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seerr Abstract ===

The scheduling facility of daily personal tasks js one of
important application facilities.  Some tasks often conflict
with other different tacks, while sowe must be performed
cooperatively with o persons.
arrange several conflicted/related tasks into one time axis
with other tasks/persons. Qur scheduling facility is
designed on the basis of the object-oriented paradiga.
of the characteristics is the task inheritance mechanism.
This makes it flexible to schedule conflicted tasks mutually.
Another is the message passing mechanism. This 1s
successful in the cooperation o shared tasks and pegotiation

. of conflicted tasks. .

1. INTRODUCTION :

The scheduling of daily personal activities is a very
ijntelligent job. fvailable snformation systems mst be
designed, more or less, so as 1o achieve the effective
scheduling mechanisms, without depending on whether the
subject of scheduling is the direct or indirect jssue!" .

Qur objective is to schedule various kinds of tasks, which are

attended to each persom, effectually with respect to the
relationships among persons. The tasks of one person are
always related to tasks of the others because individual
persons keep the different partnerships zwong their fellows of
organizations: the task to be allocated to one person is ot

Qur task scheduling problem mst be attached on the basis -of
the process scheduling pechanisn® though it 1is functionally
ooked upon as a kind of reservation systems.
He introduce a modeling based on the object-
oriented paradigm: persons are specified as active entities.
0f course, our task scheduling problem can pot always be
solved completely by the basic mechanism of the object-
oriented paradige. This is because the object-oriented
paradigm does not provide the ability to control the relation-
ship, like the grouping'COnCEPt, dynamically though it- is
effectual to analyze the entities and relationships in the
real world from a static point of view. In our f :
everything is an entity and also is represented as the object
snstance: person and organization. .

9. TASK SCHEDULING PROBLE®

He cerine our task scheduling problem, here. The goal
is to allocate all tasks, which are assigred to a persom into
his daily time table consistently, according to the task
properties. In some cases, the allocation stratesy is not
always easy to satisfy the properties of all tasks completely.
This is because tasks are generated independently from
different persons/organizations.

[Definition-1 (agent)]

The agents are entities, as pseudo persons, o be
manipulated in our task scheduling systea. Fach agent has
his own daily time table, and mst schedule his tasks with
other agents cooperatively. The agents as autonomous
objects have their own peculiar knowledge for handling the
task allocation, in addition to their daily time tables and
operational procedures.[ -

{Definition-2 {environzent) ]

Environments are interrelations among eatities, as pseudo
organizations. A1though each environment also accospanies
its osn daily time table, it is a heteronomous object.l]

[Definition-3 (hierarchical structure of environments) ]

The environments construct  the hierarchical structure.

The link between upper and lower enviromsents represents a
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kind of aggregation: Part0f relationship. In this case,
the tasks scheduled in the upper enviroment are inherited
to the daily time tahles in the lower environments.[]
This inheritance mechanisa of scheduled tasks is conceptually
similar to the property inheritance pechanisn in the object-
oriented paradigm.
[Definition-4 (reiationship between agents and environments)

Individual agents can participate to appropriate environ-
ments dynamically, and construct a Kind of ageregated relat-
jonship: MemberOf. The parts of their scheduled tasks can
also be inherited from dynamically linked envircuments.

[Definition-3 (task) ]

The task is an executable event either to be performed by
agents or to be held inm environments. The tasks are
usually characterized with various attributes: task name,
task type, task priority, starting time of task, available
period of task, owners (agents or environments) generated
the task, mesbers (other agents) related fo the task,
alternate starting tioe, conditions and so on.]

1t is umecessary that all attributes are always specified
when the task is generated.
[Definition-6 (task type)

Individual tasks are classified into appropriate classes.

The task type indicates the categorized class of tasks. 5

The priority 18 fundamentally assigned to 9 different task
types.  1he pricrity awng tasks is the partial order.
However, another priority can be specified directly to each
task in order to manage acute tasks effectualiv.’

The concept of our priority is not always powerful to solve
the conflictions among various kinds of tasks. A practical
solution strategy among conflicted tasks will be performed,

using several parameters, in addition fo the task priority.

