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0 Verified Software Development with the B-Method

0 A practical introduction to the formal software
developments

O specification,
O verification,
O refinement

0 On an example from the railway domain



0 All consultations are online, at
https: / /tuke.webex.com/meet/stefan.korecko

0 Friday, May 7: from 9:00 to 10:30

0 Monday, May 10: from 9:00 to 10:30

0 Tuesday, May 11: from 16:00 to 17:00

0 Wednesday, May 12: from 15:30 till 16:30

0 Friday, May 14: from 10:00 till 12:00


https://tuke.webex.com/meet/stefan.korecko

0 Atelier B
O https: //www.atelierb.eu/en/download/

0 Java JDK

O http: //www.oracle.com /technetwork /java /javase /downloads
/index.html

0 BKPI Compiler
O https: / /hron.fei.tuke.sk /~korecko /VVS /BKPICompiler.zip

0 TS2JavaConn/TrainDirector Toolset

O hitps: / /hron.fei.tuke.sk /~korecko /VVS /alllnOneTDTS 2J.zip

0 Course package
O https: / /hron.fei.tuke.sk /~korecko /VVS /coursePackage.zip



https://www.atelierb.eu/en/download/
http://www.oracle.com/technetwork/java/javase/downloads/index.html
https://hron.fei.tuke.sk/~korecko/VVS/BKPICompiler.zip
https://hron.fei.tuke.sk/~korecko/VVS/allInOneTDTS2J.zip
https://hron.fei.tuke.sk/~korecko/VVS/coursePackage.zip

O

State based, model-oriented

For software development

Based on

Zermelo-Fraenkel set theory

Dijkstra's weakest precondition calculus

Sophisticated development process

Specifica’rion componen’rs = B-machines (refinements, implementations)

abstract formal specification -> implementation (code)

proof of correctness

Concept: close to class in OOP

state variables +

invariant (restricts the variables) +
operations (modify the variables) +
constants, sefs ...



- TS2JavaConn /TrainDirector Toolset

Train Director
TS2JavaConn
How it works

Scenarios for the course



Centralised traffic control simulator

Modified by us

0 Enhanced
communication
interface

O Internal logic
disabled

to create and
simulate
scenarios

O layout + schedule

| Train Director 3.7g 0.1c - trat3k1v3sek.trk -
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1 Communication between Train Director and control modules

0 Generation of control module templates

o Java, B language, Perfect

158

File Setting Help

TS2JavaConn v. 1.24
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Project dir : |Module
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O reactive system

0 Java application (developed using FM) +
configuration file

[0 getters
O signals, switches, (sections)

0 methods responding to events from TD
® requestEnter
® requestGreen
® sectionleave
® sectionEnter
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Control module

public class Controller3way3secTr {

public Controller3way3secTr() {
this.trN = new CntrlSimpleTrack(1);
this.trD = new CntrlSimpleTrack(2);
this.trS = new CntrlSimpleTrack(3);
this.cntrl3waytrack = new

— Cntrl3WayTrack(); }



Train Director
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Control module
public class Controller3way3secTr {

public Controller3way3secTr() {
this.trN = new CntrlSimpleTrack(1);
this.trD = new CntrlSimpleTrack(2);
this.trS = new CntrlSimpleTrack(3);
this.cntrl3waytrack = new

— Cntrl3WayTrack(); }



Train Direct

TS2JavaConn

TS2JavaConn v. 1.24 -coEl
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entrylndexStationName=S_%name%
requestGreen=reqGreen
requestGreenParams=%SIGNALS%,%STATIONS.f%

Control module

public class Controller3way3secTr {

public Controller3way3secTr() {
this.trN = new CntrISimpleTrack(1);
this.trD = new CntrlSimpleTrack(2);
this.trS = new CntrlSimpleTrack(3);
this.cntrl3waytrack = new
Cntrl3WayTrack(); }



TS2JavaConn
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sigState=%int%
siglndex=SIGNALS
getSignalNames=getSig
getSignalParams=%SIGNALS

