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Abstrect
This paper suggests a model of Distributed Discrete Object Environment (DDOE), for
describing object-oriented computing and compares it to traditional structured
automaton model.
Keywords: structured automaton, distributed computing, discrete object.

l lntroduction

The recent globalization of information processes gave rise to the standardization of
methods and models, which are used for digital devices and information processes
specification and design. Almost all of the suggested models are based on discrete
mathematics. This paper suggests new model of global information processing. The
model is developed from the ideas of the structured automata theory integrated with
modern trends of distributed computing systems and object-oriented conceptions
development.
Here is the essence of the idea. A structured automaton, proposed by A.M. Bogomolov
and V.A. Tverdohlebov (1969,1974), is a distributed computing system model.
The computing systems has made their way from stand-alone programs through client-
server models to object-oriented computing environments such as CORBA (Common
Object Request Broker: Architecture and Specification).
While client-server remote computing is possible to describe by structured automata,
the object-oriented oomputing environments require new models.
To resolve this problem the notion of Distributed Discrete Object Environment (DDOE)
is inhoduced in this paper and compared to traditional structured automaton model.
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2 DDOE and its Characterization

Structured automaton, as distributed computing model has rigidly defined stnrcture and
description of components and their interfaces.
This model is synchronous by definition and reflects the procedural approach to
computing.

2.1 What is DDOE?

The distributed discrete object environment is defined as a triple DE =({O,ln,,M,L),

where {O,},., isasetof discreteobjects, Misabrokermachineand.[isalanguage
used for interaction between objects and broker machine and description of its intemal
database.
The fig.l shows the model of DDOE. We assume that problems of routing and
addressing are solved by some low-level protocols. Therefore, DDOE represeNrts
presentation and application levels in ISO OSI model.
Discrete objects are understood as any discrete systerns, which realize one or more
functions. For example different automata and machines may describe them.
Inputs and outputs of these objects are connected to broker machine via virtual
environment.
Broker machine stores information about currently existing objects, receives rquests
for some operation from objects and passes them to another object.
All these functions may be realized by multitape state machine.
Interaction between objects and broker machine is canied out via requests defined by
language Z.

Object #l
Functions:
f l  l ,  f l2, . . .

Object #2
Functions:
f21,f22,. . .

Figure 1: Model of DDOE
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All statements of language L are divided into five classes:
A. request for registration of service sent by object to broker machine,
B. request for calculation of function,
C. direct request for operation execution,
D. informational message and
E. broker machine database element.

Requests ofA and B types are addressed to broker machine, requests ofC and D types
are sent to object with a given address (it may also be a broker machine itself;. The
description of requests' structures follows below.

Request of A type'has the following fields:
(l) service (function) name
(2) arguments (input, output)
(3) parameters
(4) object address

Request of B type has the following fields:
(l) service (function) name
(2) arguments
(3) parameters
(4) requesting object address

Request of C type has the following fields:
(l) address ofobject which is capable ofexecuting the operation
(2) service (function) name
(3) arguments
(4) parameters

Request of D type has the following fields:
(l) object address
(2) message
(3) parameters

Database elernent of E type has the following structure:
(l) service (function) name
(2) address ofobject which is capable ofexecuting the operation
(3) parameters

Broker machine is defined as a state machine M--(S,L',ô) with four push-down tapes.
L'= Ll) {n} is a generalized alphabet (À is an empty symbol (word)), âis a generalized
automatonrs input/output function.
S: {s0,s 1,s2,s3), where
s0 is an initial state,
s,l is an object function registration state,
s2 is a forward database search state-
s3 is a backward database search state.
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Figure 2: Structure of broker machine

The input tape I receives from the virtual environment via interface I requests of A and
B types. Tapes 2 and 3 contains database elements of E type. The output tape 4 and
interface 2 are used by broker machine to send messages of C and D types to the
environment. The state of broker machine is determined by typified information on
tapes and the state ofits control device.
The function âdefines the transition of broker machine's states as follows:
6(A,*,*,*,t91=1-,-,-,-,sI) - transition to the registration state,

il8,*,*,*,s0):(,-,-,-,s2) - transition to the database search state,

ilD,*,*,*,s0):(,-,-,-,s2) - transition to the database search state,

6(A,*,*,*,sI)=(A,E(A),-,-,sl) - registration of service in database due to request of A
type'

6(8,81,82,*,s2):(, -,A,82,s2) - search on tape 2,
qB,El,E2,*,s3)=( -,82,A,-,s3) - search on tape 3,

fl8,*,A,*,s3):(A,-,-,-,s0) - searchfailure on tape 3,
qB,EI(B),82,*,s2)=(A, -,82(C(B)),C(B),s0) - forwarding direct requestforfunction
calculation and its registration in database due to request of B type,
6(8,El,E2(B),*,s3):(A, -,E2(C(B)),C(B),s0) - dispatch of direct requestforfunction
calculation and its registration in database due to request of B type,

6(D,EI,E2,*,s2):(, -,A,82,s2) - search on tape 2,
6(D,EI,E2.*,s3)=( -,E2,A,-,s3) - search on tape 3,

4D,*,A,*,s3)=1A,-,-,-,s0) - searchfailure on tape 3,
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6(D(C (B) ), E I (C(B )), E 2, *,s 2) : (A, - ;,D (B),s0)
res ul ts of fu ntc tion c al cal ation,
6(D (C(B) ), E 1,8 2 (C(B ) ), *,s 3 ) : (A, - ;,D(B ),s0)
r esu I ts of fu nc ti on c al culation

- dispatch of message containing

- dispatch of message containing

Here the asterisk symbol "*" stands for any word which is valid for the corresponding
tape,"A" is an empty symbol (to write this symbol is to remove the top element of the
stack), symbol "-" indicates no tape operation.

2.2Whtt Problems Does DDOE Solve?

So far the distributed discrete models were constructed in two 'ilays. One way was to
select some homogeneous components and define their interdependence (synthesis).
Another way \ilas functional decomposition of task and further modeling of elernentary
functions on the basis of some discrete objects (analysis).
DDOE introduces innovations, which allow us to:
o unite discrete objects of any nature in an integral interacting system;
o get access to any object included into environment;
. use only necessary properties and functions ofobjects;
c rcalize asynchronous computing models;
o easily modiS environment to reflect changes in the set of objects and their

functions.

23 DDOE vs. Structured Automaton

Stuctured automaton is the model of procedure-oriented distributed computing.
It is impossible to modiff its components.
The only thing defined for objects in the model is interface links between them.
In DDOE outputs of the objects are not directly connected to corresponding inputs.
Instead all requests are addressed to broker machine, which decides what object can
process it.
The broker machine allows to avoid direct interaction between objects. It makes the
model more flexible and permits to use heterogeneous objects.
In contrast to structured automata, DDOE allows to carry out the asynchronous
interaction between obj ects.

3 Conclusion

DDOE is likely to be a better choice then structured automaton if
o disûibuted systern should be extended or modified;
r it is necessary to use asynchronous communication style;
o it is necessary to implement interaction between heterogeneous objects and have

ability to use only part of their functions.
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However, structured automaton is a good choice if it is necessary to constnrct the model
of synchronous device with rigidly defined services.
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