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Abstract environments, and on the second aspect which is
concerned with version and configuration management.
We will show in this article how Tempo, a process-centerewith the more recent development of process-centered
software engineering environment (SEE), assists ilsoftware engineering environments, programming-in-the-
cooperative work by means of an approach based on many has been identified as a major field where concepts,
communication model. We will describe the eXQCUtabhmechanisms and tools need to be provided_ Experimenta|
formalisme used to define software engineering activitiesstudies show that 70% to 80% of software engineering
and we will show how contraints related to the use Oqctivities are based on communication and collaboration
objects in these activities are expressed using the rolpetween development team members working on the same
concept. We will then present our communication modeproject. Such cooperation should be integrated into a
Thanks to this model, strategies governing the cooperatiosoftware engineering environment (SEE) to offer a
between various software processes are specified by tlconceptual framework where activities involving software
concept of active, programmable connections. Aengineering, resource sharing, coordination, collaboration
connection is a communication channel that links twcand Synchronization can be described and controlled by
roles. Message exchange is controlled using TECA rulethe environment. By using such an approach, the resource
(Temporal event-condition-action rules), executed by isharing strategies, communication and coordination within
trigger mechanism. These allow for programming ofthe development team, and synchronization of software
synchronization strategies between processesengineering activities may be explicitly described using an
propagating the effects of an executed action on one texecutable formalisme and then implemented in the

more connection points. The temporary modes of TECenvironment by a process-centered SEE [3] [6] [7] [8]
rules allow for transactions of long duration, because[21].

these can be used to reason on past activities. Coheren ) o

control of objects handled by activities of long duration isBased on Adele [3], an environment for programming-in-
performed by the work environments. The union betweeth€-large which supports software product structuring and
connections and work environments makes it possible OPI€CtS versions, we started the TEMPO [5] project in

support of the cooperating processes and object sharinorder to take into account the production and evolution
between these processes. strategies of software systems. TEMPO is a SEE piloted

. by an executable formalisme which allows description of
Keywords: Software process, software engineeringsoftware process models, object views, and elaboration on
environment, communication, cooperation,the strategies of cooperation, communication [4]. In the

synchronization, triggers, object viewpoints; following text we will stress those aspects of TEMPO
_ which relate to cooperation, with particular emphasis on
1.0 Introduction the two following aspects:

The problems of developing large volume software arel) Resource coordination. This is the problem of object
well-known. They can be classified as programming-in-sharing among team members. We will show how TEMPO
the-small [11], programming-in-the-large [22] and supports activities of long duration with the role concept
programming-in-the-many. By programming-in-the-smallMany roles may be Call_ed on by activities Whic_h_execute
we mean the development activities associated witconcurrently (cooperating processes). An activity takes
someone who develops a module or program alonéPlace within a context called a work environment. The
Programming-in-the-large means development activitiework environment is a unity of regrouped roles strongly
involving many components, and programming-in-the-linked together by a particular level of communication.

many refers to software development activities involvingz) Cooperation between the agents who share the model of
several agents. Research has focused for some time on 3" common software process. We will introduce and

first aspect with the development of the programmingyeyejop the concept of active, programmable connections



end_date = DATE;
deadline = DATE;
METHODS. ..
RULES ...
END_OF ModifyDesign;

as a means of expressing the cooperation an
synchronization strategies.

2.0 An overview of TEMPO

As figure 1 reveals, TEMPO consists of two basic parts: ) _
ReviewDesign ISA PROCESS,; ...

1. Aresource manager using Adele as a persistent objec
base for storing objects and activities and for tracing
the project’s progress.

The example above shows the software process type
MonitorDesign, composed of the sub-processes
ModifyDesign and ReviewDesign. The activity
2. An activity manager. The temporal event-condition-coordinating the module design document modification is
action rules (TECA) and the trigger mechanisms arqepresented in the TEMPO formalisme by the
called by the activity manager, which also offers defini-MonitorDesign type. This is composed of two sub-
tion concepts, activity structuring using process an(processes: ModifyDesign and ReviewDesign.
role concepts within a process, and work environmerModifyDesign is the type which describes the design
support. document modification process, and ReviewDesign is for

revising this modification.

