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possibility to demonstrate that ¬P ⇒ Q and ¬Q ⇒ P are equivalent, that is P ∨ Q
is identical to Q ∨ P . On the other hand, definition of P ∨ Q is an example justifying
our assertion that every goal is true under false hypotheses (refer section 2.2). Indeed, let
us consider the proposition btrue ∨ Q. To have the definition of or corresponding to the
natural notion, we want this statement to be always true. That is:

btrue ∨ Q ⇔ btrue

According to the ∨ symbol definition, this is written:

btrue ∨ Q ⇔ ¬(btrue) ⇒ Q
⇔ bfalse ⇒ Q

It is thus necessary to consider that bfalse ⇒ Q is always true.

The reader will find in the B-Book a list of the propositional operators key properties. We
shall give here a few properties - less basic but selected for their importance when using
Atelier B:

• (bfalse ⇒ P ) ⇔ btrue

• (btrue ⇒ P ) ⇔ P

• (P ⇒ btrue) ⇔ btrue

• (P ⇒ bfalse) ⇔ ¬P

2.4 Quantified predicates

In order to express the properties of our components written in B language, we will need
additional concepts. For example, we might have to demonstrate a property on a loop
index:

indice ∈ 1 . . 10 ⇒ indice < MAXINT

Many operators still don’t write this. First we need the notion of variable.

• Variable: any non predefined identifier is a variable, built according to several rules
and using letters, digits and 1.

In Atelier B and for implementation reasons, single letter variables are not allowed (these
are Jokers, refer section 6.2.2). The concept of variable enables us to introduce a key
notion, the universally quantified predicate. If v is a variable and P a predicate, we have
the following construction:

• ∀v.P (read for all v, P .)
1the specific syntactic rules defining a variable are stated in the B language reference manual [?]
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We say that the P predicate is quantified by the universal quantification ∀v . We also
say that the range of the v quantified variable is the P predicate. Let us examine a few
examples of quantified predicates:

∀xx.(xx ∈ N ∧ xx < 10 ⇒ xx < 100)
∀var.(var = 10 ⇒ var < 100)

Let us note that for typing reasons all universally quantified predicates must follow
this form: ∀v.(P ⇒ Q) 2.

An other key remark: the quantified variable name is of no consequence. We say
that a quantified variable is a dummy variable. For example :

∀xx.(xx = 10 ⇒ xx < 100)
is equivalent to
∀yy.(yy = 10 ⇒ yy < 100)

The range of the x dummy variable in ∀x.P is only the P predicate. Specifically variables
bearing the same name can be used without conflict in other predicates. For example :

xx = 2000 ∧
∀xx.(xx = 10 ⇒ xx < 100)

This predicate indicates that the xx ”external” variable is worth 2,000 and also that any
number equal to 10 is smaller than 100. There is no confusion between the ”external”
variable occurrence and that of the dummy variable. Although correct, such writing leads
to confusion and must be avoided.

Inference rules relating to universally quantified predicates are slightly more complex as
they call on the notion of non free variable in an expression, a notion we shall not study
in this chapter. The main rule - restricted to predicates of the ∀x.(P ⇒ Q) form - is as
follows:

• To demonstrate ∀x.(P ⇒ Q) under the HYP hypotheses, if the x variable is not
used in HYP, we only have to demonstrate Q under the HYP,P hypotheses.

This rule, called generalization rule means that to prove that Q is true for any x variable
verifying P , we only need a x variable verifying P and to prove Q under these hypotheses.
There is indeed a problem if the x variable has already been used with another meaning
in the hypotheses: we then have to rewrite ∀x.(P ⇒ Q) using an other variable. Such
predicate rewriting call on the notion of substitution that will not be developed in this
mathematical introduction.

2Additionally, the type controller in Atelier B expects quantified predicates under the syntactic form:
∀v.(P ⇒ Q) where P is a predicate typing all introduced variables
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Chapter 3

The Prover: an introduction

This part is aimed at B language and Atelier B users knowing the principles of proof but
who have never used Atelier B Prover. This is a ”guided tour” to show where Atelier B
functions are and where their documentation is located.

