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@ Core: Object-oriented Dynamic Logic
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@ ODL only contains essentials of object-orientation.
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@ ODL only contains essentials of object-orientation.

@ “Natural” representation of object-orientation.
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@ ODL only contains essentials of object-orientation.

@ “Natural” representation of object-orientation.
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o
© The Logic ODL

@ Syntax
@ Semantics



\
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bJect nt

e
Date Strlng
Null




bJ eCt @ nat

Date Strlng o finite subtypes

Null (object-types)




objq :nat — C (disjoint bijections for object-types C) I

Example

—

obj¢(3)

... change value during program execution & represent object attributes.

Example (Object attribute representation)

[ x.a |~ | a(x) |




SSRGS (first-order part)
[a]e, ()o (dynamic part)

a;v, if(¢)aelsery, while(o)a« (control-structure)
f(t)y:=t,g(r):=r (state update)




State = first-order structure l

O (5,5)epp(A(th, ..., th)=ty,... . f(th ... th):=t,) =
e s=5y,8 =s,, and
o 5= s q[fi(vali (s, t}),...,val s(s, t5)) — val (s, t;)] (1 < i< n).
O (s.5') € pig(a; ) = (s,u) € p1g(a) and (u,s') € p1,(7) for
some state u.
Q (s,5') € p1p(if(¢) aelser) (<=
o val; g(s, ¢) = true and (s,s’) € p; g(a), or
e val g(s, ¢) = false and (s, s’) € p;. (7).
Q (s,5) € p1p(while(®) ) iff there are n € N and s=sg, ..., sp=5
o for 0 <i < n, val; g(si,¢) = true and (s;,si+1) € p;p(e), and
o val; g(sn, ¢) = false.




© Java ~ ODL
@ Object Creation
@ Side-effects
@ Exception Handling
@ Dynamic Dispatch



Simple & natural translation of
@ Object creation
@ Dynamic dispatch
@ Side-effects

@ Exception handling

@ Inner classes



Example (Transformation)

x := objq(nextc),

= = nexty := nextg + 1




Example (Transformation)

x := objq(nextc),

= = nexty := nextg + 1

@ Object identity “new # new”

Example

x:=newC(); | ~ | x:=obj(nextc);
//nextc := nextc + 1
y:=newC(); | ~ | y:=objs(nextc + 1)
[/x#y




Example (Transformation)

x := objq(nextc),

= = nexty := nextg + 1

@ Object identity “new # new”

@ Dynamic type checks o
Example
T
nat /Objlect\ S tinstanceof String |
SN
Date String 3
AN e - -
Null dn:nat t = objgi,i,,(N)
|

1




Example (Transformation)

x := objq(nextc),

= = nexty := nextg + 1

@ Object identity “new # new”

@ Dynamic type checks [ < J
Example
T t instanceof Object
nat Object int 3
SN
Date Etrlng Jn:nat ( t = objp,e(n)
Null Vit = Obj String(n)

| . g
i Vit = ObJUbject(n))




Example (Transformation)

x := objq(nextc),

= = nexty := nextg + 1

@ Object identity “new # new”
@ Dynamic type checks [ < ]



ali++] = b— + b

$
vii=i;, i:=i+1;, vb:=b; b:=b—1; a(vi):=vb+ b

$
i=i+1,b:=b—1,a(i):=b+(b—1)

< Return



try { while (d !'= 0)
{if (d < 0) {throw new RangeEx(d);} else {d=d-1;}}
/+ do something x/
} catch (RangeEx r) {/+x handle range x/}

Exception r = null;
while (r = null && d != 0)

{if (d < 0) {r = new RangeEx(d);} else {d=d—1;}}
if (r = null) {/x do something =/}
else if (r instanceof RangeEx) {/* handle range x/}
else {return r; /x pass up the call trace x/}




class Car { int follow(Car d) {...} }
class Van extends Car { int follow(Car d) {...} }
return b.follow(d);

$
class Car { int Car_follow(Car d) {...}
class Van extends Car { int Van_follow(Car d) {...} }
if (b instanceof Van) {return ((Van)b).Van_follow(d);
else if(b instanceof Car) {return ((Car)b).Car_follow(d);}
else {/«x cannot happen when all types are known x/}

Type-casts expressible as
dv:Vanv = b



@ Calculus
@ State Updates
@ Inference Rules
@ Verification Example
@ Completeness



@ Merge updates
U =t)o ~ (U F(U)):= )t )o
“Last change is most recent”

Example

(g(a) = £)(F(e(a) = h(g(@)s ~ (g(a):=t,F():= h(©))o J




@ Merge updates
UNF(E)=t)o ~ (U F(U)):= )t )
“Last change is most recent”

@ Promote updates

(f(t):=t, g(t):=c, f(s):=5") f(a)



@ Merge updates
UNF(E)=t)o ~ (U F(U)):= )t )
“Last change is most recent”

@ Promote updates

(f(t):=t, g(t):=c, f(s):=5) f(a)
f




@ Merge updates
UNF(E)=t)o ~ (U F(U)):= )t )
“Last change is most recent”

@ Promote updates

(f(t):=t, g(t):=c, f(s):=5) f(a)
f
(f(t):=t, f(s):=¢) f(a)




@ Merge updates
UNF(E)=t)o ~ (U F(U)):= )t )
“Last change is most recent”

@ Promote updates

ifs = athens'else ... fi



@ Merge updates
UNF(E)=t)o ~ (U F(U)):= )t )
“Last change is most recent”

