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Purpose of this talk

Present

Main elements of the
BETA language

Concurrency in BETA

Work on state-machine Based on experience with
support for BETA object-oriented analysis &

Experience with concurrent [ design using the

object-oriented modeling EJUnl\i/l;li_e)d Modeling Language




Main benefits of object-orientation

1. Good support for modeling

2. Good support for reusability
and extensibility

3. Unifying perspective on most
phases of the software life cycle



1. Modeling

Programs reflect reality in a natural way

Objects, object attributes, classes, etc. are good means
for building physical models of concepts and
phenomena from the application domain

A physical model is more stable than a model based
upon the desired functionality of a system (Jackson)

Rich conceptual framework for organizing knowledge
about the problem domain

¢ classification: generalization, specialization, clustering
¢ composition: part/whole, reference composition, localization



Modeling means
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2. Reuse and extensibility

New possibilities for reuse and
extensibility

Constructs like class, subclass,
virtual function, etc.

Architectural principles like
¢ Application frameworks
¢ Binary components
¢ Design patterns



3. Unifying Perspective
Object-orientation applies to:
analysis
design
Implementation

data bases
object-distribution

Common conceptual framework
¢ classification, generalization, etc.
Common (abstract) language for central aspects
¢ class, subclass, virtual procedure, etc.
Formal language notation
¢ textual syntax (programming languages)
¢ diagrammatic syntax (design languages)



The object technology morass

Modeling languages for analysis and design
¢ UML -the PL/1 of modeling languages
CASE tools
¢ Code generation and reverse engineering problems
Programming languages
¢ C++,insecure and C-based
¢ Java, the emperor’s new clothes
Object-oriented databases
¢ Data definition languages (ODMG)

Components
¢ COM/OLE/ActiveX, Java/Beans

Distributed objects
¢ Interface language like CORBA/IDL, DCOM

Too many languages



Object-orientation started with programming

Object-orientation started with the development of
Simula in the sixties

Simula was created as a means for making simulation
models

Simula was a general purpose programming language

Simula was used for analysis, design and
Implementation

The real world is reflected in the programs

Simula was a programming language with a built-in
method

No need for structured analysis/structured design



Based on the Scandinavian approach
to object-orientation

Experience with Simula

Development and experience with the
the Beta programming language

The Mjglner project
The Devise Centre, Aarhus University
Centre for Object Technology

Based on cooperation with many
people ...

Based on work adopted or adapted
from others ...
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Content

1. Introduction
2. The BETA language
3. Concurrency in BETA

¢ Basic primitives
¢ Abstraction
¢ Alternation

4. Object-oriented modeling
¢ State-machine supportin BETA
¢ Concurrent modeling



~ 2 BETA

Goals of BETA:
One language for design and implementation
¢ Good modeling language
¢ Efficient programming language
Simple and general
¢ Scheme, Smalltalk, Self
Statically typed
¢ As much as possible
Good support for abstraction and modularization
Unified paradigm
¢ Neither pure OO or multi-paradigm




Unified paradigm

Based on object-orientation
Supports imperative programming
Some support for functional programming
¢ Higher order functions and classes
¢ Functions and classes as ‘first class’ values
¢ ‘New’ functional notation
Supports concurrency
Some support for object-based programming
¢ Singular objects that are not instances of classes
¢ No delegation



Abstraction and modularization

Abstraction
The right basic primitives

Powerful abstraction mechanisms for
building higher-level abstractions

logical
structure

Modularization

Organization of program fragments into physical
logic and manageable units structure

Language independent mechanism
based on the grammar

¢ a module is a sentential form



Unification of |
abstraction mechanisms

Abstraction mechanism:

¢ a pattern for creating instances
Class:

¢ a pattern for creating objects
Procedure:

¢ a pattern for creating action-seguences

Function, interface, process type, generic
class, exception type, ...

In BETA: unified into the pattern



Unifying class and procedure

class Person: { ...};
class Set: {
proc insert(e:
{ 1nx: obj
do ...
b

ref object):
| nt eger

I ¢
proc main():
{ S ref Set;
Joe: ref Person;
do S = new Set;
S.insert(Joe);

}

| nsert

/'

Mal n

DYN:

OBJ:

DYN:

e.

