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Problem: only when proving VC, we learn whether P, A, S "match”.
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Soundness of Verification Ny {0

Program P ...command

Program semantics [ P]| € State x State
Specification S ... formula

Specification semantics [ S| S State x State
Verification Condition VC ...formula

Condition semantics [ VC] € {true, false}

[VC] = Vs,s' € State : [P](s,s") = [S](s,s)

Both the program P and the specification S denote state relations.
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Program Reasoning (Alternative * *
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Annotated program PA
Transition formula F
Specification S

Verification Condition F = S
Translation Conditions TC

F represents the “semantic essence’ of PA that is open for investigation.
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Soundness of Translation N {0

Program P ...command

Program semantics [ P]| € State x State
Formula F ... formula

Formula semantics [ F ]| € State x State
Translation Conditions TC ... formula

Condition semantics [ TC ] € {true, false}

[TC] = Vs,s' € State : [ P](s,s’) = [ F](s,s)

Formula F captures the state relation denoted by program P.
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L) ()
Example
N4
if (n < 0)
s = -1; F1
else {
var ij;
s = 0; F
i=1; Fy e Fe
while (i <= n) { E Fe
s = s+i; Fa ElE v
i= i+ Fsf b (™™
}F,T
}
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Example
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if (n < 0)
s = -1; F1
else {
var i;
s = 03 F>
i=14 Fs Fs Fe
while (i <= n) { F F.
s = s+i; F4}F F v
i = i+1; Fs b w
}F,T
}

Fe 1 <=vari<=varnt+iandvars= 3171,
T:=varn-vari+1
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if (n < 0)
s = -1; F1
else {
var i;
s = 0; F>
i=1; F3 Fs
while (i <= n) {
s = s+i; Fa
i= i+l FS}F" Fu
}F,T
}

Fe 1 <=vari<=varnt+iandvars= 3171,

T:=varn-vari+1
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7™\
Example

2
°
if (n < 0)
s = -1; F1
else {
var i;
s = 0; F>
i=1; F3 Fs Fc
while (i <= n) { £ (Fe
s = s+i; Fa F L E v
i= i+l Fs({'b("w
}F,T
}

Fe 1 <=vari<=varnt+iandvars= 3171,
T:=varn-vari+1

F. < [ifold n <0 thenvars=-1elsevars= Zjidl " j]ts

The program computes for non-negative n the sum from 1 to n.

Wolfgang Schreiner http://www.risc.jku.at 35/43



Judgements \ {'

XS

Core judgement ¢ : [f,]g h

Vs,s' € State :

[g] ~lhl(s) =
([cll(sys")y = [f](s,s") A Vx € Variable\xs : [ x](s) = [x](s")).

Command c, state relation f,, set of program variables xs,
state-independent condition g, state condition h.

Derived judgements pre(c, fq) = f, and post(c, f,) = f4
Vs,s' € State : [g] A [h](s) = ([f[(s) A [c(s,s") = [ ](s))
¢ 11,
pre(c, fq) = Vxs : f[xs/var xs| = fq[xs/old xs]
c: [f]th
post(c, f,) = Axs : fy[xs/old xs] A f[xs/old xs,old xs/var xs]

A generalization of pre/post-condition reasoning.
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Translation Calculus * *
4
e~pt
x=e:[var x = t]é:fu}e h
c: [F13°)

xs\Xx

{var x; c} : [3Ixo0,x1 : f[x0/01ld x, x1/var X]]g7VX . hlx/old x]
XS

[f;l]grl by e [f] 2 .ho pre(ci, h2) = h3
{c1;¢} 1 [Tys : filys/var xs] A fz[ys/o|d xs||*®

g1 A g2,h1 A h3

- XS XS
exhpfe [fl] 1,h ek g2, ho
if (e) then ¢ else o : [if £ then f1 else fz] A go.h A if £ then by else h
e~y fo c: [fc]gi,hc

g =Vxs,ys,zs:

f[xs/old xs, ys/var xs] A fe[ys/old xs] A f[ys/old xs, zs/var xs] =
hlys/old xs] A f[xs/old xs zs/var xs|

while (e)™% ¢ : [f A —fe[var xs/old xs]]*®

ge A g,h A flold xs/var xs]
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Termination N\ {'