Control module

public class Controller3way3secTr {

public Integer
getSig(Controller3way3secTr.SIGNALS sg)

public Integer
getSwch(Controller3way3secTr. SWITCHES sw)

public void
reqGreen(Controller3way3secTr.SIGNALS sg_data,
Controller3way3secTr.STATIONS st) {



n Director

multiCommand
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sigState=%int%

sigindex=SIGNALS

signalGreenState=1

Control module

public class Controller3way3secTr {

public Controller3way3secTr() {
this.trN = new CntrISimpleTrack(1);
this.trD = new CntrlSimpleTrack(2);
this.trS = new CntrlSimpleTrack(3);
this.cntrl3waytrack = new
Cntrl3WayTrack(); }

1< getSig(sig1)
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View Help
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Control module

public class Controller3way3secTr {

public Controller3way3secTr() {
this.trN = new CntrlSimpleTrack(1);
this.trD = new CntrlSimpleTrack(2);
this.trS = new CntrlSimpleTrack(3);
this.cntrl3waytrack = new

 — Cntrl3WayTrack(); }



Train Director
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Control module

public class Controller3way3secTr {

public Controller3way3secTr() {
this.trN = new CntrlSimpleTrack(1);
this.trD = new CntrlSimpleTrack(2);
this.trS = new CntrlSimpleTrack(3);
this.cntrl3waytrack = new

 — Cntrl3WayTrack(); }
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Formal Specification and
Verification in B-Method

Development process

B-language

B-machine



{chhine }

refines

\ 4

[Refinemen’r 1 }

lreﬁnes

lreﬁnes

[Refinemen’r n }

refines

A4

[Implemen’ra’rion J




0 Expressions and Predicates
O mathematical notation
0 based on first-order logic and Zermelo-Fraenkel set
theory
0 Operations
0 Generalized Substitution Language (GSL)

0 based on E.W. Dijkstra's Guarded commands and
Weakest Precondition Calculus

11 Documentation supplied with Atelier-B
o0 B Language Reference Manual
® Detailed description

o B Lanugage Keywords and Operators (B Symbols)

m ASCII vs. mathematical notation



Empty GS (do nothing).

Assignment of value of expression e to variable x.
Sequential composition (do GS S,, then GS S,).
Parallel composition (do S; and S, at once).

PRE E THEN S, END If predicate E holds, do S,. Otherwise, do anything.
SELECT E THEN S, END If E holds, do S,. Otherwise, do not execute.

L S S BT S B TR S D R I E holds, do S,. Otherwise, do S..

(selected)



skip]P ~ P

x := e]P ~ P[x:=e]

[PRE E THEN S END P ~ E A[S]P

'SELECT E THEN S END ]P ~E= [S]P

[S;: S, 1P = [$41[S,]P

[IFETHEN S, ELSES, END P~ (E = [S,]P) A (—E = [S,]P)

(selected)



skip || T =T

x:=E|[|y:=F ~x,y:=EF

(PREPTHEN SEND) | | T ~ PREPTHEN S || T END
(SELECTETHENSEND) || T ~ SELECTETHEN S || T END (*)
(IFETHEN S, ELSES,END) || T  =IFETHENS;|| TELSES,|| TEND  (*%)

(*) holds if S always terminates.
(*) holds if S; and S, always terminate.

(selected)



N

" MACHINE M(p)
CONSTRAINTS C 0 VARIABLES is
SETS St ABSTRACT _VARIABLES
CONSTANTS k O we can also have CONCRETE_VARIABLES
PROPERTIES Bh 7 CONSTANTS is
VARIABLES v CONCRETE_CONSTANTS
DEFINITIONS D O we can also have ABSTRACT_CONSTANTS
INVARIANT |
INITIALISATION T
OPERATIONS
y<op(x) =
PRE P THEN S END
END

o v




Task 1: Machine Specification

1. Get familiar with the B-machine
route’Z2sec.mch

O in \controllers\route2sec\Binthe course

package
[ route2sec.mch

2. Create a new B-machine route3sec.mch
for the scenario route3sec
O in scenari1o0sin the course package

{ route3sec.mch

0 Do the steps in separate Atelier B projects.
0 Don’t forget about the safety properties.



N

" MACHINE M(p)
CONSTRAINTS C
SETS St
CONSTANTS k
PROPERTIES Bh
VARIABLES v
DEFINITIONS D
INVARIANT |
INITIALISATION T
OPERATIONS

y<op(x) =

PRE P THEN S END
END
o

O Initialisation establishes
the invariant

o(CABh)=[T]!