Joe:

I nx: O

Set

Per son




Objects and procedure activations

Object
Data-items: ...
Static link: enclosing object/procedure

Procedure-activation

Parameters & local variables

Dynamic link: caller

Static link: enclosing object/procedure




Procedure call
M ref R Insert

M= new R insert(Joe);
M execut e

| nsert
DYN:
OBJ:

e:

Il nx: O

Set




Pattern: class & procedure

Person: { ..}; Static link: If nesting

Set: {
insert(e: ref object): Dynamic link:if do-part
t do ..} Parameters
}: Data-items
main(): Object layout
{ S ref Set; STAT
Joe: ref Person; :
DYN:

do S = new Set;
S.insert(Joe); parameters

} data-items




Uniform abstraction mechanisms

pattern
class ‘ function ‘ Interface ‘
procedure exception process

The Pattern
e The ultimate abstraction mechanism

A generalization/unification of class,
procedure,function, exception, interface,
process, generic class, ....



Benefits of the unification

class| procedure | process | exception |....
Pattern + -- + +
Subpattern + + + +
Virtual pattern + + + +
Pattern variable + - + +
Nested pattern| + + + +




Subpattern: subclass

Class and subclass supports
classification of objects

Vehicle
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Subpattern: subprocedure

Procedure and subprocedure supports
classification of action-sequences

Movement

TN

/ Jump Tr?vel Run
N \

—

Columbus's Hannibal's march
America-expedition across the Alps




Action sequence generalization

L: list;
M Semaphor e;
voi d Put(e: Integer)
{ Mwait;
L. put (e);
M si gnal
}
| nt eger get ()
{ e: iInteger;
M wai t ;
e = L.get();
M si gnal
return e

M si gnal

Put :

M wali t » L.put(e) >
Cet :

Mwait —»e = L.get()

CGeneral i zed action sequence:

M wali t

>

*

— | M si gnal

>

M si gnal




Procedure specialization

class Buffer: extends nonitor cl ass nonitor:
{ L. |ist; { M senmmaphor e;
proc put(e: integer) proc entry()
extends entry { Mwait,;
{ L.put(e) | NNER;
}i M si gnal
C }i
b .
B: Buffer };
B. put (123)

R

Mwait — | NNER — M si gnal

b

L. put (e)




Other benefits of the unification

Virtual pattern:
¢ virtual procedure
¢ virtual class
¢ virtual process

Nested pattern:

¢ Nested procedure
¢ Nested class

¢ Nested process

Pattern variable:
¢ Procedures as first class values

¢ Classes as first class values
& Processes as first class values



3 Concurrency in BETA

Issues

Basic primitives for

¢ Protection of shared objects
¢ Communication

¢ Synchronization

¢ Scheduling

Abstraction mechanisms
¢ Definition of concurrency abstractions

Modeling
¢ Concurrency

¢ Alternation, non-preemptive scheduling,
non-determinism/guarded commands

¢ Analysis/Design (UML)



Mainstream OO languages

Simula

¢ quasi-parallel systems

¢ active objects

¢ schedulers
Concurrent Pascal

¢ Class, process, monitor
C++

¢ No built-in mechanisms
Java

¢ Monitors



Concurrency

Concurrency has not been a well integrated
part of most main-stream OO languages:
Smalltalk, CLOS, C++, (Eliffel), etc.

Semi-concurrency was a central part of
Simula: object are coroutines

BETA is a further development of the Simula
model for concurrency

Concurrency should be a natural part of a
general purpose programming language



Concurrency in Java?

A step in the right direction?

Part of the language

Good for certain kinds of applications
Perhaps not general enough

Many research papers on concurrency
problems with Java

In general to many papers on:
How to add XXX in Java
How to do YYY in Java
How to avoid ZZZ in Java



Brinch Hansen (Sigplan, April, 1999)

Gosling [...] claims that Java uses monitors to
synchronize threads. Unfortunately, a closer inspection
reveals that Java does not support a monitor concepit.

The failure to give an adequate meaning to thread
Interaction is a very deep flaw of Java that vitiates the
conceptual integrity of the monitor concept.