2.1 The software process model . . .
It is possible, for every process type, to define attributes,

TEMPO [5] describes and executes software processes. methods and temporal constraints by using the event-
software process model of considerable size may thus lcondition-action rules.

written by a group of various software process types. /
software process type has a recurrent definition. Itis 2.2 The temporal contraints

mixture of several software process types. The concepts .
specialisation/generalisation and composition/sonware process enacting is controlled by temporal

decomposition, defined in the data modelling portion, arcontraints. To do so, a design structure must be provided

also used to model the software processes which allows tracing and rendering persistent any previous
states, and then describe the temporal contraints and verify

For example, an activity to check a module desigrthem during software processes enacting execution.
document consists of two sub-processes:

1. A sub-process which models the modification activity 2.2.1 Temporal event-condition-action rules

allowing modifications to the design document. Temporal contraints are described in TEMPO by temporal

2. A sub-process which models the revision aCti\,ityevent—condition—action rules (TECA). TECA rules in

allowing approval of any design document modifica- T EMPO are similair to Alf [20], Damokles [12] and
tions which have been made. HiPAC [10] rules.Interpretation and execution of these

rules are based on Adele’s triggers and its object

MonitorDesign ISA PROCESS;
CONTROL md;
sub = ModifyDesign;
card=1;
CONTROL rd;
sub = ReviewDesign;
card =1;
END_OF MonitorDesign;
ModifyDesign ISA PROCESS;
ATTRIBUTES
begin_date = DATE := now();

Resource Manager
Adéle database

Multi-version, multi-user

Entity-Association data model + O.O

management system [3]. For example:

ModifyDesign ISA PROCESS;
ATTRIBUTES
begin_date = DATE := now();
end_date = DATE;
deadline = DATE;
METHODS
continue_execution;
RULES
(1) AFTER WHEN deadline_arrived

Figure 1 : Overview of TEMPO

Activity Manager

Trigger
Temporal ECA rules
Software Process Modeling
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DO stop_execution; AFTER {liste de triggers}

(2)PRE WHEN continue_execution ERROR ({liste de triggers}
IFPAST not deadline_changed . .. .
FROMast(deadline_arrived) UNTIL Some trlggers act as pre—condltloqg (before the main
now() action), while others act as post-conditions (after the main
DO ABORT: action). Any incoherence detected during trigger
END_OF ModifyDesign; execution rejects the action performed on the database.

. - o . Thus, for every action the following block executes:
The rule described in line 1 specifies that the desigi y g

document modification activity must stop when the date ~ PRE {liste de triggers}

foreseen has been reached. méthode
o . S POST {liste de triggers}
The rule in line 2 states that resumption of the activity (it ) ] ) )
hasn't been completed yet) first requires that theThe entire block is considered to be an atomic, short

termination date be changed. transaction even if the related rules or corresponding
action triggers other actions. A simple “ABORT”
222 TECA rules execution module encountered in this block allows for complete cancellation

of all operations performed in the block.
TECA rules are defined in the data model (not shown it L . . .
this article) and in the software process module. They arIf th? transac,:'tlon Is committed, the rules a;somated with
inherent in the hierarchy of object types and softwar(the AFT_ER_ blpc_k are executed; otherw_|se, once the
processes. In the data model, the TECA rules descritzransaCt,',on is finished, the rules associated with the
integrity limitations which are independent of the object’s ERROR" block are executed.
usage context. On the other hand, these rules are usedA relationship’s TECA rules are executed each time an
express the software development strategy used in ttaction is performed on a relationship (create, destroy, etc.).
software process model: order of activity execution We added rules to control actions performed on objects
activity synchronization and software resource usaglinked by a relationship. Thus each object may have a
limitations. behaviour determined by its relationship to other objects;

A TECA rule is expressed in the following manner:thIS Is how aggregates are controlled, for example.

“WHEN temporal-event DO Method”, where “temporal- An action performed on object X will execute the triggers
event” is the temporal predicate expressing : defined in the relationship where object X is the source
(identified by the keyword ORIGIN), and the triggers
defined in the relationship where object X is the

2. a state in the present or past object management sydestination (identified by the keyword DEST).
tem.

