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1. Background

“Why we start to teach Formal Methods?”

In 2015, Ohnishi participated in a joint research project with a private company 
supported by Japanese government.

On the project, Ohnishi was tasked with teaching formal methods at his school.
He has learned about the formal method B-Method from the staff of the company.

We launched the student experiments since 2019, struggling with any constraint.
We set the educational goal for the experiments as giving opportunities to commit 
a formal method as the software engineer’s fundamental knowledge.
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1. Background

◆ 4th-grade class of our college (Age of 18-19)
・Whole member (at most 40) of the class (since 2019)
・Mandatory experiments
・140min./week x 3weeks (“x 2weeks” until 2024)
・No knowledge nor experience about formal method
・Few knowledge nor experience about logical mathematics

◆ Short-time lectures other than our class
・No knowledge nor experience about formal method, logical mathematics

→ Simultaneous conducting both the experiment and the lecture
provided the improvement of our methodology.
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ProB Ver.1.9.3
(Heinrich Heine University 

Düsseldorf, Germany)

Atelier B Ver 4.5.5
（ClearSy, France）

Formal specification
Proof obligation generating Model checking

1. Background

Our experiments include all of : 
Formal specification
Proof obligation generation
Model checking

We set the educational goal for the experiments 
as giving opportunities to commit a formal method 
as the software engineer’s fundamental knowledge.

The Levels of formal methods usage 
Level-0: Formal Specification
Level-1: Formal Development and Formal Verification
Level-2: Theorem Provers

Hehner, E.C.R.: Computer Science - Formal Methods,
https://computingstudy.wordpress.com/formal-methods/
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Obtained answer 
of deductive logic puzzle

Onoda H.: 
Logic Puzzle Best 100, 
PHP(2015),
ISBN:978-4-569-82545-8

Deductive logic puzzle
with tacit knowledges

Formal specification

Wylie, C. R.. 
101 Puzzles in Thought & Logic,
Dover Publication, 1957

Deductive logic puzzle
with tacit knowledges

2. Experiment Week 1 Single-state formal models “Deductive logic puzzles”
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Onoda H.: 
Logic Puzzle Best 100, 
PHP(2015),
ISBN:978-4-569-82545-8

Deductive logic puzzle
with tacit knowledges

Formal specification

Deductive logic puzzle

A tacit knowledge
in the logic puzzle

2. Experiment Week 1

9



Onoda H.: 
Logic Puzzle Best 100, 
PHP(2015),
ISBN:978-4-569-82545-8

Deductive logic puzzle
with tacit knowledges
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2. Experiment Week 1
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3. Our idea 1 : Fountain of logic expressions

Aristotle, Descartes, Spinoza, Freud, 
Kant, Rousseau, Saint-Just, Bentham, 
Hume, Pascal, Schopenhauer, Nietzsche, 
… 2017’s General Baccalaureate Exam

Philosophy (Major of Natural Sciences)  
Exam duration: 4 hours
《Dissertation (Philosophy Essay Question)》
1. Is defending one’s rights the same as defending 

one’s profits?
2. Is it possible to be free from one’s own culture?

Freedom, Art, Truth, Reason, Morality, History, 
Technology, Justice, Happiness, Language, ...

Compared to Japan, France ranks lower 
in terms of statistics for unemployment, 
homicide, traffic accidents, and obesity, 
but it scores higher in terms of well-being. 
In other words, people there feel happier.

This is because, when taking their university 
entrance exams, French students use 
“models of thought” in their philosophy exams 
to develop the ability to think for themselves 
and overcome challenges.

Deductive logic puzzle

Source (References)

Sakamoto T.:
The Philosophy of Happiness in the Baccalaureate
—Lessons in Philosophical Thinking 

from French High School Students—,
Seikaisha Shinsho(2018),
ISBN:978-4-06-51132-8

Philosophy Exam Questions

Fountain of
logic expression

Onoda H.: 
Logic Puzzle Best 100, 
PHP(2015),
ISBN:978-4-569-82545-8

Serendipitously inspired 
from European education
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Constraint

Possible 
relationships

Proposition by natural language (Commented out)

Logical predicate written in B-Method

Deductive
logic puzzle

Outer products

Correct

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Incorrect

Correct

3. Our idea 1 : Fountain of logic expressions

Fountain of
logic expression
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Copy & paste

Fountain of
logic expression

Solution 
space

Solution space
limitation 20,000

Solution space
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Formal specification

Model checking

Correct

Correct

3. Our idea 1 : Fountain of logic expressions

Observation of the reduction 
of solution space
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Aim of kidʼs short-time lecture
“Explicitation of tacit knowledges”

Slides of introduction “What is Logic?”