A summary of the major concepts :

proof is used to find errors
proving is not programming

proof can be partly automated
the Prover cannot demonstrate that an obligation is false
the rule database is the set of the Prover mathematical knowledge
proof mechanisms select rules to be used
the Automatic Prover designates the database and mechanisms
forces Fast, 0, 1, 2, 3 are levels of mechanisms

a proof obligation has a status: Proved, Unproved
proof commands control the Prover in automatic as well as interactive mode
a PO has a level of automatic demonstration
a PO has an interactive demonstration

the overall tool structure: an Automatic Prover, commands, automatic or interactive control
control mode is selected through the start menu

global situation window displays POs list
commands are entered through control window

communication between the Interactive Prover and its interface is in line mode
using the interface buttons is equivalent to entering commands

directing the proof without adding non-validated knowledge
manual demonstration may use validated rules
user rules are non-validated rules

11
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3.1 Practical approach

3.1.1 An example

We first need an object to prove. You can take the following example.

MACHINE
DemoExample

VARIABLES
few, many

INVARIANT
few ⊆ N ∧
many ⊆ N ∧
few ⊆ many

INITIALISATION
few,many := {1,2,3},{2,3,4}

END

This component is purposely false: initialization does not establish the invariant as {1,2,3}
is not included in {2,3,4}. It therefore produces a false proof obligation which allows us
to find the error. We must never forget that proving is used to find errors in B sources.
Nonetheless this example will allow us to make a tour of the proof tool. Let us also
remember that proving is only used to validate software developed with B method and is
not in any way a programming activity. It seems advisable to insist on this point as the
user is often tempted to consider proofs as programs to be corrected and optimized - a
state of mind leading to lengthy waste of time.

3.1.2 Automatic proof

Start the type-checker and the proof obligation generator associated with this component.
Then launch the Automatic Prover (force 0):

XXXXXXXXz
H

HHHHHj

Prove...

Atelier B

component

Automatic (force 0)
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Note the messages displayed in the start-up window. + indicate successful proofs while -
failed ones. When the session ends, the Prover prints the final proof status:

Proving DemoExample

Proof pass 0, still 3 unproved PO

clause Initialisation
++-

End of Proof
Initialisation Proved 2 Unproved 1

TOTAL for DemoExample Proved 2 Unproved 1

You have just launched the Automatic Prover under force 0 (these terms will be explained
later on). Out of the three proof obligations generated for this component, two have been
automatically demonstrated and you no longer have to pay attention to these nor to what
they verify. If all our component proof obligations had been demonstrated in the same
way, nothing else would be needed: the component would be completely proved without
further action of the user - cost of this proof phase being nil. But the user could request
a written mathematical demonstration for each proof obligation to have the produced
software certified but he/she would not do this for all obligations. To sum up, proving is
at times fully automated.

In our example, one obligation is left undemonstrated. Then, either the component is true
but the Prover has not found one of the demonstrations or the component is false and the
remaining false obligation points to the error. Indeed we are in the second case as our
component is intentionally false; the remaining false obligation is caused by {1, 2, 3} not
being included in {2, 3, 4}. Why does the Prover not clearly state that this demonstration
is evidently false ? In fact, invalidating a proof obligation is a theoretically much more
difficult task than demonstrating it, as values verifying the hypotheses must be selected -
not the conclusions. This is why there is not at this moment an automated tool checking
false proof obligations, notably when the Prover has not been designed to do so. We will
then have to view this PO in order to check it is false. We will do this later.

How were the first two automatic proof obligations performed? We will now present the
basic concepts in order to understand the Prover operation. Then we will be able to use
it for interactive demonstrations.

• rules library: the set of rules making up the Prover mathematical knowledge. Roughly,
these rules are instructions allowing the Prover to transform formulas. For example,
a rule stating that any formula of the a+b form can be replaced with b+a (addition
commutability).