01 Each operation preserves
the invariant

O(CABhAITAP)=I[S]]

(selected, simplified)



Task 2: Machine Verification

1. Prove both route’2sec.mch and
routel3sec.mch in Atelier B.

2. Do the proof obligation for one of the
regGreen operations manually.

Lrou’rereC.mch } [rou’re3sec.mch }




- Verified Refinement

Implementation
GS allowed in components

Refinement proof obligations



4 R @ N
MACHINE M(p) IMPLEMENTATION M_i(p)
CONSTRAINTS C REFINES M
SETS St SETS St1
CONSTANTS k CONCRETE_CONSTANTS k1
PROPERTIES Bh VALUES VkI1
VARIABLES v PROPERTIES Bh1
DEFINITIONS D VARIABLES w
INVARIANT | DEFINITIONS D1
INITIALISATION T INVARIANT J
OPERATIONS INITIALISATIONTI1

y<«—op(x) = OPERATIONS
PRE P THEN S END y—op(x) =
BEGIN ST END
END
N y \END /




65 [Machino [Refinement _|implomentation
yes yes

yes

yes yes yes
no yes yes
yes yes no
PRE E THEN S, END yes yes no
SELECT E THEN S, END yes yes no
IF E THEN S, ELSE S, END  p¥V%3 yes yes
WHILE EDO S ... END no no yes

(selected)



4 N [ N
MACHINE M(p) IMPLEMENTATION M_i(p)
CONSTRAINTS C PROPERTIES Bh1
PROPERTIES Bh VARIABLES w
VARIABLES v INVARIANT |
INVARIANT | INITIALISATION T1
INITIALISATION T OPERATIONS
OPERATIONS y<—op(x)=

y<«—op(x) = BEGIN S1 END
PRE P THEN S END
END END
& AN v

0 Initialisation establishes the invariant
0 (C ABh A Bhl )= [T1](—([T] = J))

0 Each operation preserves the invariant
O(CABhABhRT AITAJAP)=[STUAAS] = (J A Y'=Y)))

(selected, simplified)



Task 3: Machine Refinement

1. Get familiar with the implementation routeZsec 1.imp.
O in \controllers\route2sec\Bin the course package

2. Refine the B-machine route3sec.mch for the scenario
route3sec in asimilar way.

O in scenarios inthe course package
3. Verify the implementation.

4. Compile the implementation with
BKPI Compiler and try with TS2JavaConn/TrainDirector

[rou’rerec.mch } {rou’re?:sec.mch }

refines refines
\ 4 A\

[rou’re2sec_i.imp } [rou’re3sec_i.imp }




Task 4: Deadlock Free Controller

1. Specify and verify a deadlock free version of the
controller for the scenarios route3sec and
route3sec deadlck.

2. Refine it to an implementation and verify the
implementation.

3. Compile the implementation with BKPl Compiler and
try with TS2JavaConn/TrainDirector

{rou’reBsech.mch }

refines
\ 4

[rou’reBsech_i.imp }




- Modular Specification



0 To access one component from another
1 Only machines can be accessed

Read only to data elements. Seen variables cannot be
used in | of the seeing component. Getter operations can
be called.

Read only but the used variables are allowed in the
using invariant

Read /white. Promoted operations become operations of
the including component

2919 PP INCLUDES with all operations promoted.
As INCLUDES, but in implementations




yes yes

yes
yes no no
INCLUDES yes yes no

EXTENDS yes yes no
IMPORTS no no yes




Task 5: Universal Controller

1. Specity, refine and verify a universal version
controller component for a straight track of n
sections.

® [t should use
1 instead of green
0 instead of red
0 instead of free
1 instead of occup

® Number of sectionsis given as its parameter 1ength
B partial specification is in
\controllers\route3secComp\B
in the course package

[Cn’rrlSimpleTrqck.mch }

refines

\ 4

[Cn’rrlSimpIeTrqck_i.imp }




Task 6: Universal Controller for route3sec

1. Use the developed universal controller to control the
scenario route3sec.

[rou’re3secComp.mch <

includes

\

y

imports
refines

{rou’re?;secComp_i.imp

(Cn’rrISimpIeTrqck.mch }

refines

A4

{Cn’rrlSimpleTrack_i.imp }
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