Formal reasoning over
class models using TOMM
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What is TOMM?
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What is our domain?
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What is our inspiration?

Formal Verification
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What is formal validation?

**Definition of class
diagram validation**

Is this diagram valid?
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How do we formalize a class diagram?

# Classes

**Class Diagram ] CLS(Paper, classifier)
Predicates** How dO we formallze CLS(Researcher, classifier)

this diagram?
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ATR(Paper, title, String,
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ATR(Researcher, isStudent, boolean,
£, E)

CLS(c,t)

Paper
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wordCount: int
OPR(c,0,t,v,s,P) studentPaper: boolean

TYPE(t) manuscript | 1 1 | submission # Relations
REL(Researcher, Paper, Association,
REL(s,d t, Writes Reviews Writes, manuscript, 1, 1)
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Writes, author, 1, 2)
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How do we document requirements?

**ConSpec** What are the parts of
a Clause?

Example

Clause:

* Number: crl
Activity: review paper
Actors;

* Researcher

Legal contracts Preconditions Preconditions:

RSD IEEE Activity conditions e Paper must have authors
Postconditions * If researcheris not author
Consequences then review paper
Design by Contract Dependencies Consequences :

* Change reviewer

Clause:
e Number
Activity

Actors

Hoare Logic




How do we express requirements?

ontrolled Natural Language
**SpeCNL**
ontext Free Grammars

&’ Parts of Speech @ Concepts @ Sentences

Verbs Modals e Structural
Nouns Comparators Comparison
Adjectives Entities Cardinality
Numbers Attributes Conditional

Actions Type




How useful is SpeCNL?

pliyell

Requirements

http://nlrp.ipd.kit.edu

Category

Length

Domain

Ships

Trains

ATM Simulation
ACME Library
Library

Steam-Boiler

Laws of Chess

Whois Protocol

Light Control System

Academic
Academic
Academic
Academic
Publications
Publications
Publications
Real System
Real System

49 words
78 words
750 words
16 pages
217 words
10 pages
18 pages
100 words
13 pages

Transportation
Transportation

Banking

Business

Business

Hardware

Gaming

Communication protocol
Hardware




How do we formalize requirements?

**Specification If researcher is not author then review paper
Predicates™*
PRECONDITION
NON(paper; CONDITION
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CONSEQUENCE( if CASE then CONSEQUENCE
review, paper |
) | | |
ENTITY NDITION_MODE CONDITIONAL VBB ENTITY
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author
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How do we know if two things are the same?

**Semantic Transitive
Equivalence** Reflexive

wl=w2

Customer = Client????

Researcher = Investigator

Symmetric , ,
Reviewer = Revisors

wl=wl reviewer = REVIEWER




How do we validate soundness?

**Soundness
Axioms**

CLS(Researcher, classifier) ACTOR(Investigator)

STRUCTURAL_SENTENCE(

ATR(Paper, title i
(Paper, title) Paper, must, have, title)

OPR(Researcher, review, {Papers}) ACTOR(Researcher) A
ACTIVITY(review, papers)

TYPE SENTENCE(Revisors, are,

INH(Researcher, Reviewer)
Researchers)

Researcher = Investigator wl=w2

Reviewer = Revisors



How do we validate completeness?

**Completeness
Axioms**

ACTOR(Investigator)

STRUCTURAL_SENTENCE(
Paper, must, have, title)

ACTOR(Researcher) N
ACTIVITY(review, papers)

TYPE SENTENCE(Revisors, are,
Researchers)

Researcher = Investigator
Reviewer = Revisors

CLS(Researcher, classifier)
ATR(Paper, title)

OPR(Researcher, review, {Papers})

INH(Researcher, Reviewer)

wl=w?2




How do we automate formal reasoning?

**T4TOMM**
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What is coming next?

Publications Formal Reasoning

* Paper about generation and comparison (TOMM) Improve SpeCNL and ConSpec grammars

* Paper about automated reasoning (TATOMM) Extend formalization to support OCL

Extend validation theory to support OCL

Develop theories for sequence and other UML
diagrams

Evaluation Tool Improvements

Propose benchmark for tool evaluation Web-based user interface

* Enhancementof data collection L
Containerization




Thanks!!!

Juan Jose Mendoza Santana
jjm20@st-andrews.ac.uk