• proof mechanism: Several rules can apply in a specific situation - their selection will
have an influence upon the demonstration pattern. Let us resume with the previous
example: we know that a+b can be rewritten as b+a, but this does not tell us if the
current demonstration will benefit from this transformation. Proof mechanisms are
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heuristic procedures enabling such choices. The mechanism of reduction of equalities
is a significant example: when several variables are equal, this mechanism enables a
minimum set of variables to express proof obligation.

• proof core: a set made up of the mathematical rules library and proof mechanisms.
Proof obligations that have been directly successful are demonstrated by the proof
core.

• force: Fast, 0, 1, 2, 3 : the Automatic Prover mechanisms are grouped in compatible
sets called forces (refer section 4.2). The higher the force, the longer the proof - which
can loop - but the more powerful it will be. Of all available forces, force 0 is the best
compromise between performance and rapidity: it is the one to be used first.

Previously, we launched on each proof obligation the Automatic Prover in force 0, that
is using force 0 mechanisms. Successful demonstrations are only the application of rules
extracted from the rule database as selected by force 0 mechanisms.

3.1.3 The interactive Prover

To study the remaining proof obligation, we are now entering the Interactive Prover. Select
your component as specified below:

XXXXXXXXz
XXXXXXz

Prove...

Atelier B

component

Interactive

Atelier B main window is iconized and the Interactive Prover global situation window
is displayed. The iconization of Atelier B main window can be understood from the
importance of proof activities in a B project: the interface tries helping user concentration
by displaying proof as an activity on its own. The displayed window is as follows:



THE PROVER: AN INTRODUCTION 15

DemoExample INTERACTIVE PROOF

Initialisation
....PO1 Proved
....PO2 Proved
....PO3 Unproved
End

This diagram shows key parts only: the title - “DemoExample INTERACTIVE PROOF”
and the list of proof obligations (the various areas and buttons will be explained later
on).A first remark: the Proved or Unproved status for each obligation is saved - this is
crucial to know when proof is ended.

Click twice on “PO3 Unproved” to positionise the interactive proof on this proof obligation.
Two additional windows are displayed and the screen is now as follows:
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DemoExample Initialisation.3

PO list

commands

DemoExample Initialisation.3 GOAL

goal

interactive area

DemoExample Initialisation.3 HYPOTHESIS

hypotheses

In the goal area, at the end of the line we read: 1 ∈ {2, 3, 4} (the beginning of the line is
a comment). This is the false goal that exposes the error, and in a rather analytic way.
This is due to element 1 that {1, 2, 3} is not included in {2, 3, 4}. Warning: if you have
selected the ASCII default mode, goal 1 ∈ {2, 3, 4} is displayed as 1 : {2, 3, 4} because “:”
is the ASCII symbol for membership. ASCII characters are required to enter formulae on
a standard keyboard even when the interface can display mathematical fonts.

In the interactive area, enter pr and carriage return after the PRI> marker. Proof for
this obligation then starts and fails on a goal which is always false: bfalse. With the
pr command, you have launched the automatic Prover in standard force (force 0); this
is similar to what we performed in automatic mode. The Automatic Prover is always
available in interactive mode but it is not the only available command. There are other
proof commands enabling to specifically apply a rule, to prove by cases, etc. All these
commands are made up of two letters and are named in our documentation by a more
explicit keyword. There is thus DoCases : dc, or ApplyRule : ar, and so on.

• proof commands: are commands controlling the proof. These can be calls to the
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Automatic Prover (like command Prove, pr) or direct proof actions (such as apply
a deduction Deduction, dd). Proof commands that each proof obligation can use are
saved by the tool in a way we will later examine.

What we call the Interactive Prover is in fact a mode to control the automatic Prover
where the Prove (pr) command is applied on every proof obligation. On the contrary,
an interactive demonstration enables the user to select by himself/herself which proof
commands are to be used to demonstrate an obligation. The series of selected commands
is then saved together with the proof status - this is the interactive demonstration. In
automatic mode, it is enough to save the maximum force for each obligation - for an
obligation, this is the automatic proof level.

