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· Definitions [ General Class For all definitions ] 

· Philosophical [ ] 

	1. Conotation, Denotation

	Note:
Тут під ім'ям розуміється такий об'єкт, 

якому зіставляється деякий інший об'єкт, 

який називається денотатом імені.  

Це співставлення здійснюється за допомогою 

відношення (відображення) 

денотації (іменування, номінації)

Имя (номинация) обозначает, именует вещь (денотат) и выражает понятие о вещи (десигнат).



	2. Semantic Triangle

	Picture:
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	3. Intensional-Extensional

	Note:
\\Лекція ШІ 31.oct.2005 !!!

Экстенсионалом предикатного выражения называется

класс объектов, которые оно определяет.

Интесионалом - выражаемое свойство предикатного

выражения.

Экстенсионалом предложения целесообразно считать его 

истинностное значение, интенсионалом предложения - 

выражаемое им суждение, мысль.

Содержанием понятия называется совокупность существенных

признаков предмета.

Объем понятия - совокупность предметов, которая мыслиться

в понятии.

Связь между объёмом и содержанием понятия выражается

законом обратного соотношения - увеличение содержания

понятия ведёт к образованию понятию с меньшим объёмом

и наоборот.

Згідно Карнапа:

Екстенсіонал X (Ext(x)) - це множина об'єктів, що 

позначається Х-ом у даному світі.

Інтесіонал Х (Int(x)) - це ф-ція, що по Х обчислює

Ext(x).

Ext(Президент США) = Дж. Буш

Int(Президент США) = в кожному можливому світі обчислює

                     людину, що є президентом США

===========================================================

Intensional and extensional 

"It is common sense to take a method and try it. If it fails, admit it frankly and 

try another. But above all, try something."

? Franklin D. Roosevelt, quoted in Nathan Miller's F.D.R.: 

An Intimate History, p. 263, Doubleday & Co.(1983).

"Aristotle could have avoided the mistake of thinking that 

women have fewer teeth than men, by the simple device of asking Mrs.

 Aristotle to keep her mouth open while he counted."

? Bertrand Russell, ?An Outline of Intellectual Rubbish,? 

Unpopular Essays (1950). 

"I have not failed. I've just found 10,000 ways that won't work."

? Thomas Edison 

"A man who carries a cat by the tail learns something he can learn in no other way."

? Mark Twain 

"Example isn't another way to teach, it is the only way to teach."

? Albert Einstein 

"The value of an idea lies in the using of it."

? Thomas A. Edison 

"Few things are harder put up with than the annoyance of a good example."

? Mark Twain, Pudd?nhead Wilson, ch. 19, ?Pudd?nhead Wilson?s Calendar,? (1894). 

"Genius is one per cent inspiration, ninety-nine per cent perspiration."

? Thomas Alva Edison, Remark by Edison c. 1903. Harper?s (New York, Sept. 1932). 

"Experience: that most brutal of teachers. But you learn, my God you learn."

? C. S. Lewis 

"Principally I hate and detest that animal called man; although I heartily 

love John, Peter, Thomas, and so forth."

? Jonathan Swift, letter, Sept. 29, 1725, to Alexander Pope. 

The Correspondence of Jonathan Swift, vol. 3, ed. H. Williams (1963). 

--------------------------------------------------------------------------------

 Intensional and extensional definitions   

Examples of intensional definitions: 

"Man is a featherless biped" 

"Man is an animal" 

"Even numbers divide by 2, with a null remainder" 

"Extensional definition consists in naming all or a certain number of 

individuals of a set, and adding 'etc.' if necessary" (this constitutes an 

intensional definition of "extensional definition") 

etc. 

Examples of extensional definitions (the paragraph above constitutes an 

extensional definition of "intensional definition"): 

"Man is Alfred, Marie, Albert, Richard, Louis, etc." 

"Even numbers are 0, 2, 4, 6, 8, 10, etc., but not 1, 3, 5, 7, 9, etc." 

etc. 

The paragraph above constitutes a extensional definition of "extensional definition". 

