]* 1.

The set of inspected fixpoint variables  [p]*4) yieldsa
description of all possible calls :-))

For an efficient representation of functions ¢ € Pos we rely on
binary decision diagrams (BDDs).
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Discussion:

Exhaustive tabulation of the transformation [app]? is not feasible.
Therefore, we rely on demand-driven fixpoint iteration !

The evaluation starts with the evaluation of the query g, i.e., with
the evaluation of ~ [g] 1.

The set of inspected fixpoint variables  [p]*+> yields a
description of all possible calls :-))

For an efficient representation of functions ¢ € Pos we rely on
binary decision diagrams (BDDs).
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