3.1.4 Overview of the proof tool

The overall operation of the proof tool (Automatic Prover and interactive Prover) can be
understood on the following diagram:

�
�

�
�Automatic Prover

'

&

$

%
Proof commands

�
�

�
�Automatic

Prover

�
�

�
�Interactive

Prover
�

�
�

��	

@
@

@
@@R

When using the Interactive Prover, an interface enables you to send commands to the
Prover. One of these is Prove (pr), that launches the Automatic Prover on current goal.
You then have at your immediate disposal automatic proof mechanisms. When using the
Automatic Prover, all component proof obligations are processed, either by applying a pr
command or by replaying all recorded commands. In this case, these are the commands
recorded during the last interactive session for all proof obligations. The global start menu
of the proof tool is as follows:
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Prove. . . -

Unprove
Automatic (replay)
Automatic (force 3)
Automatic (force 2)
Automatic (force 1)
Automatic (force 0)
Automatic (fast)
Interactive

Let us examine this menu:

Interactive : launches the Prover in interactive mode. The various commands (moving
between proof obligations, proof commands . . . ) are entered by the user.

Automatic : launches the Prover in automatic mode on all the component unproved
proof obligations. Using “force 0” to “force 3” options, the automatic Prover mech-
anisms are applied in each of the successive forces from 0 to 3 till the stated force.
With the ”Fast” option only, the Fast option is used. With these options, the sole
command in use is pr. But with the replay option, the sequence of interactively
recorded commands for each lemma is replayed.

Unprove : resets all proof obligations of the component to “Unproved” status .

3.1.5 The main windows in detail

We will now describe the Interactive Prover global situation window, that displays the
proof obligations list:
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Window command

Number of PO

Saved

Quit button

Component’s proof

line 

(2)

(3)

(21)

(23)

(22)

(32)

(31)

(1)

not yet proved

Component name

Position menus bar

(4)

obligations list

Help

(24) Move Buttons

Current PO status

(5)

(6)

demonstration
(33)

Interrupt

PO management

area

Current PO

management  area

The window various areas are as follows:

1 The component name displayed in the window label bar.

2 The PO management area groups all items dealing with the component as a set.

21 The proof obligations meter displays the number of lemmas not yet proved. This
area turns green when the component is entirely proved.

22 The position menus bar is used to set the display of the proof obligations list, to
use the special Goto such as GotoWithoutsave, etc. The Show/Print button is
used to print or save as a file the interactive proof elements.

23 The list gives the component proof obligations sorted by clausula, with their
status. A double-click on a proof obligation is equivalent to a Goto on this
proof obligation.

24 Move buttons are used to control position. Next moves to the next unproved
proof obligation, Goto accesses a proof obligation specified in the list. Mathe-
matical Demo writes in a file the proof obligation demonstration.
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3 Current proof obligation management area groups all items specific to the current proof,
that is the obligation specified by the previous Goto. It holds:

31 The current PO status, that is its status (Proved, Unproved) in the current
demonstration and its status in the saved demonstration.

32 The window command line holds all proof commands performed on current PO,
indented according to the proof tree.

33 The saved demonstration holds the command line saved for this proof obligation.

4 The Help button launches the Prover online documentation.

5 The Quit button stops the Prover.

6 The Interrupt button stops the last interactive proof command. It is used mostly to
interrupt a looping Prove or ApplyRule command. This button is not accessible
when the Prover is expecting a user command - as is the case on this image).

Let us examine the central window elements - a window that displays the goal and where
we can enter the proof commands:

(1)

(3)

(4)

(2)

Goal area

Proof 
control

Command

area
line

Component name, operation name and PO number

This window elements are as follows:
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1 The goal area: holds current goal displayed in a scroll-bar window. This area turns
green when the demonstration is successful. The proof control then reads Proved.