1. an event in the present environmental state or

The clause “event” in the TECA rules is interpreted with
Method is an instruction sequence. respect to the historical log of the Adele object base.
DEFEVENT delete_obj = [ lcmd = rmobj ; Temporal limitations are verified by an inverted route of

_ _ _ _ _ _ the object’s historical log from the moment the event starts
The delete_obj event is defined in this example as beinynti| the temporal restriction is met. If the temporal

the event which survives whenever the current commanyestriction is not verified, no action will occur.
(fcmd) is an object removal command (rmobj).

A method is a program written in simple, direct language2-3 ~ Object roles

similar to the Unix shell. The problem with multiple perspectives or multiple
METHOD delete viewpoints often occurs during a software product life
IF [state = stable] THEN ABORT cycle. This is due to the fact that several users treat objects
ELSE “rmobj %name ”; concurrently, using different views of the objects with
END delete; limited, controlled actions specific to their activity. These

users, controlled by multiple development strategies,
handle different models of the same product. A SEE
should provide a work environment which can describe
A TECA rule, defined in a type, is executed by Adele’sand control these various aspects.

triggers whenever the related event is true for an instanc

of this type. There are four modes of trigger execution fo

each type:

This method allows for object removal in an unstable
state.

PRE {liste de triggers}
POST ({liste de triggers}



Thanks to the role concept, TEMPO allows each softwar ROLErequested_change;
process occurrence to have local contraints and properti derived_from = cc_request;

for each object treated [4]. SRey _
END_OFReviewDesign;

T T2 T3
3.0 Resource coordination: the work
environments
Definitions
R1 :=ISAT1,T3,T3 In classical database management systms object coherence
must always be ensured by the system. In the software
ol 04 o7 engineering context, where activities are of long duration,
02 05 08 it is difficult to require that these objects stay coherent
03 06 09 during software process execution [1]. For one thing, such
incoherence comes from the integration of different views
T I2 T3 within a single description. On the other hand, this
incoherence stems from the fact that different activities
Instances may share the same object over a long period of time.
R1 Nonetheless, a SEE must manage this incoherence so as to
o1, 05, 06, 09, 010 ensure cooperative, parallel processing during all stages of
the software’s life cycle [24].
ol, ..., 010 ::=Software object To manage the coherence (or incoherence!) of shared

T1, ..., T3 ::=Object Types

objects, it is necessary to provide mechanisms to
R1 ::=role types

coordinate the users of those objects. With relational

Rol f a defined t A role t ¢ databases, coherence is assured by the concept of
oles are of a defined type. A role type may reterency,, g4 ctional atomicity, and coordination is taken into

differe_:nt types of objects_. This allows for_ the inte_grationaccoum by the serialisation of these transactions.
OT various types of b_ehawou_r gnd pro_perﬂes, coming fronAlthough this type of mechanism is also necessary in
different types of objects, within a unique perspective. B)software engineering, it does not provide an adequate

using this concept, TEMPO unifies the treatment of ¢solution since we find ourselves in a context where several

heterogﬁr_le:)hust set tOffOleD.eCttst' The a_(tllr\llz_r;[agetoft t?concurrent activities share objects over a long period of
approach 1s that a set of object types wi ierent stallime. In such a context, the transactional mechanism must

and _dynamlc c_haracterlst_lc_:s may, using the role CONCERHe modified and/or extended to meet this new requirement.
be viewed during a specific software process executio
§tep in a_coherent, _homogeneo_us fashqon. This coherer_13.1 The check-in/check-out model
is maintained by using the multiple heritage rules used i
the object oriented models. The principal difference i<A lot of work has been done in the field of SEE’s to
based on the extent of the roles. At the definition level, furnish a framework which supports coordination by
role type is viewed as the specialisation of the types ibuilding mechanisms to manage long transactions [2] [9]
contains (see diagram above). However, at the instan{18] [21] [23]. Generally, such work results in models for
level: long transactions similar to the check-in/check-out model
[13][216] [17]. In this model, shared objects are taken from
the central database and made available to users in their
respective workspaces. Generally a workspace is
2. A subset of objects pertaining to these types maimplemented in the form of a file management system
belong to the role. directory [25]. Once in the workspace, the user can modify
the shared object with no conflict from other users in the
environment who can continue to consult the version
available in the central database.