Termination judgement ¢ | g fc
Vs € State : [ g ]| = [ - ](s) = {c)(s)

C.Lgf
{var x; c} g Vx: f

x = e ltrye true

algh algh prela,k)="Ff
{asetlging hinfs

e~y fe alg b g b
if (e) then ¢ else 2 | gy A g If fe then £ else £

e~y fo C:[fc]xsh clg: fi

g =Vxs,ys, zs : f[xs/old xs, ys/var xs] A f [ys/old xs] A fe[ys/old xs, zs/var xs] =
fe[ys/old xs] A 0 < t[zs/old xs] < t[ys/old xs]
while () " clgnang t=0
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The RISC ProgramExplorer .E {'

An integrated program reasoning environment.
Programming language MiniJava.
Theory/specification language in the style of PVS/CVC.
Semi-automatic proving assistant RISC ProofNavigator.
Analysis view (verification tasks).
Type checking conditions.
Statement preconditions.
Loop invariants.
Method frame preservation.
Method termination.
Method postcondition.
Semantics view.

Semantics of a method body.
Pre/post-condition reasoning.

Verification view.

Proof construction and management.
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Analysis View

s »

Semantis G verfication Q. Analyss G

=
(BriesEamons

3 proofhiavigator

Al Tasks . Open Tasks.

[ Arays java 52 [ Factorisljava
1/%

> @i 1 cless arrays
v O Arays public static int search(int(] a, int x) /*@
b > flocal requires VAR a /= nullarray;
8 ensures
b @ binarysearchlintllint| LET result = VALUEREKT, n = (VeR 2)..length TN
b @ issorted(int[]) 20 1F result = THE
T 2 notFound (VAR a, n, VAR x)
2 s
2 0 <= resule 0 rese <0 40
24 nutmedV R a, result, VA.R x) AND
2 (VAR a).valuel result]
2 01F;
27 e
2| ¢
25| int n = a.length;
0% for (it i=0; i< n; iv) /o
b I> Factorial a il
b > Math 41 if (al1] == x) return 1;
> prov i |
b provingz oy
1> Record 4

45+ public static boolean issorted(int(] a) /+d]
<

]| > Bclass amay

< B3 class Arrays
b B3 method binarySearch
b [ method issorted
= method search
[arrays.search] frame condition
& [Amays.search] postcondition
= B preconditions
& [Amays.searchi0] assignment precontion

5 & [Arrays.searchi] retum precondtion

< Binvariants
§ tArrays searchill] invariant
< B termination
[Arrays.searchiay2] loop measure is well-formed
[Arrays.searchiay2] loop terminates
[Arrays.searchiqik] method body terminates
< [ optional
@ (Arrays search] speciication i satisfiable
& [Arrays search] speciication is not trvial
~ B type checking conditions
[arrays (ocal)dfm] value is in interval

[ type checking conditions.

Execute *Progranexplorer -h' to ses the options available.

This is free software distributed under the terms of the GNJ GPL.

s1 a.length;
52 for (int izl den; ir+)
7+d] - & »
=
- — Ferogramespesre——| b [ class Arrays0
(0)"2008., Ressarch Institute for Synbolic Corputation (RISC)

> B3 class Factorial
b B3 class Recrd

processing theory Base
processing class java. \amz string...
initialization completed.

processing class Arrays. .

class Arraye as processed vith no arrors.
processing tasks...don

processing class Fac(m)z\

processing theary M

class Factorial was pru:esged with no errars
processing tasks.

