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Abstract

The concurrent object oriented language
MERDEL (MEta iNferential syastem DEscriptien
Language} which 1s based on Proleog is
dercribed, The characteristics of MENDEL
are as follows, ilimeta inference
meshanism, L& lobject Concur rency,
{3lpropositional temporal leogic. This
paper alss describes the way of MEMDEL
object generation.

AWIRODUCTION

wWhen describing many systems in this
world, the object modeling s te naturally
pursue the development of models which
medify the internal states in response to
external messages, as well &5  issuing
mesgages. Mt this ftime, the internal
object description and the description of
the relation between the objects is
corpletely a gseparate dimension far
discussion, The COncur rent object
oriected language can  be applied to
extensive domain such as expert sysiem,
simulater, and software specification,
Howewver, for the real time system, few
lanquage hzs been proposed.

Under rthe circumstance, the auathars
considered lanwuage for real time systems
Satisfylng rejuirenents such as,

1) object-based szftware developmant

&) cancurrent cxecution of the abject,

i} rime concerned model,

d software reusability, and

21 sogic programming language based
sracliilcation,

and developed Prolog bascd concurrent

obiject  oriented  lamguage  MINDEL  (MEfa

inferential system DEscriptian Languagel.
The rharacteristics aof MENDEL are as
follows,

1} meta inference mechanism,

abiject concurrency,

linkage to O language,

propesitional temporal logic, and
Prolog predicate such as SEIZE,
RELEASE for performance prediction
simulators.
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In this paper, Sectiocn 2 outlines the
MERDEL and fection 3 explaing the way of
MENDEL object generation.

ENDEL
The internal and external objects of
MEKDEL carn eonly transemit information

through pipe caps. Each pipe ran be used
for either input or ocwtput bot enly on a
one-way basis. Rn  attribute name is
assigned to each pipe cap and is used by
the internal object to refer to  the
input-output messages, This attribute
name iz not simply the pipe cap ID, but
also regulates the input-outpot message
attributes (specifications), The relation
between the objects is created according
to the binding between pipe caps by the
Lransmission pipes, as shown in Fig., 1,
This transmission pipe i% a one-to-one
asynchronous one-way path.
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Fig, 1 Object and communication pipe
M. METAE-INFERENCE

The binding between pipe caps is
performed automatically in MENDEL. For

object groups, it selects the necessary
ebjects by inference to accomplish a
certain goal . Ir a certain goal

tinput-output specifiecation) is given for
a qrowp of objects, the binding agent
selects the necessary obiects by inference
in order te accomplish that goal, and
binds the transmission pipes (Fig, 2).
Thie inference is called a meta-inference,
which means that it infers a strategy to
derive a solution. A meta=inference is
performed according  to  the knowledge
concerning the object interface
epecifications {meta=-knowledge), and the



interence rules of the binding agent. To
accomplieh & given goal, the necessary
object is found by trial and errer, The

meta~inference in MENDEL can be considered
te be broadcasting using & method search

of one realized configuration. For many
object-oriented languages the method
Bearch arder is depth-first,

left-to-right. However, if this method can
be selected, even in multiple cases, the
firet method which is arrived at ie
telected and executed. The meta-inference
for this selects the most suitable object
method by broadcasting fram the
input-gutput attributes declared by each
object. At this time, there are multiple
paths which exist, buet in order to deal

with them it is necessary to establish
some kind of evaluation standards. !
meta-inference has many strategies for
that purpose, For wexample, if every

method is appended at processing time, by
considering each method at the defined
Processing  time  from  any number of
candidate paths, the path with the
Bhortest processing method ie selected.
When the processing tims is not fixed, the
method using the least number of pipes is
used, htiributes which have different
name caps but have the same meaning, can
be defined for that purpose.
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Fig. 2 Binding agent and meta-inference
B. MENDEL SYNTAX SUMMARY

The object is configured from the
meta-knowledge and object-level knowledge.
Meta-knowledgoe isg the knowledge
concerning the concept "which way can be
used, and which way has to be used?", as
well as the external object specifications

and ecpecially the interface
relationships. Faor object-level
knowledge, the processing contents are
described from the  extermally input

B

mesBages, The Actual external
independence of the object-level knowledge
can be increased by dividing the
meta-knowledge and the object-level
knowledge. In the MENDEL objects there are
classes and instances. Initially, only
the class of sets exists in the Bystem.
The binding agent then selects and bhinds
the necessary classes. When the binding
is completed the object is called an
instance. It is alse poszible to create

multiple differing instances frem the
identical class,

Object-level knowledge is configured
from any number of methods and common
knowledge, The irput wvalues (attribute
values) are obtained from each pipe and

the attribute name of each pipe cap are

called the port table. The obiject is to
gtart the appropriate method if messages
are reccived in this port table. The

method is declared as follows,

Methed {attribute ? logical wariable
name} ... (lattribute ! logical
viariable nams ...)