1. Objects created from a role are not included in the
role’s specialised type extensions.

A software process type may have several role types;
software process becomes a list of roles whereby eac
object type may have different roles. Consequently, twe
objects of the same type may be controlled differently
within the same software process. At the same time, a
object can play roles within different software processesFor every software process occurrence, TEMPO provides
For example: a work environment in which activities are executed, and

objects are modified by the use of automated (such as
compilers) or interactive (such as text editors) tools, etc.

3.2 Our approach

ReviewDesign  ISA PROCESS;
ROLEunder_review;
derived_from = specification_document;



An object shared by multiple work environments may be3.3.1 Branch management
modified within each work environment where that object
is used. We start from the notion that we can create one
many versions of the same software object (Adele’s obje(
database allows this). Once a shared object becomes

Figure 3 depicts a scenario where software object O is
shared by two software process occurrences, WE-1 and
WE-2. The source object stored in the database has three

target for modification, a new version of this object is:evmtons. _Thg s\';\:;\;c]us &:E{.”bul;? 'rl 'Fhe Ia;?f_re(;n_suiﬂ 'Svigufl
created and made available to the user in the wor'© NOLrevisea. eén this object IS modined in the )

environment where that modification was requested. ThWork environment, an alternative (O.1) is created and

modification is made to the new object version, and not t‘plac_ed under its cont_rol. In th|_s example, the WE-1 work
the source object. This new version has a life span limite€NVironment alternative acquires the contents of the last
to that of the work environment in which it is located revision, as well as the status attribute value, from the

database. Once under the control of the WE-1 work
In order to control coherence between long transactionenvironment, the attribute values and the contents of the
we require that these transactions be performed in O.1 alternative from object O can be changed by making
hierarchical manner, like the one described in [16] [17]revisions when object O.1’s contents are updated.
and [19]. Thus, whenever two work environments wish tc
share the same object concurrently and modify it, thes
two environments must use the same root object.

In a similar fashion, an alternative for object O is produced
and made available to the WE-2 work environment
whenever an update is requested by the user responsible
for that environment. In a similar fashion to the WE-1
work environment, alternative 0.2 from object O can
The following diagram shows an example of sharing ichange independently from alternative O.1 and source
software object. The object O is shared between thobject O.

software processes WE-1 and WE-2. After placement i
the work environments of these two occurrences, object
may undergo updating. The updates are not propagate
That is to say, object O in occurrence WE-1 may be
modified without affecting the activities happening in
occurrence WE-2, and vice-versa. To render this possibl
an alternative to object O is automatically created an
made available for every occurrence whenever an upda

is made to this obJ:ect. The creqted alternative is reservea work environment may be successively partitioned into
for the work environment which corresponds to theseveral sub-environments by respecting the partitioning
software process occurrence. Figure 2 shows twcryles described in the software process types. Each “son”

alternatives 0.1 and O.2 of object O which arework environment may initially handle only one object
respectively reserved from occurrences WE-1 and WE-2.gbset from its “father” work environment.

3.3 Example of sharing

This solution allows a group of users to share a set of
software objects. Each work environment belongs to a
software process type; the activities which take place in
the work environment are thus controlled by the
descriptions providec within this type.

3.3.2 Partitioning a work environment

When an alternative is created and made available to iThe following diagram gives an example where the WE-1
occurrence, it acquires all of the source object’swork environment is partitioned into two working sub-

characteristics. The alternative’s attributes and contenlenvironments. Consequently, the sub-environments WE-1/
are therefore identical to those of the source object. Onca and WE-1/b may only handle alternative O.1 from object
located within the software process’s occurrenceQ. An alternative is thus created for each sub-environment

workspace, the alternative may be modified by revisionyhenever an update operation is performed within the
controls. The attributes may also be updated locally. context of these sub-environments.

Figure 2: Object sharing

Software Process Instancel : Software Process Intancel :
WE-1 : WE-2



module’s design, and WE-1/b for updating the control
flow specifications.