3. Our idea 1 : Fountain of logic expressions
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Question from the test 
of the lecture “Logic Circuit”

Correct answer of the question

4. Experiment Week 2

Our “poor idea” for teach multi-state formal models 
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Refinement

Becomes such that
substitution

Generate code of C language

Question from the test 

State transition tables 

Abstract machine 
component 

Refinement component
Implementation component 

IF conditional
substitution

Result of PO proving 

4. Experiment Week 2

Refinement of the test “Logic Circuit” formal model
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5. Our idea 2 : Error capable model

Normal systems
made by formal methods

： Safe states

： States where
safety cannot
be guaranteed

Our “better idea” for multi-state formal models 
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： Safe states

： States where
safety cannot
be guaranteed

Normal systems
made by formal methods Boundary rigidly defined by logical predicates

5. Our idea 2 : Error capable model
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： Safe states

： States where
safety cannot
be guaranteed

： Transitions to 

5. Our idea 2 : Error capable model
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： Safe states

： States where
safety cannot
be guaranteed

： Initial state

： Designed as
“Error state”

： Transitions directly
from        to 

Second boundary that encloses “Error states”

5. Our idea 2 : Error capable model
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： Safe states

： States where
safety cannot
be guaranteed

： Initial state

： Designed as
“Error state”

： Suppressed transitions
(from        to       )

： Redirected transitions
to 

5. Our idea 2 : Error capable model

24



Reset buttonError capable model

： Safe states

： States where
safety cannot
be guaranteed

： Initial state

： Designed as
“Error state”
(Transition is locked)

5. Our idea 2 : Error capable model
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Reset button

： Safe states

： States where
safety cannot
be guaranteed

： Initial state

： Designed as
“Error state”

Error capable model

5. Our idea 2 : Error capable model
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Reset button

： Safe states

： States where
safety cannot
be guaranteed

： Initial state

： Designed as
“Error state”

Error capable model

5. Our idea 2 : Error capable model
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Asserted
LTL expressions

VM Model to be 
repaired by students

Model for management
visual interface

操作の指⽰、リセットOperation or Reset

Model for comparison
Compare state variables

Display state variables or
Lock when “error”

PO generating

Model checking

Reset button

Correct VM model for verify

Applying the concept “error capable model” for Vending Machine formal model

6. Experiment Week 3



Research Center for Verification and Semantics,
National Institute of Advanced Industrial Science and Technology (AIST): 
Model Checking -Elementary Course-, NanoOpt Media(2009), 
ISBN:978-4-7649-5505-9

Visual interface of Vending Machine model

6. Experiment Week 3
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Reset button

Stock levels for juice

Power switch

State of maintenance door

Display for stored value/
Coin insertion slot/Coin return lever

Product selection buttons

Product dispensing slot Coin return slot

Refilling products buttons

Research Center for Verification and Semantics,
National Institute of Advanced Industrial Science and Technology (AIST): 
Model Checking -Elementary Course-, NanoOpt Media(2009), 
ISBN:978-4-7649-5505-9

Visual interface of Vending Machine model

6. Experiment Week 3
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Display locked “error” state
(Only reset is acceptable.)

Reset button

Research Center for Verification and Semantics,
National Institute of Advanced Industrial Science and Technology (AIST): 
Model Checking -Elementary Course-, NanoOpt Media(2009), 
ISBN:978-4-7649-5505-9