 Extensional orientation   

In mathematics, extensional orientation started immediately as a consequence 

of the structure of the language used. By construction, mathematics does 

not tolerate any exception to its theorems: one single counter-example is 

sufficient to prove that a general proposition is false. On another side, 

no example can prove that a general proposition is right, except if all cases

 were examined. 

In physics, extensional orientation started in fact with Galileo, the first 

experimental physicist. We know the price he paid for developing this orientation.

A second step was reached with Einstein's theories, by the rejection of the

formulations of 'absolute space' and 'absolute time'. Space-time replaced these 

old elementalistic formulations. 

In everyday life, an extensional orientation improves the way we perceive the 

uniqueness of events: it keeps us, for example, from reacting to a present

event as if it were about a past event, the basic mechanism of neurosis. It 

also allows us to broaden our point of view, by leaving room for the un-said, 

the unknown, etc. 

General semantics proposes a certain number of tools promoting this orientation. 

 Typical errors about Intensional and Extensional   

The most usual error can be stated as "intensional is bad, extensional is good."

As with observations and inferences, both are useful and needed. It happens that, 

with the Aristotelian system, we are more trained in intensional orientation than 

in extensional orientation. The practice of general semantics and extensional 

devices should balance that tendency and train us more in the extensional orientation. 

Another rare blunder is to consider that "intensional is inside my head, extensional 

is outside my head," as if what happen inside one's head was only 'abstract.' 

Of course it is not and we have some vivid PET imagery to prove it. The error 

was made in a notorious French book listed in the French bibliography. 



	4. Compositional Definitions

	Note:
1: The syntactic category is specified by an abstract syntax

   giving the basis elements and the composite elements. The

   composite elements have a unique decomposition into their

   immediate constituents.

2: The semantics is defined by compositional definitions of

   a function: There is a semantic clause for each of the

   basis elements of the syntactic category and one for each

   of the methods for constructing composite elements. The

   clauses for composite elements are defined in terms of

   the semantics of the immediate constituents of the 

   elements



	5. Structural Induction

	Note:
1: Prove that the property holds for all the basis elements

   of the syntactic category.

2: Prove that the property holds for all the composite 

   elements of the syntactis category: Assume that the

   property holds for all the immediate constituents of

   the element (induction hypothesis) and prove that it

   also holds for the element itself.



	6. Tuple vs Sequence

	Note:
Последовательность - это упорядоченая совокупность

 однотипных елементов.

Кортеж - это упорядоченая совокупность разнотипных

 елементов,

 может пониматься как элемент декартового произведения



	

	

	8. Definitions of Class

	Note:
1. Algebraic (Abstract Data Types)

2. Set-Theoretic

3. Semantic

3. Intensional?




· Computer Science [ ] 

	1. Requirement

	Note:
Requirements - an agreement between the customer 

and the developer understandable to the customer 

as well as to the developer. 

Requirements specify the main properties of the system to

be developed (its purpose, functionality, conditions of

use, efficiency, safety, liveness, or fairness properties,

etc.) 

Requirement = A text, more or less formal that defines qualities that a system shall or should have.

Note: Requirements should avoid implicit decisions.



	2. Properties of Requirements

	Note:
Requirements - consistent and complete 

The informal understanding of the consistency: 

the existence of an implementation which satisfies 

the requirements. In other words, if requirements are

inconsistent, then an implementation free of errors (bugs)

that satisfies all the requirements cannot be created.

Completeness of requirements: uniqueness of the executable

specification considered up to some equivalence. 

The intuitive understanding of equivalence is as follows:

Two executable specifications are equivalent if they

demonstrate the same behaviors in the same environments.

Completeness can also be expressed in terms of 

determinism of the executable specification 

(requirements are sufficient for constructing a 

unique deterministic model). 

In some cases, incompleteness of requirements 

is not harmful



	3. Specification

	Note:
Specification


Are the translations of the requirements 

in measurable attributes of the system.

A specification is a document 

(on paper or in a computer), 

which defines (specifies) a system. 

It can contain:

-
Requirements on the system,

-
Test Cases to match the requirements,

-
Manuals (specifies operators roles),

-
Definition of environment (enabling systems),

etc.



	4. Universe of Discource

	Note:
The Universe of Discourse


Is the overall context in which the 

software will be developed. 