Work

Environment

WE-Va - WELb

o1

By using the TECA rules defined in both the role and
software process types, the unification strategy for results,
to be used by the work environments, can be described.

design_documment  ISA objet;

ATTRIBUTE
status = designed, reviewed, edited,
none := none;
no_of_changes = INTEGER:=0;

. . . END_OFdesign_documment;
According to the procedure for creating alternatives, - gn

described in the previous paragraph, the new alterna’tiveMOdhcyDesigJn ISA PROCESS:
0O.1/a and O.1/b acquire the attributes and contents 0 ATTRIBUTES

object O. begin date=  DATE:= now() ;

end_date= DATE
3.3.3 Unifying the work environments deadline = DATE

RULES

Modifications performed on objects in a “son” work AFTER WHENIeadline arrived
environment may be transferred to the “father” work DOstop_execution_;
environment whenever the user so wishes. This creates PRE WHENontinue_execution
problem for integrating the results between the work IFPAST not deadline_changed
environments. In other words, whenever the users attemy FROMast(deadline_arrived) UNTIL
to propagate modifications performed on shared objectsnow()
incoherences may appear. As opposed to standar DO ABORT

approaches where a strategy is generally imposed tEND-OPModifyDesign;

ac_:count for such prqblems, we h.ave provided .TEMPOModifyDataFlowDesign ISA ModifyDesign:
with a solution by which the user himself may define what ROLEdf:

the reaction should be, in case of a conflict. By using the derived_from = desgin_document;
temporal event-condition-action rules, the integrationenp_ omviodifyDataFlowDesign:

strategy the SEE must follow can be described.

Let's suppose that the WE-1 work environment is anMOd';ygfgé;_OIFIOWDes'gn ISA ModifyDesign;

occurrence of the Monitor-Design software process type derived_form = design_documment:
and that the WE-1/a and WE-1/b work environments aregnp ORModifyControlFlowDesign;
respectively, occurrences of the ModifyDataFlowDesign B

and ModifyControlFlowDesign software process types. MonitorDesign ISA PROCESS

Let's also suppose that the WE-1/a environment was RULES

created for modifying the data flow specifications of a WHENromote ~ UPONunder_design
IFPAST last(%mdf.df.status) ==

O

Figure 3: Branch management Object
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designed OR of the status of software processes being used by his

last(%mcf.df.status) == colleagues in the environment.

designed
DO During software process execution, there may be a
change_attr(%under_design,status,designed); sizeable number of software processes executing
CONTROINdf; concurrently. Each user must therefore select those
sub = ModifyDataFlowDesign; environments for which he wants to be notified. The SEE
CONTROINC; must allow each user to specify the important events
sub = ModifyControlFlowDesign; needed to complete his activities, according to what is
ROLEunder_design; supposed to be accomplished. After taking the notification

derived_from = design_documment;

into account, the user can enter into the data exchange
END_ORMonitorDesign; g

process and thus collaborate. The collaboration process is
In the MonitorDesign type, a rule is defined to control thetherefore composed of three steps: notification, decision
unification of results from activities concerning data lowand data exchange. Each of these steps must be SEE
specification modifications and control flow modifications.supportable.

This rule imposes the following restriction:

The design document will be considered as being cohere4'2 Synchronization

whenever the two work environments (WE-1/a and WE-To ensure that communication between SEE users is
b) have modified, respectively, the data flow and controcontrolled, they must be able to synchronise to each other

flow specifications. while they develop their activities. Without a
synchronising mechanism to help, a SEE cannot ensure
4.0 Communications protocol that the results exchanged between users is correct. In a

programming-in-the-large context, activities have a long
Software engineering activities are characterised by duration; it is therefore necessary that users be
heavy demand for coordination, collaboration andsynchronised as they develop their activities so that results
synchronization, since software objects are shared Eobtained may be integrated. If the SEE does not control
multiple users. One problem in such a situation is found éconcurrent activity synchronization, results may develop

the level concerning the control of shared objects. Fosuch a degree of divergence that they then become
example, questions such as those listed below must timpossible to integrate.

answered by the SEE: o )
Suppose, for example, that two activities of long duration,

-When, why and by whom was an object changed? A1 and A2, execute concurrently in the environment.
- How and when must these changes be given to the Suppose also that these two activities simultaneously
users who share that object? modify the same object, O. If the two activities are not
synchronised during execution, there is the danger that
modifications to object O will be impossible to integrate.
The SEE must therefore support synchronization between
activities of long duration as well as control that
These problems have been the object of numerous studisynchronization.

in various fields of research, especially in the databas

field. To solve them, various mechanisms have bee4.3 Our proposal for communications support
proposed. In the sections below we will show how thes:
problems guided our research, and TEMPO'’s solutions fc
solving them.