[Definition-8 (commmication) ]

Each agentcancammicateuith apother one by the message
passing mechanisn in order o allocate mutually related
tasks intelligently. When an agent also cosgnmicates with
all other agents related to an environment, the broadcasting
function supported in the environment is effective. ()

These definitions mke it clear that the framework in our

task scheduling systes is characterized suitably on the basis
of the object-oriented paradign. In particular, the concept
of environment is very successful with a view to modeling the
mutual relations among agents, in addition o the concept of
agents. He can represent the basic framework of ouwr task
scheduling system as j1lustrated in Fig.l. i
definitions, we define our task scheduling problem.
[Definition-9 (task scheduling problem ] .

Our task scheduling problem is to allocate tasks into the
daily time tables of the related agents effectively so as to
be matchable with the task properties. Of course,
scheduling may be not always performed successfully in point
of satisfying with all properties because Ssoxe properties
among tasks often conflict. The cooperation and negotia-
tion processes are necessary 1o solve such conflictions.ld

3. A FRAMEWORK BASED ON OBJECT-ORIENIRZ SE#= 0

1 FRAMEWORK BASED ON OBJECT-ORIENTED PARADIGM
A global framework in our task scheduling system is very
similar to that in the object-oriented paradigm, ]
are different ‘in point of the detail concepts. A1l objects
in our fremework are entities: agents and environments.  1he
properties of object jnstances in the object-oriented paradign
are destined almost statically since the relationship 184 is
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defined among the classes in advance Hhxle, our autonomous
agents have their own peculiar properties in thesselves -and
also attach to appropriate enviromments dynamically. For
example, an agent “b” can move from an enviromsent "B to
another environsent “C” in Fig.]l.  The relationship MesberOf
of “b” for “B” is deleted, and a new relationship MesberOf is
established for “C".  Of course, “b” can also belong to “C”
simultaneously in addition to “B".  In this case, a part of
scheduled tasks in “b® is necessarily ioherited from 2
different environments “B” and "C” at once. Nexely, the
tasks for agents may be inherited from multiple environments.

Ye can summrize mutual relationships among environments
and between agents and enviromments in Fig.2.  The relation-
ships PartOf and MemberOf have the inheritance mechanism of
scheduled tasks from the upper to the lower. The relation-
ship PartOf is defined statically, while MemberOf is created
dynamically, according to the activities of agents.
4. STRUCTURE OF AGENT

Basically, each agent is composed of daily time tables,
procedures, actions, its own knowledge and so on. The
knowledge is personal information about the property of agent.
Individual agents can select their own desirable tasks from
some concurrently conflicted requests/appointments.  In this
case, the utilization of knowledge supports such a selection
process.  We show the conceptual structure of agent in Fig.3.

D State variables: These represent the internal states of
individual agents.  The variables are refered only by
actions and procedures, defined in the agent.

2 Daily time tables: These are the personal daily tables to
schedule personal and public tasks consisiently, day by day.
The other components work to manage these tables
effectively.  Peculiar tasks in the table may be reedited
througsh the inheritance mechanism of scheduled tasks,
planned in some environments.

3 Actions: These interpret messages to/from the other agents,
or manage each job.

4) Procedures: These are internal routines to manipulate  the
daily time iables directly. = . Therefore, these procedires
are operated as slave routines of actionms.

5 Yessage buffer: This buffer holds messages sent from other
agents temporarily.

6) Message selector: This picks up an appropriate message
from ithe message buffer one by one, and then transfers to
the actions which can evaluate the message.

T) Regular task list: This keeps some regularly scheduled
tasks for the agent.

8 Knowledge: This represents the personal information to
schedule tasks.

The knowledge and regular task list must be specified when
individual agents are instantiated. The agent is usually
instantiated in the following description form;

(ex.)
agent <agent nape> ;3
type { <task type>,------- b
class { { <task>,------ : <task type> } ,-e-cee- };
priority { <relationship of task types>,-------- .
regularity { <taslo: <tire attributes>,------ }s
In this description form, the section “type” declares

part1cular task types to be useful in the agent, and the
section “class” defines which task types individual tasks must
be accommodated into.  Of course, some tasks and task types
are pmssxgned in the task scheduhng system. Therefore,
the sections “type” and “class” are optional. The section
“priority” defines the private choice way among 2 different
task types, using mathematical comparison operators.  Final-
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Fig.3 Structure of agent

ly, the section “regularity” declares tasks to be performed

;%gul?r]y. For example, we consider an example of agent:
(ex.
agzeat A;
type meeting, play, study, trip, sleep,-----;
class meeting-1, meeting-2, meeting-3: metmg,
play-1, play-2: play,
study-1, study-2, study-3: study,
trip-1, tr1p—2 trip,
sleep-1, sleep—2 sleep,
priority meetmg>play, play>smdy. meetxn@slwp,----;
regularity meeting-1: y, 900//1100),
sleep-1 : (°veryday, 2400//700)
meeting 2 (Thursday & Friday, I(XX)//I'IOO),
plaY‘l (101 lm/ /17m)3
end;