It includes all the sources of 

information and all the people 

related to the software.  

These people are referred to as 

the actors in this universe of discourse



	5. Requirements Specifications Process

	Note:
      First of all, let?s start with definition of the Software Requirements 

Specification process. There may be different definitions more or less complete. 

The definitions in the work are commonly based on an excellent source for 

definitions in Software Engineering discipline - the IEEE Computer Society 

(http://www.ieee.org, [1][2]). There, the Software Requirements Specification 

process is defined as ?a process results of which are unambiguous and complete 

specification documents?.

      It is accepted to consider the Software Requirements Specifications (SRS) is 

a complete description of the behavior of the system to be developed. It includes a 

set of use cases that describe all of the interactions that users will have with the 

software, numerical values, limits and measurable attributes which may be checked 

on the working system. 

      The SRS is a document (paper or electronic), which defines (specifies) the 

Software System.

      The complete description of the functions to be performed by the software 

specified in the SRS will assist the potential users to determine if the software 

specified meets their needs or how the software must be modified to meet their 

needs [6].

      From the IEEE standard [2]:

      The basic issues that the SRS writer(s) shall address are the following:

*
Functionality. What is the software supposed to do? 

*
External interfaces. How does the software interact with people, the 

system?s hardware, other hardware, and other software? 

*
Performance. What is the speed, availability, response time, recovery 

time of various software functions, etc.? 

*
Attributes. What are the portability, correctness, maintainability, 

security, etc. considerations? 

*
Design constraints imposed on an implementation. Are there any 

required standards in effect, implementation language, policies for 

database integrity, resource limits, operating environment(s) etc.? 

      An SRS should be:

*
Correct 

*
Unambiguous 

*
Complete 

*
Consistent 

*
Ranked for importance and/or stability 

*
Verifiable 

*
Modifiable 

*
Traceable 

      An SRS is correct if, and only if, every requirement stated therein is one 

that the software shall meet.

      There is no tool or procedure that ensures correctness. The SRS should be 

compared with any applicable superior specification, such as a system 

requirements specification, with other project documentation, and with other 

applicable standards, to ensure that it agrees. Alternatively the customer or user 

can determine if the SRS correctly reflects the actual needs. Traceability makes 

this procedure easier and less prone to error.

      An SRS is unambiguous if, and only if, every requirement stated therein 

has only one interpretation. As a minimum, this requires that each characteristic of 

the final product be described using a single unique term. In cases where a term 

used in a particular context could have multiple meanings, the term should be 

included in a glossary where its meaning is made more specific.

      An SRS is complete if, and only if, it includes the following elements:

      a) All significant requirements, whether relating to functionality, 

performance, design constraints, attributes, or external interfaces. In particular any 

external requirements imposed by a system specification should be acknowledged 

and treated.

      b) Definition of the responses of the software to all realizable classes of 

input data in all realizable classes of situations. Note that it is important to specify 

the responses to both valid and invalid input values.

      c) Full labels and references to all figures, tables, and diagrams in the SRS 

and definition of all terms and units of measure.

      Consistency refers to internal consistency. If an SRS does not agree with 

some higher-level document, such as a system requirements specification, then it is 

not correct.

      An SRS is internally consistent if, and only if, no subset of individual 

requirements described in it conflict. The three types of likely conflicts in an SRS 

are as follows:

      a) The specified characteristics of real-world objects may conflict.

      b) There may be logical or temporal conflict between two specified actions. 

      c) Two or more requirements may describe the same real-world object but 

use different terms for that object. The use of standard terminology and definitions 

promotes consistency.

      An SRS is ranked for importance and/or stability if each requirement in it 

has an identifier to indicate either the importance or stability of that particular 

requirement. Typically, all of the requirements that relate to a software product are 

not equally important. Some requirements may be essential, especially for life-

critical applications, while others may be desirable.

      An SRS is verifiable if, and only if, every requirement stated therein is 

verifiable. A requirement is verifiable if, and only if, there exists some finite cost-

effective process with which a person or machine can check that the software 

product meets the requirement. In general any ambiguous requirement is not 

verifiable.