@ Promote updates

(f(t):=t', f(s):=¢) f(a)

ifs = athens' elseift = athent’ elsef(a) fifi



@ Merge updates
UNF(E)=t)o ~ (U F(U)):= )t )
“Last change is most recent”

@ Promote updates
U

-

(f(t):=t', f(s):=¢) f(a)

ifs = (U)athens' elseift = (U)athent elsef((U)a) fifi



@ Merge updates
UNF(E)=t)o ~ (U F(U)):= )t )
“Last change is most recent”

@ Promote updates
U

qb( (f(t):=t', g(t):=c, f(s):=5") f(a)
f
o (f()=t, f(s):=5)  f(a)
~—_
¢< ifs = (U)athens' elseift = (U)athent elsef((U)a) fifi )




@ Merge updates
UNF(E)=t)o ~ (U F(U)):= )t )
“Last change is most recent”

@ Promote updates

U
¢( (f(t):=t, g(t):=c, f(s):=5") f(a)
f
o (F(t):=t, f(s)=s)  f(a)
~—_
¢< ifs = (U)athens' elseift = (U)athent elsef((U)a) fifi )

\/
(s - Uya — ¢(51)> A (5# U)a — ...¢(f((u>a))>



U)f(u) ~
ifsi, = (U)u thent; else ...ifs; = (U)uthent; elsef((U)u)fi...fi
where i1 < --- < i, are all those indices with f,-j = f, for some r >0

Example (State updates with aliasing)

(f(s) =t)g(f(r))
g((F(s)=t)f(r))
g (ifs = rthent else f(r) fi)
“” (s =1 — g(t))A

(s # r — &(f(r)))

o d
~




A A BI- AF BF FA BF
A ANBI AV B A— Bl
Ak FA B A B AFB
F-A ~FAANB ~FAVB FA—B
FAS ALYXAR AX F AL 3x A
FVxA Vx A b IxAF - 3xA
re e =t Al
AF A Me=t'+A Ft=t
AF FA TV Y=tk A F(0) ¢(X)F (X+1)
= LU=tk A =Vng(n)



(@) (1o
()¢ Fobjg(i) = obje(j) — i =
(e = (@)@) A (~e — (1))
(if(e) velse)o = =(obje (i) = objp(f))
(e = ¢(1)) A (me — (')
¢(ife thent elset’ fi) F Vo :C (oinstanceof CV 0 = null)
(if(e) {a; while(e) a})o FeUp petlalp p,mek ¢
(while(e) )¢ Ik (U)[while(e) a]¢
AF B AFB
IxAF 3IxB ()AF (a)B

(UYF(u) ~ ifs, = (U)uthent; else ...ifs; = (U)uthent; elsef({U)u)fi...fi

yUyp ~ (U A(U)s) = U)ts,..., ({UH)se) = U)ta)o



class E { static int g; int id;
E generate() {E r=new E(); r.id=g;g=g+5; return r;}}

Vx:E (x.id < g — [generate] (x.id < r.id))



class E { static int g; int id;
E generate() {E r=new E(); r.id=g;g=g+5; return r;}}

Vx:E (x.id < g — [generate] (x.id < r.id))

Xid< g,—o(n)=XF Xid< g Xid<g,o(n)=Xtg<g

Xid< gk (-o(n)=X — Xid<g) A (o(n) =X — g<g)
X.id < gt (ifo(n) = X theng else X.id fi) < g
X.id < gt (r:=o0(n),n:=n+1,0(n).id:=g,g:=g +5) (X.id < r.id)
Xid < gt (r:=0(n),n:=n+1,0(n).id :=g)[g:=g + 5] (X.id < r.id)
X.id < g b (r:=o0(n),n:=n+1)[rid:=g]lg:=g + 5] (X.id < r.id)
Xid < gt (r:=o0(n),n:=n+1)[rid :=g; g: =g + 5] (X.id < r.id)
Xid < g [a] (Xid < r.id)

FX.id <g — [a] (X.id < rid)

FVxE(xid < g — [o] (x.id < r.id))




ODL calculus is sound:

F¢ implies E ¢




ODL calculus is sound:
F¢ implies E ¢

ODL calculus is non-axiomatizable, i.e., there is no sound and complete
effective calculus.




ODL calculus is sound:
F¢ implies E ¢

ODL calculus is non-axiomatizable, i.e., there is no sound and complete
effective calculus.

ODL calculus is complete w.r.t. first-order arithmetic:

E ¢ implies Tautpam b ¢




© Summary



@ ODL is essentials-only object-oriented dynamic logic:

© object type system
@ object enumerators
© flexible functions

@ Natural translation Java ~» ODL.

@ Calculus proven sound & relatively complete w.r.t. arithmetic.



B. Beckert and A. Platzer.
Dynamic logic with non-rigid functions: A basis for object-oriented

program verification.
In U. Furbach and N. Shankar, editors, IJCAR, volume 4130 of LNCS,
pages 266—280. Springer, 2006.



@ Completeness Proof
e Misc



E ¢ implies Tauty - ¢

© propositionally complete

@ first-order complete

© first-order expressible: V¢ dF € FOL E ¢ <~ F
© term rewrites are Noetherian

@ (rel.) complete for first-order F — (o) G

O (rel.) complete for first-order dynamic typing

O




@ Use ODL object enumerators for object creation.

@ Use quicker and rel. complete ODL within KeY in automatic
verification scenarios. (Trafo combined with compiler construction
technology)

@ Import simpler ODL calculus into JAvA CARD DL, for formulas that
are “sufficiently” ODL.
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