Although this description specifies a property concerned
with an agent “A” initially, the attributes of the agent
property my be changed mzvely. This acample says
that the task type “meeting” is prior to “play” and play is
priar to “study”. In this case, the relatmnshlp “meeting >
study is not always derived frow both metmg > play” and

play >study” trans1t1ve1y. If neither “meeting < study”
nor “mesting = smdy is specified in the succeeded lines,
metmg > study” is generated transitively. Otherwise,
“meeting > study” is not acceptable. Additionally, in the
sectxon “regularity” regularly scheduled tasks are declared:
“meeting-]" must be held from 9:00 to 11:00 every Monday
“peeting-2” is effective on Thursday and Friday from 10:00 to
17:00, and so on.  These regularly specified tasks are, in
adval;noe, allocated into the daily time iables from the regular
tas hst

5. STRUCTURE OF ENVIRONMENT

Environments are passive and heteronomous objects, though
agents are active and autonomous objects. Therefore, the
structures of environments are almost similar to those of
agents, except for the functionalities. Of course, the
description  “enviromment  <emvironment name>  within
<environment nage>” is used in place of “agent <agent naze>”.
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1.6 Conflicted tasks among daily tise tables

*4ithin® defines a relationship PartOf for the existing
enviromment, if pecessary. :

The main different facility between agent and environment
is the coommication method.  The communication among agents
is 1:1 for agents/environzents, while the comsmication
facility of an enviroment is 1:n for agents. O0f course.
the commmication among envirooments is not meaningful because
environments are passive objects.

6. DAILY TIME TABLE

Tnder our iremework, e mention our task scheduling
facility on the basis of the inberitance mechanise among daily

s, *p°, °C", “D", E and *F" are heteronomous environments,
while "a”, “b°, “¢ @, “e® and "f” are autopomous agents.
“g*, “C" and “D” are inked to "A” by the relationship Part0f,
and “E” and “F" are also related to D. These relation-
ships are statically defined in advance. “p" attaches to
2", dynemically.  Similarly = to “C", “a” to “A" and E»
3 to "C° and “F, “e® to “E* and “F", and > o “F are
corresponded, respectively.  Tiese envirompents and agents
have their own daily tiee tahles.  Fig.4 shows relationships
__zmong  these daily time tables, attended ipherently to
individual objects. ‘
The daily time tables hold only their own directly

allocated tasks. However, individual agents <=0 have -
through

compositely scheduled tasks derived from eavironments
the ipheritance mechanism of the relationship VenberOf . of
course, the inheritance of scheduled tasks is applicable to
the daily time tables among environpents according to 1B
relationship PartOf: the Jower linked environments ca 1nh§nt
some scheduled tasks from the upper environments. Fig.5
shows the daily time tables of scheduled tasks, __composed of
both the existing scheduled tasks in environsents ard their
own scheduled tasks of agents.

In such an inheritance mechanisms, we must address the

confliction issuve for scheduled tasks among different daily
tipe tables.  Our scheduling strategy need pot necessarily
allocate tasks exclusively, which conflict or may conflict
mutually among daily time tables of both agents and eanviron-
ments because each daily tize table holds only its own related
tasks.  Of course, the consistent task allocation must be
done in each daily time table.  For example, consider the
agent "a” in Fig.4. “a" must inlzerit the aicdheéuled tasks

2" duplicates partly with the path «g*_""-"E"-"a", only the

path “A*-p"-"E-"a" is effective in practice. In this
configuration, we assue that the daily time tables bhave
individual scheduled tasks as shown in Fig.6()- Such
hierarchically inherited tasks
tables as illustrated in Fig.6().  Our scheduling stratesy

does not resolve the confliction problem on the ‘task

allocation, but copstructs an effective daily time table on
the table composition.

appointed plans/jobs may be changed alternately or canceled

suddenly until the day that they are performed practically.
Qur framework is aporopriate to monage alternative schedules.