2 the command line area where you enter all commands. There are four types of com-
mands:

• Action commands: the proof commands as such. The most frequently used are:

– Prove (pr): calling the Interactive Prover.
– AddHypothesis (ah): adds an hypothesis, demonstrable using the current

hypotheses.
– ApplyRule (ar): direct use of a Prover rule or of an added one.
– DoCases (dc): launches a proof by cases.
– useEqualityinHypothesis (eh): uses an equality as hypothesis.
– SuggestforExist (se): proposal for a goal of the form: ∃x.P .
– ParticularizeHypothesis (ph): particularization of an hypothesis of the form:
∀x.P .

– FalseHypothesis (fh): refutes a contradictory hypothesis.

• Position commands: these do not advance the proof but are used to move back
or replay saved commands.

• Information commands: no action on the proof. They are used to search and
display all information required to demonstrate a PO. For this type, key com-
mands are Search Hypothesis, to search an hypothesis according to a specified
filter and Search Rule, to search for a rule in a rules library.

• “Finalization” commands: demonstration generalization, interrupting a looping
proof, requesting to stop a successful demonstration, etc.

All exchanges between Prover and its interface are displayed in this command line
area. In the next section we will examine this key notion.

3 The proof control, displaying Proved when current demonstration is successful.

4 The window top title displays the component name, the name of the operation from
which stems the proof obligation and the number of this obligation.

3.1.6 Exchanges with the interactive Prover

The proof tool is formed by two parts, the interactive Prover itself and its man ma-
chine interface.

The Prover performs commands (proof or information commands). The man / machine
interface displays results and conveys your commands to the Prover. Dialog with the
Prover is reduced to interactions of the type: commands for the tool / tool answers. This
command mode interaction is fully displayed in the command line area. For example,
when in the global situation window you press the Next button, the interface conveys a ne
command (for Next) to the Prover just as if you had entered ne in the command line area.
The Prover performs the command then it returns the current status as lines of text that
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the interface distributes among its windows - while leaving a trace in the answer, visible
in the command line area.

So, the interactive proof interface always simulates a line mode dialog with the Prover,
a dialog the user can directly hold from the command line area. All operations can
be performed from this area (proof command, positioning, ...) but the syntax of each
command must be known. Type help to obtain the list of available commands. These
commands are always made up of two minus letters , the first two of the mnemonic make
up the command.

For example:

The Search Hypothesis command is written sh

When the mnemonic is made up of one word only, the command takes its two first letters,
as in ne for Next or qu for Quit. These commands are often taking up arguments such as
Goal, AllHyp (use of these keywords could be avoided by using dialog buttons).

3.2 The interactive proof principle

How can commands previously discussed help an automatic proof succeed, where others
failed ? How can you drive a proof to success using these commands? These are the
questions answered in the present section. An example will illustrate such control.

We will demonstrate the following lemma:

xx ∈ 1 . . 10 ∧
yy ∈ 2 . . 10 ∧
zz ∈ 3 . . 10
⇒
max({xx, yy, zz}) ≤ 10

We assume that the interactive Prover mechanisms won’t be up to demonstrate this. To
demonstrate this lemma, we must make three cases according to the maximum, be it xx,
yy ou zz. The user can start a first case by a DoCases command:

dc(max({xx, yy, zz}) = xx)

The proof then proceeds for max({xx, yy, zz}) = xx, then for max({xx, yy, zz}) 6= xx. It
is possible that these two cases can be demonstrated by the Interactive Prover mechanisms
- we shall assume this and in this case the proof is successful. A user action launching
a proof by case was sufficient to enable the demonstration.