It is astounding to me that Java’s insecure parallelism is
taken seriously by the programming community, a
guarter of a century after the invention of monitors and
Concurrent Pascal. It has no merit.

If programmers no longer see the need for interference
control then | have apparently wasted my most creative
years developing rigorous concepts which have now
been compromised or abandoned by programmers.



@WB ETA : basic @

Active object

¢ An object may be the head of a thread
Object may execute as

¢ coroutines - alternating

¢ concurrent

Synchronization by means of
semaphores

Good support for defining high-level
concurrency abstractions

¢ Monitor, Ada-like rendezvous, etc.




Semi-symmetric coroutine 1

pC

ml;
call Q;
m2
call Q;

m3

Q:

ql;
suspend,;
02;
suspend,;
g3




Semi-symmetric coroutine 12

M: Q:
m1; P, 1g1;
call Q; ‘/ suspend:;
m2 q2;
call Q; suspend;
m3 g3




Semi-symmetric coroutine 123

M: Q:
m1; ql;
call Q; __, |suspend;
m2 q2;
call Q; suspend;
m3 g3




Semi-symmetric coroutine 1234

M: Q:
m1; ql;
call Q; suspend:;
m2 P ,lq2:
call Q; / suspend:
m3 g3




Semi-symmetric coroutine 12345

pC

m1l;

call Q;

m2

call Q;

m3

Q:

ql;
suspend,;
02;
suspend,;
g3




Semi-coroutines - in general

AN

M:

N

....cal A; ...;call B; ...

~call A; ...:callC; ...:call A; ...

A:

» suspend

suspend

pC

B:

suspend

suspend

C:

suspend

suspend




Object with activation stack

AN

M
.ocalA;...;callB;...;call A; ...;call C; ...; call A; ...
A / /F /3:
: : pc
[ [ —> [

suspend




Object with activation stack

AN

N
M:
.ocalA;...;callB;...;call A; ...;call C; ...; call A; ...
pc |
A: /F: /3:
F();‘/ G(); “ suspend<




General picture

(P*
B

G

gl
. .




Use of symmetric coroutines

Basis for non-preemptive scheduling

Simula: simulation framework
¢ The first application framework

¢ Process concept

¢ Scheduling

Generators (Ilcon)
Symmetric coroutines (resume)

Semi-concurrent algorithms
¢ merge of binary search trees



Concurrency

------------ timer

=T P v
|
s (&
A S A
< fl gl h1
| T
Preemptive suspend \ g2 D
Preemptive scheduling T J




Synchronization

Basic primitive: semaphore
Basis for building higher-level
concurrency abstractions

M obj senmaphore

M P;

MV,



3.2 Abstraction

Monitor

class Buffer: extends nonitor
{ L. |ist;
proc put(e: integer)
extends entry

{ L.put(e)
}i
. L
B: Buffer

cl ass nonitor:
{ M senmaphor e;
proc entry()
{ Mwait,;
| NNER;
M si gnal

b



Ada-like rendezvous

S1. obj { do ...; R foo;
S2: obj { do ...; R snorf;
R obj

{ P,Q ob
foo: P. { ... };
bar: P. { ... };
snorf: Q { ... };
do ...: P. ;
o Q
, P.

- R bar;



Restricted ports

P: obj Port, Accept all objects
P. accept
Q obj bjectPort; Accept only an(Qbj ect

Q accept (anCbj ect )

R obj QualifiedPort;  Acceptallinstances of
R accept (ad ass) aCl ass or its subclasses



Other abstractions

asynchronous communication
futures
multi-cast

Inheritance of synchronization constraints

Main point:
No "winning” concurrency abstraction
Provide
+ basic primitives

+ abstraction mechanisms for building
concurrency abstractions



@rrency and A@

Concurrency

¢ Modeling of concurrent activities
In the real-world

Alternation

¢ Application domain modeling of
non-preemptive scheduling

¢ Alternative model for non-
deterministic guarded commands

¢ Interrupt handling




An actor (person,machine,...), may be

engaged in several activities at the
same time

At most one activity at a given time

Change of activity decided by the agent

¢ The activity has reached some well
defined state

¢ External event




Alternating activities of a travel agent

Booking a business trip to Australia for Mr. Jensen
Booking a vacation trip for Mr. Smith to Denmark
Handling complaints for customers

/ AgTent

Jensen Smith Com-
to Austr. to DK plaints

1 : I

SN

convers.