Visual interface of Vending Machine model

Error capable model

6. Experiment Week 3
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Specification
of Vending Machine model

28 items

◆ (8) Static states, relationships between the item and the predefined name
◆ (11) Dynamic behaviors
◆ (7) Functions of visual interface animation by ProB, requirements for animation, 

relationships between the item and the predefined name
◆ (2) Requirements for model checking with the usage of LTL expression by ProB, 

relationships between the item and the predefined name

6. Experiment Week 3
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Specification
of Vending Machine model

◆ (8) Static states, relationships between the item and the predefined name
◆ (11) Dynamic behaviors
◆ (7) Functions of visual interface animation by ProB, requirements for animation, 

relationships between the item and the predefined name
◆ (2) Requirements for model checking with the usage of LTL expression by ProB, 

relationships between the item and the predefined name

6. Experiment Week 3
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Specification
of Vending Machine model

◆ (8) Static states, relationships between the item and the predefined name
◆ (11) Dynamic behaviors
◆ (7) Functions of visual interface animation by ProB, requirements for animation, 

relationships between the item and the predefined name
◆ (2) Requirements for model checking with the usage of LTL expression by ProB, 

relationships between the item and the predefined name

2 additional items to introduce “error capable model”

6. Experiment Week 3
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◆ (5) State variables of Vending Machine
◆ (2) Output variables of Vending Machine 
◆ (1) State variables for model checking

Variables
of Vending Machine model

1 additional variable to introduce “error capable model”

6. Experiment Week 3
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1 additional operation to introduce “error capable model”

◆ (1) Operation for animation
◆ (11) Operations for Vending MachineOperations

of Vending Machine model

6. Experiment Week 3
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DEFINITIONS
ASSERT_LTL1  == "G({power = off}             => {inserted_coin = 0})";
ASSERT_LTL2  == "G({maintenance_door = open} => {inserted_coin = 0})";
ASSERT_LTL3  == "G(e(power_turn_on) => {power = off})";
ASSERT_LTL4  == "G([power_turn_on] => X({power = on}))";
ASSERT_LTL5  == "G(e(power_turn_off_return_inserted_coin) => {power = on})";
ASSERT_LTL6  == "G([power_turn_off_return_inserted_coin] => BA({(power = off & inserted_coin = 0 & returned_coin = inserted_coin$0)}))";
ASSERT_LTL7  == "G(e(coin_insert) => {maintenance_door = closed})";
ASSERT_LTL8  == "G([coin_insert] => BA({(power$0 = on  & (juiceA_stock$0 > 0 or juiceB_stock$0 > 0) & inserted_coin$0 : 0..2) => (inserted_coin = inserted_coin$0 + 1                    )}))";
ASSERT_LTL9  == "G([coin_insert] => BA({(power$0 = on  & (juiceA_stock$0 > 0 or juiceB_stock$0 > 0) & inserted_coin$0 = 3   ) => (inserted_coin = inserted_coin$0     & returned_coin = 1)}))";
ASSERT_LTL10 == "G([coin_insert] => BA({(power$0 = on  &  juiceA_stock$0 = 0 &  juiceB_stock$0 = 0                          ) => (inserted_coin = inserted_coin$0     & returned_coin = 1)}))";
ASSERT_LTL11 == "G([coin_insert] => BA({ power$0 = off                                                                        => (inserted_coin = inserted_coin$0     & returned_coin = 1)}))";
ASSERT_LTL12 == "G([coin_insert] => BA({(returned_coin$0 = 0) => (inserted_coin$0 + returned_coin$0 + 1 = inserted_coin + returned_coin)}))";
ASSERT_LTL13 == "G(e(return_inserted_coin)=>{power = on})";
ASSERT_LTL14 == "G([return_inserted_coin] => BA({(inserted_coin = 0 & returned_coin = inserted_coin$0)}))";
ASSERT_LTL15 == "G([return_inserted_coin] => BA({(returned_coin$0 = 0) => (inserted_coin$0 + returned_coin$0 = inserted_coin + returned_coin)}))";
ASSERT_LTL16 == "G(e(remove_returned_coin_dispensing_slot) => {returned_coin /= 0 or dispensing_slot /= empty})";
ASSERT_LTL17 == "G([remove_returned_coin_dispensing_slot] => X({returned_coin = 0 & dispensing_slot = empty}))";
ASSERT_LTL18 == "G(e(press_juiceA_button)=>{power = on & juiceA_stock > 0 & inserted_coin > 0 & maintenance_door = closed})";
ASSERT_LTL19 == "G([press_juiceA_button] => BA({inserted_coin = 0 & returned_coin = inserted_coin$0 - 1 & juiceA_stock = juiceA_stock$0 - 1 & dispensing_slot = juiceA}))";
ASSERT_LTL20 == "G([press_juiceA_button] => BA({(returned_coin$0 = 0) => (inserted_coin$0 + returned_coin$0 - 1 = inserted_coin + returned_coin)}))";
ASSERT_LTL21 == "G(e(press_juiceB_button)=>{power = on & juiceB_stock > 0 & inserted_coin > 0 & maintenance_door = closed})";
ASSERT_LTL22 == "G([press_juiceB_button] => BA({inserted_coin = 0 & returned_coin = inserted_coin$0 - 1 & juiceB_stock = juiceB_stock$0 - 1 & dispensing_slot = juiceB}))";
ASSERT_LTL23 == "G([press_juiceB_button] => BA({(returned_coin$0 = 0) => (inserted_coin$0 + returned_coin$0 - 1 = inserted_coin + returned_coin)}))";
ASSERT_LTL24 == "G(e(refill_juiceA_stock) => {maintenance_door = open})";
ASSERT_LTL25 == "G([refill_juiceA_stock] => X({juiceA_stock = 5}))";
ASSERT_LTL26 == "G(e(refill_juiceB_stock) => {maintenance_door = open})";
ASSERT_LTL27 == "G([refill_juiceB_stock] => X({juiceB_stock = 5}))";
ASSERT_LTL28 == "G(e(open_maintenence_door ) => {maintenance_door = closed})";
ASSERT_LTL29 == "G([open_maintenence_door]  => BA({(inserted_coin = 0 & returned_coin = inserted_coin$0 & maintenance_door = open   )}))";
ASSERT_LTL30 == "G([open_maintenence_door]  => BA({(returned_coin$0 = 0) => (inserted_coin$0 + returned_coin$0 = inserted_coin + returned_coin)}))";
ASSERT_LTL31 == "G(e(close_maintenance_door) => {maintenance_door = open  })";
ASSERT_LTL32 == "G([close_maintenance_door] => X({                                                        maintenance_door = closed  }))";
ASSERT_LTL33 == "G({inserted_coin > 0} & {reset_pass = not_passed} => F({returned_coin > 0} or {dispensing_slot /= empty} or {reset_pass = passed}))";
ASSERT_LTL34 == "({returned_coin = 0}&{dispensing_slot = empty})U{inserted_coin = 0}";

