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Loaded Proots = uer
o ° | s =0 [ SLL)
with model 1c@44920 P SumAndwaxjava |
R SumAndMax(SumAndMax:sumAndMax 1|class SumAndMax {
= 2
< L0 wellFormed (heap) 3| dnt sum;
% Proof Search Srategy | 2 Goals | A =self = null 4| int max;
" roof | @info A self.<created> = TRUE 5
Sibesf 0 =mo| A SunAndVax: :exactInstance(self) = TRUE € /*@ normal_behaviour
& Proof Tree A (a = null v a.<created> = TRUE) 7 @ requires (\forall int i; 0 <= i && i < a.length; @ <= alil);
§ 0:0PEN GOAL A measuredByEmpty 8 @ assignable sum, max;
A ( Vinti; (0 siAi<a.length AinInt(i) - 0 < a[il) 9 @ ensures (\forall int i; @ <= i & i < a.length; a[i] <= max);
A (self.<inv> A ~a = null)) 10 @ ensures (a.length > @
_ {heapAtPre:=heap || 3 1 e (\exists int i; 0 <= i & i < a.length; max == a[il));
o 12 @ ensures sum == (\sum int i; 0 <= i & i < a.length; alil);
exc=null;try 13 @ ensures sum <= a.length * max;
self.sumAndMax (_a)@SumAndMax ; 14 e/
} catch (java.lang.Throwable e) { & a) {
exc=e; 16
) 17
N> (Vint i; 18
( @<iAic<a.length A inInt(i) 19
_ ali] < self.max) 20 /*@ loop_invariant
A( ( alength> 0 21 @ 0 <= k& k <= a.length
- 3int i; 22 @ & (\forall int i; @ <= i && i < k; a[i] <= max)
(esi 23 e max == 0)
A i< a.length 24 e (\exists int i; @ <= i & i < k; max == a[il))
A inInt(i) 25 e (\sum int i; 0 <= i & i< k; a[il)
A self.max = a[il)) £ e k * max;
A ( self.sum 27 e
= (int)(bsum(int i;}(0, a.length, afil)) ||28 @ assignable sum, max
A( self.sum 29 @ decreases a.length -
< javaMulInt(a.length, self.max) 30 @/
A self.<inv>))) 31 while(k < a.length) {
A exc = null 32 if(max < alk]) {
AV Field f; 33 max = alkl;
V¥ java.lang.Object o; 34
( (o, f) € {(self, SumAndMax::$sum)} 35 sum += afkl;
U {(self, SumAndMax::Smax)} e ket
Vv =0 = null 37 ¥
A =0.<created>@heapAtPre = TRUE e ¥
v o.f = o.f@heapAtPre)) 39}
40

T show taclet info (inner nodes only)

Show Posteondition/Assignable

K Proof has been pruned: one open goal remains.
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Close
U {(self, SumAndMax: :$: .
+ B Null Reference (a = anéf:ea ngp"m?: sy 32 if(max < alk]) {
+ 2333:Closed goal heap-Loor 33 max = alkl;
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~ B Index Out of Bound 2int i 34
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B8 Null Reference (_a = null) 38 }
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~ B8 Null Referen
V 449:Close
~ B Null Reference
V 447:Closed g
~ B Index Out of B
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v 2171:Clos:
v 8 Index Out of|
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 2244:Closed goal

ow Axiom Satisfiabili <]
< 0}

O anly)