This example was aimed at making it understood that an interaction within a proof can
bring it to success through the Interactive Prover mechanisms, without introducing any
non-validated mathematical information. In fact you drive the proof by adding your
intuition, then by launching the Prover again till a new failure or a success. To use an
image from F. Meija, the user ”plays billiards” with the Prover mechanisms.
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It is evident that a good intuition of what the mechanisms will be up to is useful for this
type of interactive proof. If we have to prove:

xx ∈ N ∧
yy ∈ N ∧
yy ≤ 10 ∧
xx + 1− 8 ≤ yy
⇒
xx + 1− 8 ≤ 10

The automatic Prover mechanisms can fail on such a lemma as they first try to simplify the
goal, that becomes xx ≤ 17. It is then much more difficult to see the relation with the key
hypothesis xx + 1− 8 ≤ yy. If the user sees this ill-selected simplification, he/she decides
to act before calling the Automatic Prover (we will see the format of theses rules and how
they are found using SearchRule). Let us assume that there is a rule: “OrderXY.77” that
can demonstrate our PO. The command to apply it is ApplyRule - we will not describe its
syntax nor our rule syntax here. The command entered would be, for example:

ar(OrderXY.77,Once)

The proof is successful. We are now dealing with a fully manually proof, without a call to
the Automatic Prover and without adding any rule.

In some cases, it may be that the specific rule required for the proof is absent from the
Prover database and that no other demonstration method is successful. The rule must
then be added as a manually rule.

If manually rules have been used to prove a component, this rule can be false if some rules
are false. It is then a rule outside the security bounds of Atelier B Prover - but validating
this proof is simply validating user rules which is simpler than validating the proof itself.
The number and complexity of these rules must then be small as compared to the size of
the initial machine. Practically, this is done by occasionally using user rules together with
the Prover security mechanisms. User rules are thus solved within sub-goals. User rules
are written in the theorical language, in the component.pmm file. This file is fully written
by the user, the tool does not create it by default so that the proof is not be validated if
this file is missing.

To explain the interactive proof principle, we needed to review the rule concepts, rule
application command, . . . without any details. This will be done in chapter 6.

3.3 Conclusion

You now know how to use Atelier B Prover - and by what principles the proof obligations
which automatic demonstration fails can be interactively demonstrated. The remaining
part of this Manual insists more on proof methodology than on the description of various
commands. A B project proof must indeed be conducted with a method.

Before using the Interactive Prover to demonstrate your project proof obligations, read
chapter 4. By starting the formal proof directly you might waste a lot of time on non-key
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proof obligations and then discover errors whose correction invalidate previous proofs.

The Interactive Prover commands are fully described in the Prover Reference Manual.
It is not necessary to read this reference completely in order to use the Prover, as the
commands are described in chapter 6, in order of importance.Then you can consult the
Reference Manual according to the needs.



Chapter 4

General method

4.1 Proof phases

What are the proof activities involved when developing a software project using the B
method and Atelier B? This point will be studied from an example: we assume a project
made up of one sole abstract machine (specification) and of its implementation (the con-
crete program). The project will most certainly be built up in the following manner:

1. Write the abstract machine according to schedule;

2. Check need correct formalisation;

3. Launch the Automatic Prover on this abstract machine;

4. When not automatically demonstrated proof obligations remain, quickly check that
they are true. If some are false, the abstract machine is non-coherent and must be
corrected;

5. Write the implementation;

6. Read again this implementation in relation with the abstract machine;

7. Launch the Automatic prover on the implementation;

8. When undemonstrated proof obligations remain, check that these are true. If some
are false, implementation is not correct and must be corrected;

9. Using the interactive Prover, demonstrate formally the remaining proof obligations
in the abstract machine and in the implementation.

In the above development process, steps 3, 4, 7, 8 and 9 are proof steps. We see that the
full formal proof is performed at the end: lengthy demonstrations must be avoided while
components might have to be modified. This is why there are two separate phases in a
B proof activity: components tuning-up by checking proof obligations and final formal
proof.

25
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This separation remains whatever the development method used. Note that in steps 3 and
7 we must use the interactive Prover in a fast configuration (force 0, refer next §) as we
must wait for its completion to proceed to the following step.

It is crucial to know whether we are in a tuning-up phase or a final proof one. This phase
method can be understood through the following diagram:

�
�

�
�END

?
no

�
�

�
�Do false PO remain?