ASSERT_LTL35 == "G([power_turn_on] => BA({(power$0 = off) => (power = on)}))"; // check01
ASSERT_LTL36 == "G([coin_insert] => BA({(power$0 = on & juiceA_stock$0 = 0 & juiceB_stock$0 = 0) => (returned_coin = 1)}))"; // ckeck02
ASSERT_LTL37 == "G([coin_insert] => BA({(power$0 = on & (juiceA_stock$0 > 0 or juiceB_stock$0 > 0)) => inserted_coin > 0}))"; // check03
ASSERT_LTL38 == "G([coin_insert] => BA({(power$0 = on & (juiceA_stock$0 > 0 or juiceA_stock$0 > 0) & inserted_coin$0 = 3) => (returned_coin = 1)}))"; // check04
ASSERT_LTL39 == "G([coin_insert] => BA({(inserted_coin$0 = 3) => (returned_coin = 1)}))"; // check05
ASSERT_LTL40 == "G([press_juiceA_button] => BA({(inserted_coin$0 > 0 & juiceA_stock$0 > 0) => (juiceA_stock = juiceA_stock$0 - 1 & returned_coin = inserted_coin$0 - 1 & dispensing_slot = juiceA)}))"; // check06(a)
ASSERT_LTL41 == "G([press_juiceB_button] => BA({(inserted_coin$0 > 0 & juiceB_stock$0 > 0) => (juiceB_stock = juiceB_stock$0 - 1 & returned_coin = inserted_coin$0 - 1 & dispensing_slot = juiceB)}))"; // check06(b)
ASSERT_LTL42 == "G([coin_insert] => BA({(power$0 = off ) => (returned_coin = 1)}))"; // check07
ASSERT_LTL43 == "G([power_turn_off_return_inserted_coin] => BA({(power$0 = on) => (power = off)}))"; // check08
ASSERT_LTL44 == "G([power_turn_off_return_inserted_coin] => BA({(inserted_coin$0 > 0) => (power = off & returned_coin = inserted_coin$0)}))"; // check09
ASSERT_LTL45 == "G({inserted_coin > 0} & {reset_pass = not_passed}=> F({returned_coin > 0} or {dispensing_slot /= empty} or {reset_pass = passed}))"; // check10
ASSERT_LTL46 == "G({(power = off) => (inserted_coin = 0)})"; // check11
ASSERT_LTL47 == "G({inserted_coin : 0..3})"; // check12