      An SRS is modifiable if, and only if, its structure and style are such that any 

changes to the requirements can be made easily, completely, and consistently while 

retaining the structure and style. Modifiability generally requires an SRS to:

      a) Have a coherent and easy-to-use organization with a table of contents, an 

index, and explicit cross referencing;

      b) Not be redundant (i.e., the same requirement should not appear in more 

than one place in the SRS);

      c)Express each requirement separately, rather than intermixed with other 

requirements.

      An SRS is traceable if the origin of each of its requirements is clear and if it 

facilitates the referencing of each requirement in future development or 

enhancement documentation. 

      To achieve the above mentioned features a number of techniques for 

specifying software requirements are developed. These techniques may be divided 

into two separate major classes ? Natural Language (NL) based and based on 

special languages. Further more special language approaches also may be divided 

into several types. For example, universal approaches (Unified Modeling 

Language) and domain dependent (Z Notation, B-Method). But a common 

drawback of these languages, however, is that they are difficult for non-experts to 

understand. This fact limits their practical application. And the Natural Language 

continues to be the most appropriate way to express software requirements. 

However, Specifications expressed in the Natural Language are difficult for 

automated processing. But there exist a tools and linguistic methods that may be 

applicable for such tasks [7]. Unfortunately these methods are not as effective as it 

would be desirable.



	6. Verification and Validation

	Note:
Verifying requirements: Proving that each requirement

has been satisfied. Verification can be done

by logical argument, inspection, modelling, simulation,

analysis, expert review, test or demonstration.

Validating requirements: Ensuring that (1) the set

of requirements is correct, complete, and consistent,

(2) a model can be created that satisfies the

requirements, and (3) a real-world solution can

be built and tested to prove that it satisfies the

requirements. If Systems Engineering discovers

that the customer has requested a perpetual-motion

machine, the project should be stopped.

Verifying a system: Building the system right: ensuring

that the system complies with the system

requirements and conforms to its design.

Validating a system: Building the right system:

making sure that the system does what it is supposed

to do in its intended environment. Validation

determines the correctness and completeness

of the end product, and ensures that the system

will satisfy the actual needs of the stakeholders.



	7. Operational, Denotational, Axiomatic semantics

	Note:
Operational semantics: The meaning of a construct is

specified by the computation it induces when it is executed

on a machine. In particular, it is of interest how the

effect of a computation is produced.

Denotational semantics: Meaning are modelled by 

mathematical objects that represent the effect of executing

the constructs. Thus only the effect is interest, not how 

it is obtained.

Axiomatic semantics: Specific properties of the effect of

executing the constructs are expressed as assertions. Thus

there may be aspects of the executions that are ignored.

The axiomatic semantics provides a logical system for 

proving partial correctness properties of individual 

programs. We may view the logical system as a specification

of only certain aspects of the semantics.



	8. System Specification

	Note:
A specification is a written description of what a system

is supposed to do.

Specifying a system helps us understand it. 

It's a good idea to understand a system before building it,

so it's a good idea to write a specification of a system before implementing it.

The hardest part of writing a specification is choosing 

the proper abstraction (!!!).

But I don't know how to

teach you about abstraction. 

A good engineer knows how to abstract the essence

of a system and suppress the unimportant details when specifying and designing it. 

The art (!!!) of abstraction is learned only through experience.

Leslie Lamport



	9. Properties for Verification

	

	10. Syntactic vs Semantic

	Note:
На синтаксическом уровне мы

 не можем отследить ошибки вида:

var i : integer;

begin

 i := 'This is string';

end.




· Requirements Engineering [ ] 

	1. Requirements Specification

	Note:
Requirements specification typically refers to 

the production of a document,or its electronic 

equivalent, that can be systematically reviewed, 

evaluated, and approved. For complex systems, 

particularly those involving substantial non-software

components, as many as three different types of 

documents are produced: system definition, system 

requirements specification, and software requirements 

specification. 

The subarea describes all three documents and 

the underlying activities.



