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GoalsAn integrated program reasoning environment that provides insight intothe semanti essene of a program.Is based on the onept of programs as state relations.A program implements a relation on states.A spei�ation desribes a relation on states.The program relation must imply the spei�ation relation.Addresses various semanti questions.Is a spei�ation satis�able and not trivial?What is the state relation desribed by a ommand/method?What state ondition is known at a partiular program point?Are methods only alled in states that satisfy the methods' preonditions?Does the method meet its spei�ation (assuming that loop invariants hold andtermination terms are appropriate)?Do the invariants indeed hold?Are the termination terms indeed appropriate?Provides a state-of-the-art graphial user interfae.Tight links between syntati soure ode and semanti essene.Helps to gain insight as muh as possible.Wolfgang Shreiner http://www.ris.jku.at 2/16



Program CalulusHoare Calulus: {x = a}x=x*x{x = a2}Pair of state onditions �glued together� by a logial onstant a.Reasoning based on Hoare triples that mix program and logi.Dynami Logi: ∀a : x = a ⇒ [x=x*x]x = a2Two state onditions separated by a modality [x=x*x].Reasoning based on modal formulas that mix program and logi.Relational Calulus: x=x*x: x′ = x2Single state relation x′ = x2.Captures the (denotational) semantis of the ommand.Reasoning based on lassial logi.The ommand is translated into a lassial logial formula.All further reasoning about the ommand is based on the formula.Our approah is to use the relational alulus to give programmers insight.Wolfgang Shreiner http://www.ris.jku.at 3/16



Example if (n < 0)s = -1; F1else {var i;s = 0; F2i = 1; F3ff Fswhile (i <= n) {s = s+i; F4i = i+1; F5ff Fb}F ,T 9

>

>

=

>

>

;

Fw9

>

>

>

>

>

>

=

>

>

>

>

>

>

;

Fv}
9

>

>

>

>

>

>

>

>

>

>

>

=

>

>

>

>

>

>

>

>

>

>

>

;

Fe
9

>

>

>

>

>

>

>

>

>

>

>

>

>

>

>

=

>

>

>

>

>

>

>

>

>

>

>

>

>

>

>

;

F
F :⇔ 1 <= var i <= var n+1 and var s = Pvar i -1j=1 jT := var n - var i + 1F ⇔ [if old n < 0 then var s = -1 else var s = Pold nj=1 j ]{s}Translation into a formula that aptures the program's semanti essene.Wolfgang Shreiner http://www.ris.jku.at 4/16



Abstrat FrameworkFormal syntax and semantis of various languages.An abstrat imperative programming language.Commands operating on states.=, var, if, while, ontinue, break, return, throw, try.Methods with results, (diret and indiret) reursion.An abstrat logi formula language.Prediate logi formulas with funtions and prediates on states.A program spei�ation language based on the formula language.Assertions, loop invariants, termination terms.Method spei�ations with preonditions, postonditions, frameonditions, exeption onditions, reursion measures.The formal reasoning alulus was elaborated and its soundness wasproved within this framework.Wolfgang Shreiner http://www.ris.jku.at 5/16



Conrete Programming LanguageA subset of Java (�MiniJava�) that an be mapped to the abstratprogramming language in a rather straight-forward way.Classes as modules with lass variables and lass methods.Treatment as global variables and methods of the basi alulus.Classes as types with objet variables, onstrutors, objet methods.Objet funtions reeive the this objet as an additional argumentand return it as an additional result.Value semantis for arrays and objets.Type heker prevents aliasing (i.e. that di�erent variables refer tosame objet) and thus hides di�erene to referene semantis.Assignment to variable only from a onstrutor all.Return as funtion result only from loally owned objet.Passing as an argument only from a onstrutor all or from a loalvariable that does not appear as another argument.No (diretly or indiretly) reursive lass referenes.Classes as modules and types, no inheritane, no referene semantis.Wolfgang Shreiner http://www.ris.jku.at 6/16



Examplelass Reord {String key; int value;Reord(String k, int v) { key = k; value = v; }boolean equals(String k) { boolean e = key.equals(k); return e; }publi stati int searh(Reord[℄ a, String key) {int n = a.length;for (int i=0; i<n; i++) {Reord r = new Reord(a[i℄.key, a[i℄.value); // opy of a[i℄boolean e = r.equals(key); // a[i℄.equals(key) illegalif (e) return i;}return -1;}publi stati void main() {Reord[℄ a = new Reord[10℄;for (int i=0; i<10; i++) a[i℄ = new Reord("ab", i);int i = searh(a, "ab");System.out.println(i);}}Wolfgang Shreiner http://www.ris.jku.at 7/16