-- Proleg clause body
Frolog clause

If the logical variable after each
attribute? has just been input from the
port table, that method is started. Then,
when  the methed is  completed, if the
logical wariabie after attribute!l is
urified, and the unified wvalus is output

io the transmission pipe throogh the part
table, The MENDEL description example is
shown in Fig. 3,

Emploves Access

i

spec |

supersi Employess |
melhod| name? sex? idnumber! )
method! neme? age? idnumber |
method| fo17 mge? idnumber! )
]
Body:l
melhodi neme X $2217Y jdnumber I
c-database{ L X ¥, _ ).
]
method! peme ?X spe Y idpumber @
-databpsel I X _Y)
¥
method] sex 7Y ege 7Y idoumberl?
o-dalabasel 2, _ X Y )
)

Fig. 3 Example of MEKDEL

Meta-knowledge  includes the following
three items,

1y imput-sutput description of the method
2} super class definition

3} definition of internal state variables



The input-output Bpecifications of all
cbject methods are expressed using the
system predicate "method"”.
method (attribute? ... destination ID:
attribute] .

The destination ID gpecifies the
destination of messages and includes these
types.
ob ject name - specifies the object
name directly
METAPHOR - decided by meta-inference
BROADCAST - is broadcasting

{transmission {!) only}
The default wvalue is METAPHDR. The
binding agent performs the binding using
this meta-knowledge. The mast  basic

binding rule is to connect pipe caps which
have the same attribute name by pipes.
The defimition of a super class uses the
system predicate "supere” (statement).

supers (upper position object name)
When thie is specified frem the upper
level object, its object inherits the

undef ined predicate.

This is the defimition of internal state
variables.

variables (variable name! initial
value)

The system predicate “communicatc" is
called the expanded medole eall, If the
given attribute and the desired attribute
are specified, the appropriate ohiest is
selected and binding is performed. The
desired atiribute wvalue is obtained by
operating each ebject cencurrently. Since
the object selection and binding are left
to meta-inference, the program description
L& unnecessary. When binding is porformed
for a meta-inference, the fcllowing is
expressed,

Communicate METAPHOR (attribute! logieal
variable name ... attribute? logical
variable name .,.)

This communicate sentence is  not only

written for a Prolog clauwse of a chject

bedy part, but is alsc used for the goal
calls to open 2 MENDEL program.

The description of concurrency and
hivrarchy is also possible by using the
commyunicate statement, The portions
surrogunded by the communicate statement
beccme the AND-parallel deseription. In
the communicate statement, the Froleg
proedicate can be  considered te be  the
cbject. on  one hand, concerning the
hierarchy, it the geoal clause in the
communicate statement is given, an
inference configuration which i1s boand by
the meta-inlercnce is formed. If a
coereunicate  statement  appears  in the
instance body part; the lower level
canfiguration is formed by the
meta-inference. At this time objecis af
the same «clase  exist for differing

instances in each of the
conf igurations.
For the proceesing units

Buccessive

[tasks) of

real-time EY&tems to be executed
concarrently, the problems of
synchronicity and exclusivity are
produced. In MEKDEL, message passing from

object concurrency is not the procedure
call format adapted in Smalltalk-B0[31].
When MESSages are transmitted in
Smalltalk-80, the program contrel is
trensferred to the object receiving the
megsages, and the method whieh corresponds
Lo those messages is executed. The return
value is then sent to the transmission
side object, and the rules are adapted.
Since each concurrent object execution is
diffiecult uwsing 7Tules like this, the
concurrent object-oriented language
regquests the no-refurn message passing for
transmission only. Fer the concurrent
object, the messages are SEent
agynchronously from  the concurrently
operating object, and the method is
selected according to the combination of
those messages. In the example
mocthod (a?, b?, 7, d!}
when a?, b¥, ©7 are transmitied from

different objects, tLhis method is not
selacted until ar, b7, [ are all
completead, Conseguently, when multiple

messages are transmitted from different
objects, the initial method is selected
when the messages are totally completed.

In MENDEL, the synchronous structure far
this jpurpose exists internally. The
selection method for MEKUEL is considered
to be attached to a Diijkstra's guarded
cammand [ 2] . For the declared message,
when a certain compound *and" condition
beacomnes true (i.e., when all messanes are
completed, or when the conditions of all

message contents:  are satisfied}, the
execution of the message is performed
since this guard is permitted. When the

object method is selected, and another
message is sent to the object during
execution, the most recent message will be

processed.
The following syvstem predicate is
providoed in MENDEL for simulation

description use.

fdecresource (resource pname} =
regouree declaration

$melze (resource name) : resource
secured

Srelease (rospurce name) : respurce
release

Sdectime (time]
declaration

Shold {time)

simulation time unit
pericd of time of hold

€ language is called from MEKDEL by
using the  system predicate, and is
performed by the Susercall command, The
firat argument of the $ usercall ecommand
is the € language filename. The second
and succeeding parameters are the



arguments ol the object funclion. The
gymbols # and | are attached before each
argument te distinguish between each input
or oubtput parameter.