Fach daily time table does pot include conflicted tasks as
a whole. - However, the scheduled tasks may conflict among
several daily time tables. Therefore, we must focus on 2
jssues: allocation of taskss and composition of an effective
daily time table. Here, we call the existing task in the
daily time iable as the scheduled task, and also call the task
to be allocated now as the current task.
(D allocation of tasks in each daily tiee table

The tasks are allocated into the appropriate daily tise
ranges according to the task properties. 1f the iime
position, which is assigned into the arrrent task, is emplys
the current task is set to the position.  When the curreatly

620

te several daily time

e 2 et bbb il b e ehi



AUTHOR | fausis

BOPAGER

NO Allocate hi
3 1(mmtn %e table.

Allocate current task
into the table. . [(ED

Regz to alloczte
Retry to allocate alternate
current task into time mto the
the table, again. le, again.
1 W

Fig.7 Allocation of fasks in each daily time table

Set top table to FIRST.

Set next hble, linked to top table, to SECOND.

——31H8tgesdxeduledtasksofFIRSTandm.

Rese:
‘lzble%.ggl ly
tiwe table.

Select hlgh

gnthe-.mk

| Select task of FIRST. |
&

Set Eﬁi table

to .
s?énfig ghlm
1!
to SECOND.

I

(2) table reduction for each path

St Tirst of mny tables to FIRST
t next of resnuned tobles to SECOND.

13

—>! Merge scheduled tasks of FIRST and SECOND. |

T

Select fask of high: | Select htjlvghhsk Setfirstof
eC [« m 1
Rt o h el | | Pttt To GHLND.

iy N

) le reduction for tables

Composition of an effectlve daily time table in the hierarchical structure

assigned time position has been already occupied by another
existing task, the task confliction problem occurres.  Fig.7
shows the resolution algorithm for the confliction problem
between the current task and the scheduled task. Although
our resolution strategy depends mainly on the relationships
among 2 priorities and the assigmments of alterpative tiwes,
the direct menipulations of users are required when the
resolution process is failure.

(2 composition of an effective daily time table in the -

hierarchical structure

The scheduled tasks are distributed over individuwal daily
time tables in the hierarchical structure.  Of course, there
are meny pathes from the top environment to the agent through
the multiple inmberitance mechanism. Therefore, the
composition process of an effective daily time table becomes
equally 2 graph reduction problem along multiple pathes.
The reduction procedure is divided into 2 steps: the reduction
along pathes; and the reduction for a table set, derived from
the hierarchically reduced tables., In the first step, the

resolution process for conflicted tasks is mainly dependent on

the priority as the first parameter, and the level in the *

hierarchical structure as the second parameter.  Nemely, the =
scheduled task in the upper level is prior to that in the =
lower level. .
tion the global rules control generally the local rules. In

the second step, the selection process for conflicted tasks is
executable on the basis of the same paremeters as the first

-step.  These processes are shown in Fig.8.

8. CONCLUDING REMARKS

In this paper, we addressed an architectural framework of
the scheduling system for daily persomal tasks. In
particular, our objective is to manage effectively the daily
schedules about the activities of persons, who must interact
to various kinds of organizations and/or have contacts with
many groups/co-persons. Thus, we applied the object~
oriented paradige to our task scheduling system with a view 10
modeling the following issues successfully:

621
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Fie.9 An exale of scheduled time table

@ Individual entities have their omn schedules when persons

and their organizations are looked on as different entities;’

(9) Persons can of ten perform the alternative task soon when
the existing task was canceled;

(9 The activities of persons in some organizations are, more
or less, restricted by the schedules of their organizations
without depending on persons’ schedules;

(4) Persons have their own selection abilities in case that
several tasks conflicted simultaneously.

Our task scheduling system must manipulate active objects,
by themselves, to be interactive concurrently. However, the
relationship IS4 is insufficient to control dynamic relation-
ships between persons and organizatioss. Soe organizations
are tewporarily geserated by some persons. In our framework,
every object is an instance as a person (agemt) or an
organization (environment). Thus, we introduced the
relationship PartOf (for organizations) and MewberOf (for an
organization and agents).  Now, we have been developing a
prototype of the task scheduling system on UNIX. For
example, in Fig.9 the scheduled tasks about the daily time
table is shown. Additionally, after having allocated a new
task the status is illustrated in Fig.10.

e have some future work.  The most important subject is
an improvement of the selection process for conflicted tasks
and a developeent of the cooperative message-exchange facility
among related agents.  The current version is designed too
loosely to deal with such comsplex processings. However, .it

is provable that our framework is very intelligent to support
a secretary facility in office information systess™
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