47 LTL expressions
(some overlap)

Asserted LTL expressions
for Vending Machine model

Research Center for Verification and Semantics,
National Institute of Advanced Industrial Science and Technology (AIST): 
Model Checking -Elementary Course-, NanoOpt Media(2009), 
ISBN:978-4-7649-5505-9

◆ (34) Check items made by the authors
◆ (13) Check items written in the textbook

All LTL expressions
are proved by ProB

6. Experiment Week 3

38



DEFINITIONS
ASSERT_LTL40 == 

"G([press_juiceA_button] =>
BA({(inserted_coin$0 > 0 & juiceA_stock$0 > 0) => 

(juiceA_stock = juiceA_stock$0 - 1 & returned_coin = inserted_coin$0 - 1 & dispensing_slot = juiceA)}))"; 

Check item 6： When the product selection button is pressed, the machine will perform as follows:
(1)(a)：When the product selection button for Juice A is pressed: When there is one or more cans of Juice A in stock,

dispense one can of Juice A into the product dispensing slot and return the necessary change to the coin return slot.

(Meaning of ASSERT_LTL40)：
When the operation “press_juiceA_button” is executed, the preconditions and post conditions written below are always satisfied:

Precondition： “Inserted coin is greater than zero” and “Stock of Juice A is greater than zero.”
Post condition： “Stock of Juice A is reduced by one” and 

“Number of returned coins is equal to the number of inserted coins minus one” and
“Juice A in present in the product dispensing slot.”

◆ (34) Check items made by the authors
◆ (13) Check items written in the textbook

A check item
and an LTL expression
for Vending Machine model

Research Center for Verification and Semantics,
National Institute of Advanced Industrial Science and Technology (AIST): 
Model Checking -Elementary Course-, NanoOpt Media(2009), 
ISBN:978-4-7649-5505-9

6. Experiment Week 3
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DEFINITIONS
ASSERT_LTL40 == 

"G([press_juiceA_button] =>
BA({(inserted_coin$0 > 0 & juiceA_stock$0 > 0) => 

(juiceA_stock = juiceA_stock$0 - 1 & returned_coin = inserted_coin$0 - 1 & dispensing_slot = juiceA)}))"; 

(Meaning of ASSERT_LTL40)：
When the operation “press_juiceA_button” is executed, the preconditions and post conditions written below are always satisfied:

Precondition： “Inserted coin is greater than zero” and “Stock of Juice A is greater than zero.”
Post condition： “Stock of Juice A is reduced by one” and 

“Number of returned coins is equal to the number of inserted coins minus one” and
“Juice A in present in the product dispensing slot.”

With the usage of Before-After 
temporal logic operator (BA),  
we can write LTL expressions 
with preconditions/post 
conditions since ProB 1.12.

An LTL expression
for Vending Machine model

6. Experiment Week 3
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Procedure of experiment

Understand the behavior of correct model

Be passed the broken model

Repair the model

Note all the process of repairing

Check the behavior of broken model
・PO generating (Atelier B)
・LTL expressions（ProB)

In early model checking,
students can observe
the state explosion.

6. Experiment Week 3
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Understand the behavior of correct model

Be passed the broken model

Repair the model

Note all the process of repairing

Check the behavior of broken model
・PO generating (Atelier B)
・LTL expressions（ProB)

Note all the process of repairing, using Excel, and report.
→ How to detect defect locations 

・ProB animation interface 
・Atelier B PO generation
・ProB LTL expression proving

Procedure of experiment

6. Experiment Week 3
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Scene of experiment Week 3

6. Experiment Week 3
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process of repairing VM model

6. Experiment Week 3

A sample of student’s report

44



process of repairing VM model
6. Experiment Week 3
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◆ 8 defects are introduced in the Vending Machine model.
◆ The difference in the result does not indicate the difference of ability 

between the proof obligation generation and the model checking.
◆ Due to the state explosion problems in early model checking by ProB, 

the teacher has instructed the students to generate proof obligations by Atelier B first.