For process control systems which use
external production econtrol devices, in
erder for the time and conditions to be
modified together, it is difficult to
eXpress the system adeguately by only
using the predicate calculue. Therefore,
to apply the expert system in the real
time process control system, it  is
necessary to overcome this problem point.
MENDEL adapts temporal loyic which solves
the problem mentioned above. Deadlock may
occur, especially when the execution order
ot the concurrently operating object is

not regulated. Definitions are prodoced
whilth are necessary to det ine the
segquential relationship between the
abjects, In MENDEL it 1is possible to

regulate a message exchange which does nat
produce deadlock by meta-inference, On one
hand for object-level knowledge, the
temporal relatienship operation  in  a
ebject-level system can he expressed by
temporal logic, but there is also the main
purpose of alse uwtilizing a simulation

which evaluates performance factoers.

MENDEL object generation

For suppart systems for real timae
syetems, the objective is to create a
HMENDEL object by program transformation
from concurrency, and temporal dependence
regquirement specificaticns of rcertain
real-time sSystems. In this case program
transformation ig realized by egither
algorithms or expert systems,

The meta-knowledge of MENDEL are first
generated from the requlrament
spacifications by program transformation.
In MENDEL the reguirement specifications

aroe configured from the 5y S tam
transitional logic and the reguired
proposition. The system transiticnal
logic is the expression of the SyStam
logic by the Petri net, The "fact® in

@ach transition unit is described here,
Tuis 15 the description format,

transition (transition name, inpuet

place name, eutput place namel
The reguired propesition is the
description by temporal logic of temporal
felationship between each transition, and
the determination of the system gperations
described by system transitional logie,
The exchange of messages between objects
to avold deadlock is realized by these two
descriptions.  This means that the MENDEL
meta-knowledge is generated., At this time
the generaticn is performed by the
expanded method of the tableauw method in
the temporal logicl4). The procedure is
as follows.

o begint begin2

endl end?

Fig. 4 Example of mutual exclusion

transitionibeginl [placel L [placeZ])
transition{endl,[placel, placed],[placel, placed]).
transition{begin, [place5|, |places)).

transitionend?, [placed,placet].[placed, places)).

Fig. 5 System transitional logic
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CIEP27begin 2 = ({ —P17bepinldLi (P27%nd 2)))
OiF o QP2

Fig. 6 Required proposition
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Fig. 7 Part of meta knowledge



1Y A tableau graph is generated by the
tableau method.

2} Tne system is checked to make sure
that no deadlock condition exists.

1) The meta-knowledge concerning message
exchange is created.

A simple example is shown in Fig. 4.
Frocese Pl and PZ are exchanging 5 which
is the critical section at this time. 1In
these relationshipe, Fl is sending the
begin-1 and end-1 message to %, and F2 is
sending the begin-2 and end=Z message to
5. The corresponding system transitional
logic for these relationships is shown in
Fig. %, and the reqguired proposition is
shown in  Fig. 6. The MENDEL meta=
knowledge is creabed from these
deflinitions as shown in Fig, 7. In this
case, Fl, Pz, 5 and the object N which
shows the tableau position are created.
From a given user regquirement, the
components to satisfy that reguirement are
selected and cosbined by meta-inference,
s0 it is possible te configure a prototype
rapidly. By using these input-ocutput
specifications  which are generated by
tableas method mentioned above, it  is
indicated if a check would be made to
determine whether a series of conponents
exist or not. Component detecticn L5 also
possible using the specification level,
since information concerning object=-lewval
knowledge can b described by
mta=-knowledge, and pecause the
meta-knowledge level can be detected.

CONZLUSION
- The summary of MENDEL has been
briefly descr ibed. For the
intelligent programming ENVIronment ,
MENDELS is  under development, The

interpretation ol intelligent programming
environment for this MENDELS is not that

auitable programs can be automatically
created by inputting ambiguous
specifications, But that if rather

stringent speciflcations are persistently
assumed, lightenrlng the burdenr of the
intellectual opcrations of programming.
The key peint of MENDELS are functions
which effectivaly implement certain
meta=inferences providad by the
distinguishing characteristicse of MENDEL.
In other words, rigidly classified types
dre incorporated in attributes, ard the
interface between types is syntactically
and semantically strict. However since
enly simple strictness becomes difficult
to use, the ACM (Acttribute Control Module)
is provided., MENDELS is configured from
the MEKDEL eempiler and the object manager
which includes ACM, ©DWIM, intelligent
editeor etc.
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