-What are the effects caused by this change?

- In which cases must the modifications be accepted o
refused?

We have found a lot of work which concerns
communication, collaboration, coordination and
synchronization with a SEE. We concentrated our

. attention on the coordination, collaboration and
4.1 Cooperation synchronization strategies between these activities. To
In order to permit data exchange between usersachieve this, we furnished the concept of a connection by
mechanisms which aid and stimulate collaboratiorwhich the communications protocol between software
between them must be furnished. The environment muprocess occurrences can be described, thus allowing these
furnish a communications protocol so that users may bactivities to become synchronised and contributing to an
advised of activity status within the environment. Thanksincrease in the level of cooperation and collaboration
to such notifications, users can know when and with whorbetween TEMPO users.

they must exchange data, or in other words, when an
under what conditions they must collaborate with eact
other. This is only possible when each user can be notifie

Connections are used to allow two software process
occurrences to become synchronised during execution.
The connections are thus a communication channel



between two occurrences. The following diagram gives a4.3.1 Connection plug-on rules

example for the occurrences WE-1/a and WE-1/b. By usin
the connection, the two occurrences can exchange messay
during their execution.

The conditions under which two occurrences must be
automatically connected are described in the PLUG-ON

clause. For example:

By using connections, a software process occurrence ci
synchronise the sharing of its results with another occurrenc
which is neither a “son” nor a “father”. This means that
connections allow a software process occurrence to t
informed of the status of other software process occurrence

and thus authorise an occurrence to react to those evel()
caused by other occurrences. For example, an update of obj(2)

0.2 in the software process occurrence WE-2 can trigge

designing

ISA CONNECTION
DOMAIN
ModifyDesign:UnderDesign ->
ReviewDesign:UnderRevision;
PLUG-ON-RULES
WHENreateprocess UPON (SOURCE ORDEST)
WHENillocate_ressouces
UPON (SOURCE OR DEST)

WHENontinue_execution
UPON (SOURCE OR DEST)
ACTIVE-RULES.. ..
PLUG-OFF-RULES . ..
END_OHRdesigning;

operations in occurrence WE-1 because these occurrences (3)
connected. Since the TECA rules may be used to reply to the
events, the connections can thus be used to suppc
collaboration between two or more software proces:
occurrences.

In the example shown above, a connection of the design
type will automatically be established for the following
events:

Work
Environment

1. Whenever an occurrence of the software process type
ReviewDesign or ModifyDesign is created.

2. Whenever new resources are allocated by the roles
UnderDesign or UnderReview.

connection
menssages- ()

O=

3. Finally, whenever the roles UnderDesign or UnderRe-
view receive a message allowing them to continue exe-

To furnish a design database where the connections and t cution

message exchange strategy can be described, we mak

connection type. A connection type has the following style: 4.3.2 Connection plug-off rules

designing  ISA CONNECTION
DOMAIN
ModifyDesign:UnderDesign ->
ReviewDesign:UnderRevision;

In a manner similar to connection plug-on rules, we can
describe for each connection type those conditions in
which a connection must be broken. These conditions are
described in the PLUG-OFF clause. For example:

PLUG-ON-RULES . .. ISA CONNECTION
ACTIVE-RULES . ..
PLUG-OFF-RULES . ..

END_OHRdesigning;

designing
DOMAIN
ModifyDesign:UnderDesign ->
ReviewDesign:UnderRevision;

The connection type’s domain is provided by the DOMAIN

. . : PLUG-ON-RULES
clause. Connections are always binary, meaning that they ex

WHENreateprocess UPON (SOURCE OR DEST)

to connect one software process occurrence with another.
connection’s granularity level is its role. This means that on
connection type describes the connection strategy between c
software process type and another, in a role. Connectic
instances are thus established between the roles of o
occurrence and the roles of another occurrence. In the exam|
above, the software process occurrences ModifyDesign arl)
ReviewDesign can synchronise themselves and exchange dP
by means of the designing connection. This connection will b2)
established between the roles Underdesignh and UnderRevie
respectively.