	2. System Definition Document

	Note:
The System Definition Document

This document (sometimes known as the user requirements

document or concept of operations) records the system

requirements. It defines the high-level system requirements

from the domain perspective. Its readership includes

representatives of the system users/customers (marketing

may play these roles for market-driven software), so its

content must be couched in terms of the domain. The

document lists the system requirements along with

background information about the overall objectives for 

the system, its target environment and a statement of 

the constraints, assumptions, and non-functional requirements.

It may include conceptual models designed to illustrate 

the system context, usage scenarios and the principal 

domain entities, as well as data, information, and workflows. 




· ComSpec [ ] 

	1. What is communication

	Note:
Created: 14.11.2006

Modified: 14.11.2006

CSP

Event - is an action without duration

Communication - is a special class of event which

 has two attributes - channel and value of the message



	2. Methods Classification

	Note:
Source: Jose Faria, FormalRTOS

B,VDM and Z are focused on sequental systems

CCS, CSP, TLA+, Unity and Petri Nets are used to

 specify and reason about concurrent systems




· Formal Methods [ Classification of Formal Methods ] 

	1. Classification

	Note:
Classification of Formal Methods (approaches and tools) according to the types of systems 

they apply.

*
Concurrent systems 


o
CCS - Calculus of Communicating Systems


o
CIRCAL - CIRcuit CALculus


o
Concurrency Factory


o
CSP - Communicating Sequential Processes


o
LOTOS - Language of Temporal Ordering Specifications


o
Meije - verification of concurrent programs


o
Murphi - description language and verifier tool


o
Petri Nets


o
Pobl - development method for concurrent object-based programs


o
RAISE Method


o
TLA - Temporal Logic of Actions


o
VeriSoft - model checking tool

*
Distributed systems 


o
Rapide - toolset for large-scale distributed multi-language systems


o
SPIN - is an automated verification tool


o
UNITY - programming notation for parallel and distributed programs

*
Embedded systems 


o
HyTech - The HYbrid TECHnology Tool

*
Parallel systems 


o
UNITY - programming notation for parallel and distributed programs

*
Reactive systems 


o
DisCo - specification method for reactive systems


o
Esterel - Language and Tools


o
LUSTRE - language for programming reactive systems


o
TLA - Temporal Logic of Actions


o
TTM/RTTL - framework for real-time reactive systems


o
VeriSoft - model checking tool

*
Real-time systems 


o
ACSR - Algebra of Communicating Shared Resources


o
DC - Duration Calculus


o
Kronos - verification tool


o
PARAGON - visual specification and verification of real-time systems


o
RAISE Method


o
TRIO - tools for real-time systems


o
TTM/RTTL - framework for real-time reactive systems


o
UPPAAL - verification and validation tools for real-time systems


o
VeriSoft - model checking tool

*
Safety-Critical systems 


o
NP-Tools - framework for mathematically proving safety properties

*
Sequential systems 


o
ACL2 - A Computational Logic for Applicative Common Lisp


o
B-Method


o
Boyer-Moore - Theorem Prover


o
LARCH


o
LOTOS - Language of Temporal Ordering Specifications


o
Nqthm - Boyer-Moore theorem prover


o
PVS - Prototype Verification System


o
RAISE Method


o
VDM - Vienna Development Method


o
Z notation

*
Synchronous systems 


o
Esterel - Language and Tools


o
Signal language



	2. Temporal Properties

	Note:
 Safety properties state that "something bad never( 

  happens" (a program never enters an unacceptable state).

 Liveness properties state that "something good will(
  eventually happen" (a program eventually enters a 

  desirable state).

 Guarantees specify that an event will eventually happen( 

  but does not promise repetitions. 

 Obligations are disjunctions of safety and guarantee( 

  formulae 

 Responses specify that an event will happen infinitely( 

  many times. 

 Persistence specifies the eventual stabilization of a( 

  system condition after an arbitrary delay. 

 Reactivity is the maximal class formed from the( 

  disjunction of response and persistence properties. 

 Unconditional Fairness states that a property p holds( 

  infinitely often. 

 Weak Fairness states that if a property p is continuously( 

  true then the property q must be true infinitely often. 

 Strong Fairness states that if a property p is true( 

  infinitely often then the property q must be true

  infinitely often. 