?

FORMAL PROOF: ch. 6

formally
demonstrate the PO not

automatically demonstrated

?
yes

�
�

�
�checking completed?

?

TUNING-UP: ch. 5

modify so that
PO not automatically

demonstrated ”appear” true

�

6

no

?

-
yes

6

Warning: What we call ”tuning-up” implicitly means tuning-up from the proof point of
view. In this Manual, we will not deal with the global methods of writing and checking B
language projects.

Must we complete the final tuning-up of all components before proceeding to the formal
proof phase? Must we completely tune-up a component before writing the following one?
This point will be developped later, as it depends on the project size and structure. All
we can say is that you must not wait until you have written all the project components
before tackling proof problems, and a component formal proof must not be started too
early.

During formal proof phase, we assume we will not have to adapt the components, except
when a proof obligation accepted as true is in fact false. In this case, the impact of
modifications on already performed demonstrations could produce delays. This
is why the tuning-up phase is so crucial.
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Moving between proof phases is very tricky. During such moves, beware of the following
traps:

• Ensure that components do have their final form before the formal proof
phase. It is indeed commonplace to write components in a reduced or incomplete
way and plan a finishing step. This must be done before the formal proof.

• In a formal proof phase, ensure that all proof obligations can be assumed
to be true. Indeed, if a false proof obligation is discovered during the formal
proof phase, the user is then tempted to proceed with this phase after modifying a
component, whereas it is compulsory to make a new tuning-up phase.

4.2 Using the Prover forces

A user never expects a computer to design and create programs by itself - as the computer
cannot guess what is to be obtained. On the contrary, what is to be obtained here
is clear: we want demonstrations of statements to be proved using a set of known rules.
Unfortunately, there is no algorithm that would produce the demonstration for any correct
statement - automatic demonstrators, and therefore specifically Atelier B apply a set of
more or less heuristic strategies that can fail or succeed. When we succeed a demonstration,
it is correct but the failure of a strategy does not prove that the statement is false.

A major difference between proof and other more standard tasks such as program design
is thus this possibility to succeed through the automated process of a computer. This is
why it is always advisable to launch the automatic Prover on projects to be demonstrated
whatever the required CPU time, in parallel with manual proof operations.

Strategies used in automatic proof are usually all the greedier in computing time as they
are able to find complex demonstrations. Moreover, the most thorough strategies can
induce infinite loops in the demonstrations. This is why the various strategies of Atelier
B Prover are grouped in force. These various force are as follows:

Force Aproximate time per lemma performance
0 always less than 10 seconds 70%
1 from a few seconds to 2 or 3 minutes +1%
2 from a few minutes to several times ten minutes +3%
3 from several times ten minutes to several hours +1%

“Fast” less than 3 seconds 30%

Times stated above are a mere rating, they mainly relate to the first proof obligations in
each operation. The following proof obligations have indeed many hypotheses in common
with the first ones and this hypotheses process is factored. Performances are just a rating
and given in percentage of obligations demonstrated in a full “standard” project. Perfor-
mances of forces 1, 2 and 3 are specified as a gain according to the previous one because
force 1, 2 and 3 are always used in a sequence starting with force 0. Thus the higher forces
can only deal with lemmas not demonstrated in inferior force - this saves CPU time and
limits the danger of inducing infinite loops. The ”Fast” force is used singly.
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Force 0 is considered as the optimum balance between efficiency and computing time.
This is the force to use to try to demonstrate proof obligations even before reading these,
in order to restrict their number. These are indeed very numerous - a mean value is
a proof obligation per executable code line produced. The ”Fast” force does not have
sufficient performances for this task. Forces 1, 2 and 3 are used in parallel during tuning-
up and formal proof phases in the hope that some proof obligations will be automatically
demonstrated before having been manually processed.

The Atelier B Prover forces are used according to the following principles:

• Use force 0: never examine a proof obligation before attempting to prove it with
the Automatic Prover in force 0.