> Bpackage java
b Btheory Arrays
_|[> B theory Amayso
> Eatheory Base
b B theory Factoriel
b Batheory Math
b B3 theory Provingl

Wolfgang Schreiner
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Semantics View

Edit  Help
B

[ searching.search 5
Searching.search

RISC ProgramExplorer

‘Semantics €4 Verification ()| Analysis [c},

requires ~cld a.nul
ensures let

result = value @rext,
n=var alength

in

(if result

1) then

VieZ:0<iAi<n= var avalue[il #var x
else

0 < result A result <n
A

(Vi€Z:0<i A i< resull = var a.value[i] # var x)

Body Knowledge
[Show Original Formulas]
Pre-State Knowledge
- old a.null

Effects

executes: false, continues:
variables:

eptions:-

Transition Relation

a.length;

while (i <n & r

-1)/%e
invariant NOT VAR a.null AND VAR

decreases IF OLD r = (-1) THEN OLI
@,

/
{
if (ali] =

55
FE

x)

(3nneBase.int, meBase.int, in€Base.int, n€Base.int, r €Base.int, ip€Base.int:
A =oldalengh AGlo2n Vv r#(=1) AOSigAig<n
var a.valuelresul] = var x A
endif ) (ViEZ:0<iAi<ig = old avalue[i] #old x)
A
Bl public static int searchint[] a, int x) /%@ DV
requires NOT OLD a.null; R
ensures LET result = VALUEGNEXT, n = VAR a.leng
o/ n=n) A=old anull
{ A
int n

returns @next
Termination Condition
WneBase.nt, r&Base.int:

exccules@now A n=old a.length A
EL

alse, breaks: falss, retums: true

io Aig <n A old a.valuelr] =old x) A value@next=r Am=r Ain=ig

1) then n else 0 endif ) >0

Wolfgang Schreiner
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Verification View

RISC Programexpl

[Semantics @,/ erficaton Q| Analyss @

Proof Tree.
= Ho: scatter

[upf): proved (cvet)
Lvpf]: proved (cvc)

Proof State

(vignasi < x = (newBoolcan Amsy(x)valueli < flse))

el -
aaniam ‘' naniee Vs n Fomul. fSsngArey(sengh
nd |

[4]): proved (cvet)

expand in
(gosl 1y Make Formula Goal
el 1y Flp Formula
newArmay(x)# aullAry A+ = newAmay ) length
(¥ignasi < x = null = newAmy(x)luclil)
| foctorial (2
op | fctoril (1

(x)valueli)

| octoral 0
| foctoral () € MAX T

]2 S
o i < 14

S i = 10
102 ] fctorial( =2+ 4 P

(2t

ctoisl(~1 +inew)

View Declarations

Input/output

[#value: AFRAY [MIN_INT..MAX_INT] OF [#r:INT#], Tength: [0..MAX_INT1#]
Value nullarray: (#value: ARRAY [IN_INT..MAX_INT] OF [#r:INTA), Length: (0. .MAX_INTIA].
Value newarray: [0 .MAX_INT].>[#value: ARRAY [MIN_INT..MAX INT) OF [#r:INT#], length: (0. .Max_INT)
.

Jalue o, moc 1wr
[t [MIN_INT. .MAX_INT] OF [#r:INT#], length: [0..MAX_INT}#)

Voten Ve X INT]

Formula goal_ already has a (skeleton) proof (proof status:

Proof state Tupf) is closed by decision procedure.

Proof state [vpf] is closed by decision procedure.

Proof state [14j] is closed by decision procedure.

Proof replay successful.

trusted, closed, absolute)

Use 'proot goal_' to see proof. I

Wolfgang Schreiner
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Current State and Further Work .E 7

Development 2008-2011.
RISC ProofNavigator 2005-2007.
Uses CVCL as a validity checker.
About 140K lines of commented Java code.
October 2011: first release.

Tested with various examples.
Use in “formal methods” course starting with fall 2011.

Future work:

Simplification of transition relations.
Improvement of proof automation.

http://www.risc.jku.at/research /formal /software/ProgramExplorer
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