	3. Definitions to find

	Note:
Language (in logical sense)

Logic

Calculi

Formal System

Model

|- - відношення семантичної істинності
|= - відношення виведення (синтаксичної істиності)




· Concurrent systems [ ] 

	1. CCS, CSP, ACP

	Note:
Source: Validation Embedded Systems, [from Nikitchenko]

Date: 27/11/2006

CCS - Calculus of Concurrent Systems, Milner

CSP - Communicating Sequental Processes, Hoar

Pi-Calculus, Milner

ACP - Algebra of Communicating Processes, Bergstra and Klop.

These theories are based on transition systems and 

bisimulation, and consider interaction of composed agents. 

They employ non-deterministic choice as well as parallel 

and sequential compositions as primitive constructs. The 

influence of the environment on the system may be expressed 

as an explicit language operation, such as restriction in 

CCS or hiding in CSP. 

These theories consider communicating agents as objects of 

the same type (this type may be parameterized by the 

alphabets for events or actions) and define operations on 

these types.

Most differences between CCS, ACP, and CSP can be 

attributed to differences in the chosen style of 

presentation of the semantics: The CSP theory provides a 

model, illustrated with algebraic laws. CCS is a calculus, 

but the rules and axioms in this calculus are presented as 

laws, valid in a given model. ACP is a calculus that forms 

the core of a family of axiomatic systems, each describing 

some features of concurrency. 



	2. CSP

	Note:
Source: Validation Embedded Systems, [from Nikitchenko]

Date: 27/11/2006

In CSP, a process is considered to run in an environment 

which can veto the performance of certain atomic actions. 

If, at some moment during the execution, no action in which 

the process is prepared to engage in is allowed by the 

environment, then a deadlock occurs, which is considered to 

be observable. Since in CSP a process is fully determined 

by the observations obtainable from all possible finite 

interactions with the process, a process is represented by 

its failure set. To define the meaning of a CSP program, we 

determine the set of states corresponding to normal 

termination of the program, and the set of states 

corresponding to its failures. Thus, the CSP semantics is 

presented in model-theoretic terms: Two CSP processes are 

identified if they have the same failure set (failure 

equivalence).



	3. CCS

	Note:
Source: Validation Embedded Systems, [from Nikitchenko]

Date: 27/11/2006

The CCS model specifies sets of states of systems 

(processes) and transitions between these states. The 

states of a process are terms and the transitions are 

defined by the operational semantics of the computation, 

which indicates how and under which conditions a term 

transforms itself into another term. Processes are 

represented by the synchronization tree (or process graph): 

Two processes are identified through bisimulation.



	4. Temporal Logic

	Note:
Source: Validation Embedded Systems, [from Nikitchenko]

Date: 27/11/2006

Temporal logic is a formal specification language for the 

description of various properties of systems. A temporal 

logic is a logic augmented with temporal modalities to 

allow a specification of the order of events in time, 

without introducing time explicitly as a concept. Whereas 

traditional logics can specify properties relating to the 

initial and final states of terminating systems, a temporal 

logic is better suited to describe the on-going behavior of 

non-terminating and interacting (reactive) systems. 



	5. TLA

	Note:
Source: Validation Embedded Systems, [from Nikitchenko]

Date: 27/11/2006

Lamport's TLA (Temporal Logic of Actions) is based on 

Pnueli's temporal logic with assignment and an enriched 

signature. It supports syntactic elements taken from 

programming languages to ease maintenance of large-sized 

specifications. 

TLA uses formulae on behavior, which are considered as a 

sequence of states. States in TLA are assignments of values 

to variables. A system satisfies a formula iff that formula 

is true in all behaviors of this system. 

Formulae where the arguments are only the old and new states are called actions. 



	6. Definition of Concurrent Systems

	Note:
Source: Udaya Shankar, An introduction to Assertional

            Reasoning for Concurrent Systems

A concurrent systems consists of several processes that

execute simultaneously and interact with each other during

the course of their execution via shared variables or 

message passing.