anon_heap LOOP )1

Kev2110
About
@« wmczaB [+ [o] Layouts Defautt |+ Load Layout saveLayout| [Reset Layout
(] sequent — B B (] source - =]
bsum{int i;}(0, 21l [ sumandmaxjava |
ko, 1[class SumAndMax {
alileheaplself.sun := 0] 2
[self.max := 0] 3[  int sum;
fanon(  {(self, SumAndMax::$max)} 4 int max;
U {(self, SumAndMax::$sum)}, 5
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29 @ decreases a.length - k;
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A ( ( a.length > © o :
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38 }
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V 449:Close« a.<created> = TRUE, 13 @ ensures sum <= a.length * max;
v B8 Null Reference measuredByEmpty, 14 /
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v 2169:Cl . 25 a& \sum int i; 0 <= i & i< k; ali
Lo :;f:recn fanon(  {(self, SumAndMax::$max)} s g oo L Fai 18k i<k; aril)
e U {(self, SumAndMax::$sum)}, e e :
Clos:
h LooP_@ :
 2240:Clos{= = st P eelt e o1 29 @ decreases a.length - k;
- -3“2";2'?"‘: fanon(  {(self, SumAndMax: :$max)} 3? Gl
Close
U {(self, SumAndMax: :$: .
+ B Null Reference (a = anéf:ea L;EP"O'?: sumy 2 if(max < alkl) {
+ 2333:Closed goal -heapLooR 33 max = a[kl;
A( ( alength> 0
~ B Index Out of Bound aint i 34
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~ Clifx_2 false A< alength 36 ks
£ 361:0PEN/GOAL A alileheaplself.sum 7 ’
B8 Null Reference (_a = null) [self.max 38 }
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with model src@8:15:22 Pt

@ SumAndMax{SumAndMax:sumAndMaxi ko, class SumAndMax {

alileheap[self.sun := 0]

7 n (self.max := 0] int sum;
— fanon( {(self, SumAndMax::S$max)} int max:

?‘ """":"""“SL 15 Goals U {(self, SumAndMax::$sum)},

Q [0t anon_heap_L00P_0)1) /%@ normal_behaviour
& proo —_@o|| - e |

v B8 Null Refer{ |
v 523:Clo
v B8 Index Out|
v 521:Clol
~ B8 Null Referen
V 449:Close
~ B Null Reference
V 447:Closed g
~ B Index Out of B
W 445:Closed g
~ mifx S false
~ B8 Normal Executi
~ B Normal Exec
v I Normal B
» B8 CUT: K
» B CUT: K
v B8 Null Refer|
v 2169:Cl
+ B8 Null Referen
v 2171:Clos:
+ B Index Out of|
v 2240:Clos:
~ B Null Reference
V 2242:Closed
~ ™ Null Reference (_a =
+ 2333:Closed goal
~ B Index Out of Bound
+ 2397:Closed goal
~ Clifx_2 false
R 361:0PEN GOAL

8 Null Reference (_a = null)

 2244:Closed goal

ow Axiom Satisfiabili <]
< 0}

O anly)

self. sum@anon_heap_LOOP_0,

self.max@anon_heap_LOOP_@ * k_0 > self.sum@anon_heap_LOOP_0, |

wellFormed (anon_heap_LOOP_0) , . .
venromedresr),formula normalizati
self.<created> = TRUE,
SumAndMax : :exactInstance(self) = TRUE,
a.<created> = TRUE,

measuredByEmpty,

a.length > 0,

¥V int i; (i < a.length A i 2@ . a[i] 2 @)

-

k_0 < a.length,
self = null,
a = null,
int i; H
"o <a1egn NEAP €ncoding
a[i]@heap[self.sum )]
[self.max 0]
[anon( {(self, SumAndMax::$max)}
U {(self, SumAndMax::$sum)},
anon_heap_LOOP_0) ]

v

< self.maxeheap[self.sun := 0]
[self.max := 0]
fanon(  {(self, SumAndMax::$max)}

U {(self, SumAndMax::$sum)},
anon_heap_LOOP_0)1)
A( ( alength> 0
L 3dnt i;
(izo0
Ai < a.length
A

[anon(

U {(self, SumAndMax
anon heap LOOP @)]

requires (\forall int i; 0 <= i & i < a.length; @ <= a[il);