Alternating activities of a computer

Handling keyboard events
Handling external clock
Executing application program

Computer
=

External Appli- Key-
Clock cation board

1 : I

f \ Wri'iting

to screen




Non-deterministic guarded commands

Accept input from p1 or p2

(if
[l pl?v then i1l
[l p2?w then i2

1),




Guarded input & output

Accept input from p1

or
output to p2

pl: S

(if
[l pl?v then i1
[l p2'e then i 2
i f):




Logical communication sequences

cycle{ ... pl?v; pl!e;
cycle{ ... p2!f; P27?W,
=
(if
/'l pl?v and Bl then ...; Bl:=fal se
// pl'e and not Bl then ...; Bl:=true
[l p2!'f and B2 then ...; B2:=fal se
/1 p2?w and not B2 then ...; B2:=true

if):




Alternating object

A concurrent object may have internal
alternating objects

¢ one pr logical communication sequence

S: T
pl handl er: p2_handl er:
cycle{ ...; cycle{ ...;
pl?v; ....; p2'f; ....;
» pl!e; P27W, «— |
..} A




4 Object-oriented modeling

Object-oriented modeling versus
programming

Graphical modeling languages

Early experience with Unified
Modeling Language (UML)



Modeling versus programming

Major benefit of object-orientation:

¢ Unifying perspective on
analysis, design, implementation

Analysis O
> Modeling: UML

Design -~

Implementation } Programming: C++, Java



Language overhead

The developers should be able to alternate freely
between analysis, design and implementation

Different languages are used analysis/design
(UML) and implementation (C++, Java)

Creates CASE gap and reverse engineering
problems

Difficult to alternate between design and
Implementation

Too much discussion of actual syntax of diagrams

Mental overhead in dealing with several notations



One language for design and implementation

The same abstract language can be used for expressing

¢ class, subclass, virtual procedure, part objects,
references, associations, etc.

The design language can be a subset of the
Implementation language

A diagrammatic syntax can be used for design diagrams

A textual syntax can be used for programming
¢ Possible to build CASE tool with no CASE gap:
¢ Incremental code generation
¢ Full round-trip and incremental reverse engineering



Modeling versus implementation

Modeling:
Development of representative elements

Implementation:
Programming non-representative elements

graphical textual

Modeling + +

Implementation + +



The Mjglner CASE Tool

BETA is used for design and implementation

Graphical syntax for parts of BETA
¢ Based on subset of UML with well-defined semantics

No CASE gap:
¢ Incremental generation of textual BETA
¢ No annotations in the code

Full incremental reverse engineering:
¢ Immediate generation of diagrams from textual BETA

Free alternation between design and implementation



Screen dump from Mjglner CASE tool
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Integration of design diagrams and BETA

Record: { ...};

Person: Record { ...}

Student: Person{ ...}

Enpl oyee: Person{ ...}

Book: Record{ ...}

Common

Abstract
syntax
tree

Representation




Summary on Mjglner CASE tool

Issues for discussion: associations

Clear semantics for associations necessary

In Mjglner a specific semantics of associations
based on a set of association classes and
reference composition has been defined

The Mjglner CASE tool supports the use of

one language for analysis, design and
Implementation

for class diagrams



Dynamic aspects - state machines

Dynamic aspects
¢ Seguence diagrams
¢ Collaboration diagrams
¢ State machines (state charts)
¢ ...

