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« Intreduction to ASM
« ASM Tools
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ASM - _Dbstract -tate ' achine.
Proposed by YuriiGurevich in mid 1980’s.
Further developed by Egon Borger, as a
Software Engineering Method for
Software development.

Embedded Hardware and Software

Systems.
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Formulation of

UndZ:JsTaanndin Real-World
9 problem

Algorithmic Code Execution
Solutions
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Design Analysis

Methods
Single Agent Multiple Agent
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Result of Requirement Capture Process

Binding Contract between Customer and
Design Engineer

Refining of Ground Model
Design Decisions
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- A basic ASM M is a tuple of the form (3 ; £; R; Py)

Signature (i.e. a finite set of function names f)
Set of initial states for signature

Set of rule declarations

Distinguished rule of arbitrary zero
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Eg: Terms, Variable assignment, Formula,
Evaluation of Terms, Semantics of Formula

Eg: Skip rule : Skip
Conditional rule :if x then P else Q
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= ASM itself semantically clear and Mathematics underpin.

=« How does one know that the specification accurately
describes the corresponding real system?

« Easy to read and write specification
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- Executable Specification Language

- A precise, non-ambiguous way to specify a Computer
System

« An ideal way for teams to communicate design decisions

- Benefits

seful before you commit yourself to coding the entire
system
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« An advanced Abstract State Machine programming
system.

« Provides a Modern ASM Interpreter embedded in the
well known functional programming language Gofer.

« AsmGofer is an extension of TkGofer, developed in order
to support GUI.
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- ASMETA, the Abstract State Machine Metamodel and its
Tool Set.

« Guidelines of the Model-Driven Engineering.
« Includes ATGT.
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Can one generalize Tiuring Machines; so that any algorithm, never
mind how! abstract, can be modeled by a generalized machine very.
closely and faithfully? —

Suppose, such generalized Turing Machines exists, What would be
their states be? —

What instructions should the generalized machines have?
Can one get away withionly a bounded set of instructions?

Evolving Algebra / Dynamic Algebra / ASM

Non-Executable ASM Executable ASML
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AsmL —
Executable
Specification
Language
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IHow existing system works and How. new: system works?

Encodes only those aspects of System’s structure that affects the behavior being
modeled

Goal — Use minimum details to reproduce the behavior of the System

Behavior of the model matches, step by step, the behavior of the System being
modeled

Step-for-Step Cornrespondence is an important aspect of ASML

Trechnical name for the way ASML models describe operational steps — ASM
Behavior of the machine — RUN — Sequence of states linked by State Transitions

Machines State as a dictionary of (name,value) pairs, called State Variables.
Names are given by Machine's Symbolic Vecabulary.
Values are Fixed Elements, like Numbers and Strings of Characters.
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Initialise Process All
Orders

0 __ 0

Mode = Mode = Mode =
Orders = Orders = Orders =

Balance = Balance = Balance =

» Fig. shows the RUN of a Machine that models how orders might be processed.
»>Each Transition Operation is a result of invoking the Machine’s Control Logic on
the current state. Each Operation calculates the subsequence state as output.
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1 Control Logic behaves like a fixed set of transition rules that say how
state may evolve.

« Think of the Control Logic as a text that precisely specifies,

“For any given State, What the values of.the Machine’s Variables will be in the
next Step”

Typical form of the Operational Text is:

condition update”
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The MCL is aiblack box that takes state dictionary S1 as input and gives state
dictionary: S2 as O/P

The Machine’s Control
Logic

if mode = “Initial”
then mode := “Active” -
Balance| $200
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« \WWe use the
Symbol ~ - Update Operator ( Read as “gets” )

> Usedtoe indicate the value that a Name will have in the
resulting state.

Eg: mode := “Active’ mode gets Active
Update Operations.
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A Consequence of handling states torthe Control Logic Unit and
observing only'the new: state is that changes are not visible as
intermediate results. New: states can be seen only during the
following) step.

Contrast to Java,C,Visual Basic etc, where changes takes place
immediately in sequential order.

In" ASML; alll'changes happen simultaneously when we move from
one step to another and then alll Updates happen at once — Atomic
Transaction.

Treating updates as Atomic Transactions is an essential feature of
modeling.

Order of update operations withinia step is not specific.
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A machine isidefined by a program that has State Variables and
Control Logic.

Syntax — Similar to simple programming languages.

But programs withithis simple syntax have different properties from
procedural programs.

ASML programs use identation to denote block structure, unlike {..}
or special keywords like “Begin” and “end”.

ASML does not recognises “tab”.