;0 <= i&&i<a.length; ali] <= max);
ensures (a.length > 0

(\exists int i; ©
(\sum int i; 0
a.length * max;

i && i < a.length; max
ia& i < a.length; alil);

ensures sum

a) {
17
18
19
20 /*@ loop_invariant
21 @ 0 < k& k <= a.length
22 @ && (\forall int i; @ i8&& i < k; a[i] <= max)
23 @ & (k == 0 ==> max == 0)
24 e 8& (k>0 (\exists int i; 0 <= i && i < k; max == a[il))
25 @ & sum == (\sumint i; @ <= i & i< k; a[il)
26 @ &% sum k * max;
27 e
28 @ assignable sum, max;
29 @ decreases a.length - k;
30 @/
31
32 if(max < alk]) {
<l max = a[k];
34
35 sum += alkl;
36 k++;
37 ¥
38 }
39(}
40

il
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vt model src@4:49:20 P B ; class SumAndiax {
S = 3[  int sum;
£3 Proof Search strategy | 8 Goals | || 4 int max;
Poof [ Omfe |[] S
T proot _mol| 6 /% nomal behavior
of Tree =iy 7 @ requires (\forall int i; @ <= i & i < a.length; @ <= a[i]);
luse Axiom 8 @ assignable sun, nax; o )
Snvariant Initially Valid 9 @ ensures (\forall int i; 0 <= i 8& i < a.length; a[i] <= max);
® 361:0PEN GOAL 10 e ensures (a.length > @ . i i .
DInvariant Preserved and U ||| 11 e (\exists int i; @ <= i 8 1 < a.length; max == a[i]));
'+ cINormal Execution (a 1=| | | 12 @ ensures sum == (\sum int i; 0 <= i & i < a.length; a[i]);
- Difx.2 true 13 @ ensures sum <= a.length * max;
+ CINormal Execution { || 14 e/
< Dt x.5 true 15| void sumdMax(int[] a) { ) )
+ CINormal Execd ||| 26 //@ assume (\forall int i; @ <= i 8& i < a.length; 0 <= a[i]);
v CINormal Exg |17 5o Oy
+ CINormal f | 18 e
+ CInorm] ||| 19 int k=
20
+ :,,?uii 21 /*@ loop_invariant ...
@3¢ [||22 e/
+ CINUl Refe ;i while(k < a.length) { ... }
: mgdiz:; 25 /@ assume © <= k & k <= a.length;
g 327: 26 //@ assume a.length >‘: a,_ . . )
< cnutlreferd [I27 //@ assune (\forall int i; 0 <= i && i < k; a[i] <= max);
@ 3120008 ||| 28 //@ assume k max == 0; - )
+ cINullReferend [I122 //@ assume k > 0 ==> (\exists int i; 0 <= 1 8& i < k; max == a[i]);
@ 28a:0peN ] | 32 //@ assune (\sum int 1; 0 <= i 8& i< k; alil);
+ Bindexoutord |31 //@ assune k * max;
@ 285:0pEN | ||| 32 //@ assume 1(k < a.length);
v Cifx_5 false B .
<+ S Normal Execd [I]34 /1@ assert (\forall int i; 0 <= i 8& i < a.length; a[i] <= max);
+ EINormal Exi 35 /’uﬂ assert (a ll'hg(”h > w. \exists int i; @ i && i < a.length; max
v CINormal 36 //@ assert (\sum int i =0; 0 <= i 8& i < a.length; a[i]);
ol | Ed /1@ assert = a.length * max;
R 363:0 . .
< canunrerd |f[38 //@ assert \imvariant_for (this);
@ 2620 ||| //@ assert assignable f; /1 ToDo
« Anunretera=l( |49}
KT {5 L
0] show taciet nfo inner nodes only) Normal Exeeution = 1= nul)

K strategy: Applied 1 rule (0.0 sec), closed 0 goals, 17 remaining
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 * mockup: take sequent and origin information of formulas and enrich the source file with it
 * encode lhs of sequent as assumptions, rhs as assertions
 * heap state a formula is evaluated in: each position in program corresponds to a heap state -> intuitive for the user
 * additional predicates are not needed to be shown
 * collapsed: loop code and invariant
 * allow interaction (coarser level, map rule applications back to sequent)
 * work in progress, TODO: multiple heap states, assignable, ... 


KIT

Summary

Combined view for source, specification, and proof state
@ that facilitates understanding of the current proof situation,
® which the user can interact with,
& with which (hopefully) most Java programs can be verified.

Open Questions

@ How can formulas be represented that relate multiple heap states?
® How can framing clauses be represented?
@ What about multiple modalities (queries, information flow, ...)?

W. Pfeifer: Integrating Source Code, Specification, Institute of Information Security
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