• “Use” your computers: if you have at your disposal idle computers on which
Atelier B has been installed, it is always useful to launch on these the Automatic
Prover in force 1, 2 or 3 to demonstrate your project true proof obligations.

• Do not wait: do not wait for the Automatic Prover in force 1, 2 or 3 to have
completed processing your project to start tuning-up or formal proof phases.

The Automatic Prover is also used for interactive proof. This might seem a paradox, but
what we call an interactive proof is in fact semi-automatic, where user actions come in
between calls to the Automatic Prover. We shall then have to select a force used also for
interactive proof, it conditions all operations of the Automatic Prover in manual demon-
strations. Most of the time, it is advised to use force 0; force 1 is also used sometimes.
We will examine this point in chapter 6.

4.3 Well definition lemmas

It is possible to write expressions that look like mathematical expressions but have no
meaning: for example max(∅). We wrongly use the max operator that is defined only
for at least a non-empty set of integers. Such expressions can cause problem when using
automatic proof with inference rules. We will only approach these problems from their
practical consequences. The mdelta tool allows to check a posteriori that a B project
doesn’t contain ill-defined expressions (refer to the Mdelta Tool User Manual) This check
is perfomed by generating well definitions lemma. Most of the time, these well definition
lemmas are obvious, it is enough to read them quickly to check them. If one of these
lemmas is false then:

• Either there are ill-typed expressions within the component under proof: in principle
this always induces a false proof obligation that the Prover does not demonstrate.

• Or one of the expressions added in the course of the interactive proof is meaningless.
Warning: in this case, the proof is not valid (it is nonetheless seldom successful).

The type check of B components discards most of the possibly ill-formed expressions. The
remaining problems pertain to the proof and are:
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• card(E) when E is not a finite set.

• the max(E), min(E) expressions when E is empty or when E has no maximum nor
minimum.

• the f(x) expressions when x does not belong to the f domain, or when f is a relation
but not a function.

• divisions by a potentially null expression.

• size(s), tail(s), etc. when s is not a sequence, such as size({2 7→ 3}).



30 Interactive Prover - User Manual



Chapter 5

Tuning-up phase

The key concepts introduced in this chapter are:

Global method: after a re-reading and proof in force 0 of the component, review and examine all POs.

To view a PO, use the PO viewer or the Interactive Prover.
With the Prover: select PO, enter dd, use search functions.

Reviewing obligations must first lead to the difficult POs.
The list of obligations is parsed backwards, from the end to the beginning.
Obligations can be reviewed in several phases: quick, final or quick, simplification, final.

A proof obligation is examined in five steps: reading the goal, justification, selecting key hypotheses,
intuitive demonstration, notes and tests.
When examining an obligation, the B component must be available.
Reading the goal: it must be interpreted; the verified constraint must be isolated.
Justification: use the component’s physical meaning.
Selecting the hypotheses: search at the other end and use the Prover search functions.
Intuitive demonstration: start again with the justification and check used rules.
Notes and tests: note down tentative simplifications and attempt a quick demonstration.

Simplifying a component expression can facilitate its proof.
Every true project is not necessarily demonstrable: under clumsy approaches, it can produce over-
complicated proofs.
Divide a project again to simplify its proof.
Write the expressions in the Prover normalized form.
Try and display literal qualities.
Try and write arithmetical expressions under their canonical form.

The quick proof of a PO must be attempted by setting a time-frame.
First try the Predicate Prover.
Do not try and prove more than 5 commands at one shot.
Attempt to generalize a quick demonstration to other obligations.

Obligations with complex expressions can be read by using the Prover as a simplifying tool.
Existential goals are processed using SuggestforExists, at times they mark an excess of uncertainty within
the component.
Abstract existential goals express the inaccurate expression of an abstract constant.
Undivided goals are often caused by disjunctions.

When a false proof obligation is found, it must be corrected before proceeding.
You must check that the obligation is indeed false as it is not always the case.
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