Source: Wikipedia

Concurrent programming encompasses the programming 

languages and algorithms used to implement concurrent 

systems. Concurrent programming is usually considered to be 

more general than parallel programming because it can 

involve arbitrary and dynamic patterns of communication and 

interaction, whereas parallel systems generally have a 

predefined and well-structured communications pattern. The 

base goals of concurrent programming include correctness, 

performance and robustness. Concurrent systems such as 

operating systems are generally designed to operate 

indefinitely and not terminate unexpectedly. Some 

concurrent systems implement a form of transparent 

concurrency, in which concurrent computational entities may 

compete for and share a single resource, but the 

complexities of this competition and sharing are shielded 

from the programmer.

Because they use shared resources, concurrent systems in 

general require the inclusion of some kind of arbiter 

somewhere in their implementation (often in the underlying 

hardware), to control access to those resources. The use of 

arbiters introduces the possibility of unbounded 

nondeterministic decisions, which can have consequences for 

both the correctness and performance of a concurrent system.




· Distributed systems [ ] 

	1. SPIN / Promela

	Note:
Source: Validation Embedded Systems, [from Nikitchenko]

        NASA GuideBook to Formal Methods

Date: 27/11/2006

LANGUAGE: PROMELA (Process Meta Language) is a 

non-deterministic language, loosely based on Dijkstra?s 

guarded command language notation and Hoare?s language CSP. 

FEATURES: Simulator with random, guided, or interactive 

simulations; exhaustive state space analyzer (using partial 

order reduction to optimize the search), bit-state space 

analyzer. 

SYNOPSIS: Spin is a widely distributed software package 

that supports the formal verification of distributed 

systems. The software was developed at Bell Laboratories in 

the formal methods and verification group. 

The PROMELA language contains primitives for specifying 

asynchronous (buffered) message passing via channels with 

an arbitrary number of message parameters. It also allows 

for the specification of synchronous message passing 

systems (rendezvous). Mixed systems, using both synchronous 

and asynchronous communications, are also supported. The 

language can model dynamically expanding and shrinking 

systems, as new processes and message channels can be 

created and deleted on the fly. Message channel identifiers 

can be passed from one process to another in messages. 

Correctness properties can be specified as standard system 

or process invariants (using assertions), or as general 

linear temporal logic requirements (LTL), either directly 

in the syntax of next time free LTL, or indirectly as Buchi 

Automata (expressed in PROMELA syntax as never claims).

Spin has been used to trace logical design errors in 

distributed systems design, such as operating systems, data 

communications protocols, switching systems, concurrent 

algorithms, railway signaling protocols, etc. The tool 

checks the logical consistency of a specification. It 

reports on deadlocks, unspecified receptions, and flags 

incompleteness, race conditions, and unwarranted 

assumptions about the relative speeds of processes.



	2. Definition

	Note:
Source: An Introduction to Assertional Reasoning for

         Concurrent Systems.

A distributed system is considered to be an arbitrary

directed graph whose nodes are processes and whose 

edges are one-way communication channels.




· Embedded systems [ ] 

	1. Definitions

	Note:
Source: Validation Embedded Systems, [from Nikitchenko]

Date: 27/11/2006

Embedded systems consist of several components which are

designed to interact with one another and with their 

environment. In contrast to functional systems, in which 

the semantics are given as a function from input to output 

values, an embedded system is specified by its properties. 

A property is a set of desired behaviors that the system 

should possess.

Source: Real-time systems glossary

embedded (computer) systems/system

A computer system that is part of a larger system and 

performs some of the requirements of that system; for

example, a computer system used in an aircraft or rapi 

transit system.

An electronic system within a plant or an external process. 

The external process may comprise both a

physical/chemical/technical system (usually consisting of 

sunsystems) and also humans performing some

supervising or parameter setting tasks. Essential to the 

external system is that it obeys its own dynamics and

does not allow complete restoration of a previous state in 

case of failure. Coupled with this property is the

requirement that the embedded system has to respond to the 

external process within prescribed time constraints

(real-time requirement).

Systems that are incorporated into other noncomputer 

systems, for example, machines, tools, or automobiles.

Computer systems that are part of larger systems, where the 

larger system?s purpose is not computing.

Software used to control specialized hardware attached to 

the computer system. 




