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Program Verification (Classical)

VCy
S

PA + S — VC;
N

VCn

Program P

Specification S

Annotation A

Verification Conditions VC;

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")

If the verification conditions are valid, the state transitions performed by
the program are allowed by the specification.
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F represents the “semantic essence’ of PA that is open for investigation.
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Program Reasoning (Alternative * *
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PA — F 4+ S — F=S
N
TG
TG,

Annotated program PA

Transition formula F

Specification S

Verification Condition F = S
Translation Conditions TCy,..., TC,

F represents the “semantic essence’ of PA that is open for investigation.
Wolfgang Schreiner http://www.risc.jku.at 22/40



Soundness of Translation 9

Wolfgang Schreiner http://www.risc.jku.at 23/40



Soundness of Translation 9

Program P ...command

Wolfgang Schreiner http://www.risc.jku.at 24/40



Soundness of Translation 9

Program P ...command
Program semantics [ P]| € State x State

Wolfgang Schreiner http://www.risc.jku.at 25/40



Soundness of Translation 9

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

Wolfgang Schreiner http://www.risc.jku.at 26/40



Soundness of Translation N {0

Program P ...command

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

Formula semantics [ F ]| € State x State

Wolfgang Schreiner http://www.risc.jku.at 27/40



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

Wolfgang Schreiner http://www.risc.jku.at 28/40



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}

Wolfgang Schreiner http://www.risc.jku.at 29/40



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")

If the translation conditions are valid, the state transitions performed by
the program are captured by the transition formula.
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Translation Calculus (Excerpt) N2
e~pt c: [f];fh X ¢ xs
x=e:[varx = t]’gfu}e,h ¢ [f Avar x =old X]ZShU b
a:lhlgn,  @:lblg, (e h)=hs

XS

{c1; ¢} : [Jys : f|ys/var xs| A fo|ys/old xs]]g1 A @b A hs

Analogous calculus for translation of command to termination condition.
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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
W
if (n < 0)
s = -1; F1
else {
var i;
s = 0; F>
i=1; F3 Fs Fe
while (i <= n) { £ F.
s = s+i; F4 E E v
i = i+1; Fs b w
}F,T
}

F:e1<=vari<=varnt+landvars= ZYarl"'lj
4=
T:=varn-vari+1
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Example

if (n < 0)

s =
else {

var i;
0;
1;

s =
i=

-1;

F1

F2
Faf s

while (i <= n) {

S
i
}F,T

}

s+i;
i+l

Fe

Fe

F:e1<=vari<=varnt+landvars= ZYafl"'lj
4=
T:=varn-vari—+1

Fe & [If old n <0 then var s = -1 else var s = Zjoidlnj]{s}
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Example

if (n < 0)
s = -1; F1
else {
var i;
s = 0; Fa
i=1; Fy e
while (i <= n) { F
s = s+i; F4}F E v
i= i+l Fs({'b("w

}F,T

}

Fe

Fe

F:e1<=vari<=varnt+landvars= ZYarl"'lj
4=
T:=varn-vari+1

F. < [ifold n < 0thenvars=-1elsevars= Zj‘?idl"j]“}

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

Semantics of a method body.

Pre/post-condition reasoning.
Analyze view (verification tasks).

Type checking conditions.

Statement preconditions.

Loop invariants.

Method frame preservation.

Method termination.

Method postcondition.

Verify view.

Proof construction and management.
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Demonstration

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]
<

b B class Array
< B3 class Arrays
b B3 method binarySearch
b [ method issorted
= method search

[arrays.search] frame condition
& [Arrays.search] postcondiion
= [ precondtions
& [Arrays searchio] assignment precondition
& [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

class Arrays was prucessnd with no errors.
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 Arrayso
> Eatheory Base
b B theory Factoriel
b Batheory Math
b B3 theory Provingl
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Demonstration

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
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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 code.
Software in beta status.

Functionality essentially complete.
Reasonably stable (tested with small examples only).

Website and user manual.
Manual incomplete (status of April 2010).
Current work:
Beta testing and documentation.
Use in “formal methods” course starting with fall 2011.

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