6. Experiment Week 3

Student’s defect locations detection of Vending Machine model

First trial experiment Week 3 in 2025
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7. Students' questionnaire survey of experiment Week 1-3

Survey questions for the Level of formal method usage 

The Levels of formal methods usage 
Level-0: Formal Specification

Formal specification may be undertaken 
and then a program developed from this informally.

Level-1: Formal Development and Formal Verification
Formal development and formal verification may be used 
to produce a program in a more formal manner.

Level-2: Theorem Provers
Theorem provers may be used 
to undertake fully formal machine checked proofs.

Hehner, E.C.R.: Computer Science - Formal Methods,
https://computingstudy.wordpress.com/formal-methods/

Araki K.:New Trends in Formal Methods : 
Formal Methods : Past, Present and Future 
-Toward Practical Applications -, 
Magazine of IPSJ, IPSJ, 49(5), 493‒498(2008), 
https://ipsj.ixsq.nii.ac.jp/records/60933

Refine the Levels of formal method usage,
and make learning goals for experiment
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7. Students' questionnaire survey of experiment Week 1-3

Making the survey questionnaires
Every Weeks

Week 1       Week 2       Week 3

・About Atelier B
・About ProB
・About the whole of B-Method

Make the survey questionnaires
with mapping from learning goals  

Result of the survey questionnaires
http://www.asahi-net.or.jp/~ny9t-oons/b-method_english.html
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Week 1    Week 2    Week 3

7. Students' questionnaire survey of experiment Week 1-3

Every week’s student’s survey questions.
“Do you think you were able to have the opportunity 

to commit a formal method as the software engineer’s fundamental knowledge?”

We set the educational goal for the experiments 
as giving opportunities to commit a formal method 
as the software engineer’s fundamental knowledge.

Survey question for educational goal 
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7. Students' questionnaire survey of experiment Week 1-3

Every week’s student’s survey questions.
“Do you think you were able to have the opportunity 

to commit a formal method as the software engineer’s fundamental knowledge?”

We set the educational goal for the experiments 
as giving opportunities to commit a formal method 
as the software engineer’s fundamental knowledge.

Survey question for educational goal 

51

“Why we start to teach Formal Methods?”

On the project, Ohnishi was tasked with teaching formal methods at his school.

・ It seems that the educational goal is achieved, but 
there are some abilities to improve the methodology.

・ We acknowledge and regret that we have never 
evaluated student’s competence in long term.
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Difference between “programing” and ”modeling”

"Sokoban (Warehouse keeper) ", 
https://en.wikipedia.org/wiki/Sokoban

Aim of kidʼs short-time lecture
“Necessity for preconditions”

8. Our expected direction
Applying “Fountain of logic expression”
to multi-state formal models
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Fountain 
of Logic Expressions

Error capable model

Aim of kidʼs short-time lecture
“Necessity for preconditions”

8. Our expected direction
Applying “Fountain of logic expression”
to multi-state formal models
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(1) Introducing the formal method, B-Method since 2019
・Mandatory 3-week experiments of Japanese technical college
・Short-time lectures other than our class

→ Simultaneous conducting both of two provided the improvement of our methodology.

(2) Experiments of Japanese technical college
・Week 1: Single-state formal models “Deductive logic puzzles”
・Week 2: Multi-state formal models “Test of logic circuit”
・Week 3: Multi-state formal models “Vending Machine” (concept “Error capable model” applied)
・Students' questionnaire survey

・Introduced from the level of formal method usage, deriving learning goals, referring our educational goal
→ It seems that the educational goal is achieved, but there are some abilities to improve the methodology.
→ We acknowledge and regret that we have never evaluated student’s competence in long term.

(3) Serendipitous ideas of our activity
・Idea 1: Fountain of logic expressions
・Idea 2: Error capable model

(4) Our expected direction
・Applying “fountain of logic expression” to multi-state formal models

9. Summary 
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