Conrete Spei�ation LanguageTyped higher-order prediate logi.ProofNavigator syntax (inherited from CVS/PVS).FORALL(i:INT): 0 <= i AND i < n => a0[i℄.key /= k0Program variables.x  OLD x, x ′
 VAR x.State types, onstants funtions, prediates.STATE(T), NOW, NEXT, EXECUTES�s , VALUE�s , . . .Method spei�ationsrequires . . . assignable . . . signals . . . ensures . . . dereasesCode annotationsLoops: invariant . . . dereases . . .Statements: assert . . .Tradition of JML et al, extended by an expliit notion of states.Wolfgang Shreiner http://www.ris.jku.at 8/16



Examplepubli stati int searh(Reord[℄ a, String key) /*�requires var a /= Reord.nullArray;ensures(LET result=VALUE�NEXT, a0=VAR a, n=Reord.length(a0), k0=VAR key INIF result = -1 THENFORALL(i:INT): 0 <= i AND i < n => a0[i℄.key /= k0ELSE0 <= result AND result < n AND a0[result℄.key = k0ENDIF);�*/{ int n = a.length;for (int i=0; i<n; i++){ Reord r = new Reord(a[i℄.key, a[i℄.value);boolean e = r.equals(key);if (e) return i;}}Wolfgang Shreiner http://www.ris.jku.at 9/16



TheoriesAutomatially generated theories.theory BaseMiniJava types and operations.lass C  theory C .Classes as reords.Named theories (user-de�ned).File Theory.theory.Abstrat datatypes et.Loal theories (user-de�ned)./*� theory { ...} �*/ lass CLoal de�nitions inside a lass.Building bloks for spei�ations.Wolfgang Shreiner http://www.ris.jku.at 10/16



Exampletheory Reord uses java.lang.String, Base { // generated from lass ReordReord: TYPE = [#key: java.lang.String.String, value: Base.int#℄;null: Reord; nullArray: ARRAY Base.int OF Reord;length: (ARRAY Base.int OF Reord) -> Base.nat;}theory Stak { // file Stak.theoryElem: TYPE = INT; Stak: TYPE;empty: Stak; ons: (Elem, Stak) -> Stak;isempty: PREDICATE(Stak);IE: AXIOM FORALL(s: Stak): isempty(s) <=> s=empty;}/*�theory uses Reord, java.lang.String { // file Reord.javaReord: TYPE = Reord.Reord;String: TYPE = java.lang.String.String;notFound: PREDICATE(ARRAY INT OF Reord, INT, STRING) =PRED(a:ARRAY INT OF Reord, i:INT, key: String):(FORALL(i:INT): 0 <= i AND i < Reord.length(a) => a[i℄.key /= key);} �*/lass Reord {...}Wolfgang Shreiner http://www.ris.jku.at 11/16



The SoftwareIntegrated environment built on top of the Elipse SWT.Provides graphial user interfae and editing framework.Analyze view.Console.Plain text output.Soure ode editor.Syntax highlighting, spei�ation text folding, error annotations.ative identi�ers.Files/Symbols and Tasks/Open tasks.Symbols and tasks linked to soure.Verify view.Embeds the RISC ProofNavigator.Details view.State relations of method bodies.Wolfgang Shreiner http://www.ris.jku.at 12/16



Internal OperationConstruts/maintains the internal model of the program/spei�ation.Annotated abstrat syntax trees.Nodes linked to soure ode positions.Identi�ers linked to symbols.Terms linked to types.State relations linked to ommands.Symbol tables.Colletions of symbols introdued in same sope.Symbols linked to abstrat syntax tree nodes.Veri�ation tasks.Organized in nested folders, linked to abstrat syntax tree nodes.Currently: type-heking tasks, spei�ation tasks, frame onditiontasks, postondition tasks, invariant tasks.Missing: preondition tasks, termination-related tasks.Wolfgang Shreiner http://www.ris.jku.at 13/16



Task ManagementFramework for generation and maintenane of tasks.Tasks organized in nested folders.Corresponding to soure ode struture.Linked to soure ode positions.Strategies may be assoiated to tasks.Currently: automati deision by CVCL and manual veri�ation.Tasks may be translated to proving problems.E.g. postondition task → state logi problem → lassial logiproblem → RISC ProofNavigator problem.Translation to logial problem on program variables/states,translation of program variables to mathematial onstantsonsidering the problem frame, translation to ProofNavigator format.Proofs are persistent.Stored in RISC ProofNavigator format.Reused in new RISC ProgramExplorer invoations.RISC ProofNavigator dependene ontrol maintains trust status.Wolfgang Shreiner http://www.ris.jku.at 14/16



Demonstration

Wolfgang Shreiner http://www.ris.jku.at 15/16



Current State and Further WorkSoftware in alpha2 status.Reasonably stable (tested with toy examples only).Classes: a. 120 ProgramExplorer, 100 ProofNavigator, 300 syntax.Lines of ode: about 130K with omments (perhaps 60-70K without).Website and user manual.Still presenting the alpha1 status (April 2010).Further work:Preondition/assertion heking.Forward/bakward propagation of onditions.Termination alulus.Cheking loop termination terms and reursive method measures.First funtionality-omplete prototype expeted by summer 2011.Wolfgang Shreiner http://www.ris.jku.at 16/16