· Parallel systems [ ] 

· Reactive systems [ ] 

	1. Definition

	Note:
Source: [1]. Real-time systems glossary

        [2]. Manna, Pnueli: The temporal logic

               of Reactive and Concurrent Systems,

               Springer-Verlag, Berlin, Germant, 1992

reactive system:

A system that has some ongoing interaction with its environment.

Source: Nikolaj S. Bjorner, ... Verifying Temporal 

          Properties of Reactive Systems: A STeP Tutorial.

Reactive systems maintain an ongoing interaction with

their environment and their computations are infinite

sequences of states. A large number of systems can be

seen as reactive systems including hardware, concurrent

programs, network protocols, and embedded systems.




· Real-time systems [ ] 

	1. Timed automaton

	Note:
Source: Validation Embedded Systems, [from Nikitchenko]

Date: 27/11/2006

Timed automata accept timed words?infinite sequences in 

which a real-valued time of occurrence is associated with 

each symbol. A timed automaton is a finite automaton with a 

finite set of real-valued clocks. The clocks can be reset 

to 0 (independently of each other) with the transitions of 

the automaton and keep track of the time elapsed since the 

last reset. Transitions of the automaton put certain 

constraints on the clock value such that a transition may 

be taken only if the current values of the clocks satisfy 

the associated constraints. 

Timed automata can capture qualitative features of real-

time systems such as liveness, fairness and nondeterminism, 

as well as its quantitative features such as periodicity, 

bound response and timing delays. 



	2. Definition of Real-Time

	Note:
Source: Real-time systems glossary

real-time system/systems

A system that must satisfy explicit (bounded) response time 

constraints or it will fail. [LAP]

A system in which the correctness of computation depends 

not only upon the results of computations but also

upon the time at which the outputs are generated. [FB+]

Systems whose effectiveness or correctness is measured by 

their output and by the point in time when the

output is produced. Discrimination is made between hard and 

soft real-time systems. 

Hard real-time systems

are those in which violation of a timing requirement causes 

system failure. Violation of a timing requirement in

soft real-time systems is only a specification violation 

and does not cause system failure. [GON]




· Safety-Critical systems [ ] 

· Sequential systems [ ] 

	1. VDM

	Note:
Source: Validation Embedded Systems, [from Nikitchenko]

Date: 27/11/2006

VDM is a model-oriented formal specification and design 

method based on discrete mathematics. VDM specification 

language called VDM-SL is based on first order logic with 

abstract data types. The design with VDM is an iterative 

process  refining and decomposing the specification while 

proving that each refinement satisfies the previous 

specification until the implementation level is reached. 



	2. RAISE

	Note:
Source: Validation Embedded Systems, [from Nikitchenko]

Date: 27/11/2006

RAISE  provides differents styles of specification: 

 model-oriented as used in Z and VDM; 

 algebraic specifications as used in Larch and OBJ; 

 functional similar to the Lisp style;

 imperative specifications like C or Pascal;

 concurrent specifications like used in CSP. 

RAISE Specifications style:

applicative sequential: a "functional programming" style

with no variables or concurrency

imperative sequential: with variables, assignment,

sequencing, loops, etc. but with no concurrency

applicative concurrent: functional programming but with

concurrency

imperative concurrent: with variables, assignment,

sequencing, loops, etc. and concurrency



	3. Z

	Note:
Source: Jim Woodcock.

Z is not intended for the description of non-functional 

properties, such as usability, performance, size, and 

reliability. Neither is it intended for the description

of timed or concurrent behaviour.

The Z notation has a single built-in type: the set of all 

integers Z. Any other types will be constructed from Z, or 

from basic types of values.

In the Z notation, there are several ways of defining an 

object. We may simply declare, we may define by 

abbreviation, or we may define by axiom.

Source: The Z Notation: A Reference Manual, J. Spivey

Date: 16 / 12 / 2006

The Z language is a system of notation for building 

structured mathematical theories, and the vocabulary

of definitions.

States are declared by Declaration Schema

Initial State is declared by InitSchema

There are also two types of operations:

 1) State changing (delta operation)

 2) State remaining (ksi operation)

State - is the state before operation

State' - is the state after operation 




· Synchronous systems [ ] 
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