Useful, but a lot of time Is often wasted to keep diagrams
consistent and up-to-date

Better integration with programming language is needed

# Usual problems with code generation and reverse
engineering

Experiments with direct support for state machines in BETA



State machine for Watch

mode Inc

16:36

inc [min = (min + 1) mod 60 ] inc [hours = (hours + 1) mod 24 ]

l model[display minutes] {

[Set_minutes ]4 [ Set_hours }

{ display J

|

O

mode[display hours]

mode[display time]



Implementation of state

Explicit state variable
¢ switch on state in each operation

State pattern

Direct language support
¢ Dynamic inheritance in Self
¢ State support in BETA



Implementation of virtual functions

cl ass Wat ch S.node button() <call state[O][ O]

{ proc node button():< {};
proc inc():< {};
S.inc() call state[O][1]

};
Virtual
aWatch dispatch Code for
object table
S | T | B Watch::mode button
I Code for

Watch::inc




Class Watch with several states

cl ass Watch: {
LCD: ref Digital D splay;
proc node_button(): <;
proc inc():<;
state Display: { ... };
state Set hours: { ... };
state Set Mnutes: { ... };

proc Watch(): {
LCD. di splay _ti nme;
state = D spl ay



State Implementations

state D splay: {
node_button()::< {
LCD. di spl ay_hours;
state = Set Hours;

}
}
state Set hours: { state Set M nutes: {
nmode button()::< { nmode button()::< {
LCD. di spl ay_m nut es; LCD. di spl ay_ti ne;
state = Set _m nutes state = Di spl ay;
} }
inc()::< { LCD.inc_hours } inc()::< { LCD.inc_mnutes }

} }



Implementation

A state is represented as a
virtual dispatch table (VDT)

Display VDT

aWatch object

State = Display

Set_hours VDT

>
State = Set_hours; \

Set_ minutes VDT

State = Set_minutes;



Extensions and status

Further extensions
Substates
¢ Inheritance on state patterns

Concurrent sub-states
¢ Multiple use of state pattern

Status

Preliminary implementation
exist for BETA



Concurrency in UML

UML has limited support for modeling concurrency
¢ Active objects
¢ State-machines
¢ Activity diagrams

We experience major problems with industry

projects in real-time embedded system modeling
concurrency issues at the UML-level

UML implies main focus on object/class structures,
Internal state of objects

Something more powerful than concurrent state-
machines, and activity diagrams is needed.



Experiments with concurrent
object-oriented modeling

Centre for Object Technology

Participants

¢ B&O, Danfoss, Systematic, WM-data, Rambagll,
Maersk Line, Odense Steel Shipyard, A.P. Mgller

¢ Technological Institute, Danish Maritime Institute

¢ Aarhus University, University of Copenhagen,
Southern Danish University

Sponsored by
¢ The Danish National Centre for IT Research
¢ The Danish Ministry of Trade and Industries



Graphical modeling languages
for objects

UML: Activity diagrams
Use-case maps

Petri Nets



Activity diagrams

A recent add-on to UML
¢ Action state: description of an activity
¢ Fork & join
¢ Guarded conditions
¢ etc.
Often useful: better than nothing

¢ Easy to draw an overview of concurrent
activities of a system

Difficult to find a precise semantic description
Limited applicability



Activity diagram wtih swimlanes

Customer Saes Stockroom

l

[ Request service ]

\A[ Take order ]\

—

[ Collect order ]‘//[ Dellverorder ]




Example of Use-case map

Customer Sales Stockroom

Request service

@
\\ Take order
/-*\

Fill order
Pay _
Deliver order

Y/
),

Collect order

7



Petri Net In object diagram

Customer

®

v
[ Request service ]\

:

[ Collect order ]4—

Sales

Stockroom

AW

AS
-

—{ Fill order |
-~




Requirements for graphical

Provide overview of concurrent activities
Scenario-based as well as system-based
Handle synchronization

Easy to identify critical regions

Smooth transition from high-level abstract
descriptions to complete descriptions

Dynamic replacement of objects

Short learning curve
¢ State-machines and activty diagrams are easy to learn

Straight-forward mapping to (concurrent) object-
oriented language



Distributed systems

The Simula concepts have been a
good foundation for OO programming
systems

For distributed systems a new set of
concepts for handling location and
time Is needed

¢ Kristen Nygaard: ECOOP’97



BETA

¢ pattern: unification of programming language
abstraction mechanisms

# basic primitives and abstraction mechanisms for
building concurrency abstractions

¢ emphasis on modeling as well as implementation
Issues

¢ better concurrency abstractions are needed

# better support for concurrent object-oriented
modeling at the "UML” -level
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