The keyword “step” marks the transition from one state to another.
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/I'/AnAsmL Pregram for I/©
/[ VariableInitialisation

Output : Integer value : 100
Enter your name : John
Hello John.
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varx =0

vary =1

Main()

step
WriteLine(“In the first step, X ="+ x) /[ x is 0
WiriteLine (“In the first step, y =" +y) //'yis 1
X:=2

step
yi=3
/I'updates occur here
WriteLine(“In the second step, x =" + x) //

Value of “x” is upadated to 2
WriteLine(“In the second step, y =" +vy) // Value of “y” is

updated to 3

Updates donit actually:eccur until the Step following the one in which they are
written.
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//'parallel.asml /['nenparallel.asml
var A as Integer = 0 var A as Integer = 0
Main() Main()
/I'parallel block begins WriteLine(A) /['non-parallel block begins
A=A+1 step
WriteLine(A) WriteLine(A)
A=A+1 step
WriteLine(A) A=A+1
/I parallel block ends step
WriteLline(A)
step A=A +1
step WriteLine(A)
/[ non-parallel block ends
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Enforced Seguential Operations. « No Enforced Sequential Operation
— “Parallelism”

Need for Temporary Variable .
One-Step Operation
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The order withinia step does not matter, but all of updates inithe
step must be consistent.

None of the updates given;within. a'step may. each other.

Iff'updates do contradict, then they are called “inconsistent
updates’™ and an error occur
Eg:

: Clash in the Update set, since we may not know which one of
the two values takes effect.
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An update of the variable can either be total or partial

Total update is a simple replacement of variable’s valueiwith a new.
value

Partial updates apply to variables that have structure such as sets.
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- Similar to other languages.
Templates for user-defined types
« Fields
=« Methods
- Difference
= Objects have meaning only as Identities
= Abstract element or Object-ldentities

AsmL Modelling
SASQAG 16Jan03 © 2003 Microsoft Corporation, All Rights Reserved

15



Fields
« Instance of class

//'Sample Program
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Finite set of possibilities

- Within that set the result may be any value, but we don't
know which one

« Non-Deterministic Choice
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- |If statement

Symbol Meaning

less than

greater than

equal to

less than or equal to

greater than or equal to

not equal to

« Logical Operator
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Precise, non-ambiguous way. to specify. a Computer System.
Ideall way for design decisions.

ProgramiManagers, Developers and Testers; all can use an AsmL
specification torachieve Single Unified Understanding.

Greatest Benefit — Execution.

Useful before committing toi code.

Answers the following questions by exploring the design
= Does it do everything you intended to do?
= How do the features interact?
= Are there any unintended behaviors?
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« Game of Life
hitpy/Wwwadittnipri/eboeerger/AsSViliutenial Etaps.himl

«Is a cellular automation devised by British Mathematician

John Horton Conway in 1970.
It is the best-known example of a Cellular Automaton.
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For a space that is ‘populated’:
= Each cell with'one or no neighbors;dies, as.if by loneliness.

= Each cell with four or more neighbors dies, as if by
overpopulation.

= Each cell withitwo or three neighbors survives.

« For a space that is ‘empty’ or ‘unpopulated’:
= Each cell withithree neighbors becomes populated.
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- letDie(cell, n) = if status(cell) = Alive
and (n<2 or n>3) then status(cell) := Dead
« letLive(cell, n) = if status(cell)=Dead
and n=3 then status(cell) := Alive
- gameOfLife = forall cell in allCells
do
letDie(cell,numberOfAliveNeighbors(cell))
letLive(cell, numberOAlivefNeighbors(cell))
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Rule Branching Node
if curr Target is nodelin, (conds)ic,, (out;)ic,)
then

if cond, then active := —you,

elseif cond,, then active := —aut,
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e Acton Nod isdynamic means if A
, . . ile Action Node
! . if cureTarget i mode(i, A, out isDynani, rg;r{::. Zsei(lﬁ’lceu;el: oralle
iyl each time with an ’
then if = tsDynamic then | FoumentTl. from o set
elsei dyndryg = dynlfult then dy% A1gs of object
forall L; € dynds
i) [L1,L2...]

actioe = —oul
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« Coin Puzzle
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Ritp/AWmatEWeRster com/misc/asml/
hitp/lamspeoplerepil.chiychkova/PhbD/Research. himl
hitp://enwikipedia.org/wiki/Abstract states machines
nitp/AWWwWEbitstorm:org/gameoilife!

hitp://ieseanch.microseft.com/en-us/greups/foundations/.
hitp://edoc. hu=berlin.de/series/informatik-berichte/203/PDE/203.pdf
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