E

WHENMllocate ressouces
UPON (SOURCE OR DEST)
WHENontinue_execution
UPON (SOURCE OR DEST)
ACTIVE-RULES. ..
PLUG-OFF-RULES

WHENtop_execution UPON (SOURCE OR

ST);

WHENinish_execution UPON (SOURCE OR

DEST);
END_OFResigning;

This example describes the following plug-off rules:

1.

Whenever a message confirms validation of a halt in
activity of one of the two connected software occur-



rences, then the connection between these two occur-

rences is broken.

2. Similarly, if one of the two cooperating processes ter
minates its activities, the connection between them i
broken.

4.3.3 Collaboration rules

For every connection type we can describe a set ¢
temporal event-condition-action rules which permit date

exchange between two software process occurrences.
make this possible, collaboration rules must have access

objects handled for the two occurrences linked by the -
connection. The connection must also be capable ¢
following operations performed on these objects. This

3. This document must be allocated to the software pro-

cess occurrence undertaking the revision (line3).
Once the revision activity of the design document is
completed, the design_reviewed event is taken into
account and processed by this rule (line 4).

The results obtained by this revision must be promoted.
The promote operation is given for this purpose (line
5).

After promoting the revision activity results, verifica-
tion of corrections is performed on the design docu-
ment (line 6).

If corrections have been made, the design document is
automatically allocated to the software process occur-
rence responsible for its modification (line 7).

4.

5.

means that an update on objects handled by the twThe keywords ON SOURCE event/ON DEST event serve
software process occurrences A and B, which are linketo inform that the operation which started the event event
by connection C, must provoke events not only in thewas performed on either the connection’s source role or
context of occurrences A and B but also in the context cdestination role, respectively.

connection C. The TECA rules defined for this connectior

therefore deal with these events. For example:

designing  ISA CONNECTION
DOMAIN
ModifyDesign:UnderDesign ->

ReviewDesign:UnderRevision;

PLUG-ON-RULES
WHENreateprocess
WHENMllocate ressouces

UPON (SOURCE OR DEST)
WHENontinue_execution
UPON (SOURCE OR DEST)
CONTROL-RULES

UPON (SOURCE OR DEST)

1) WHENesign_completed UPON SOURCE
2) DO promote(%source);

3) allocate(%source,occurenc_of(%dest));

4) WHENMesign_reviewed UPON DEST

5) DO promote(%dest);

6) IF (%dest.no_of_changes >= 0) THEN

7) allocate(%dest,occure_of(%source));

PLUG-OFF-RULES
WHENMNtop_execution
WHENinish_execution

UPON (SOURCE OR DEST)
END_OF designing;

UPONSOURCEORDEST);

5.0 Conclusion

In this paper we’ve shown how cooperative work is
supported. It is based primarily on two components:

1. An object management system for controlling the
objects shared by a unique data model which unifies
descriptive data and relationships. Such sharing is
based on the management of a hierarchy of component

versions.

An activity manager controlled by an executable for-
malisme which allows software process model descrip-
tions. This model structures activities into basic units
known as process types, which become work environ-
ments at execution time. The software production pro-
cess is controlled by temporal event-condition-action
rules.

Strategies governing the synchronization and cooperation
between different concurrent process occurrences are
specified by connections referred to as active and

programmable. The communication description strategy is
made by rules defining specific synchronization strategies
between roles, propagating their effects when an action
executes on one of the two connection points.

The temporary modes of TECA rules allow for

The rules described in the ACTIVE-RULES clause statdransactions of long duration, because these can be used to

that:

1. When the modification activity of the design document
is completed by the responsible software process
occurrence (line 1), the design_completed event is
taken into account.

. The modifications performed must then be propagate
(line 2).

reason on past activities. Coherence control of objects
handled by activities of long duration is performed by the

work environments. The union between connections and
work environments allows for support of the cooperating

processes and object sharing between these processes.

TEMPO is a research prototype conducted within the
context of the Adele Project. It is implemented above the
Adele database.
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