Compatackn ¥ Sisicpess ¥id 8 Mod pp. 127 - 119
52000, 0 - IPN (55N JaS-5544  Impreso en Miéxioo

Temporality Specification in Automatic Production
Software Environments Based on Object-Oriented
Conceptual Models

Carlos Meneses™ Osear Pastor®, Junn Carlos Molina® ond Emilio Insfrin’
Propranis de Ingeideria de Sistemas v Computacsin (50
Universidsd Tecnabigica de Pereira, La Juliia Peneirn, Colimhin
'Trepartament de Sestemes Informdiics | Computaeid (D51
Universiag Politgcnica de Valinein, Cami de Wera = 40022
Valéncin, Hspafin, Tebéfonp:+314-96 387 7734

comails [cinsfon, opasior, cmeneses, juamieud ) e dsic.upy.es

Fincele e e g flecpinher BTG - L i 100 L Sl L
dein it Doy e o

Abstract

I arder o represent e siotic o dommmie aspoeets of @
swstem, aocording fo B real worla modelimg mecesyiies iv g
stz vy, I &5 fsrporian bo inclnde a bepporal expressviey
whose specification allows fo obfain an application it i
Sunctionally equivalent o the concepiial model,
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in particulor fr ats task titfed “Specification methods for
fransactions in phase of corceprual modeling v OO0
grvironments”, Mur research groag OSIC-UPE (Falencia,
Sporint) werks d the definition of o automatic prodiveciion
sofveare eavirewnment hased ow femporal concepiid models
The wark v orlented fo the specification amd design of
transaetions from s methodelagical CC-Method appraasch
The objective of this article is fo present how the properties
that allow to captire e temporal expressivity of object
T rm:..:epfmn' prackely e r.rr.l'r.'.n:lluu'h':ﬁ' anclinclod 1 Mo
O0-Methad presevving the mwtomatic generabion of the
CEFrEx R oin 4 ﬁm:.l' .:r.|_-,l'i"| Veare Ir:l.n'.u:.ll T,

Keywaords: Object oriented, temporal expressivity,
requirements analysis, automatic codbe gpeneration, conceptual
madeling.

1 Introduction

The software development classic life cyele offers a sequential

approach starting from the most abstract aspects to the maost
comerebe (system engineering, anabysis, design, codification,
test and mointenance). For the last stages {design,
codification.. ) developers could use mrtomatic tools, which
help assure the quality of the resulting product. The same
does not occur with the previous siages, which wsually are
error and mefficiency source, affecting the quality and the
eosts and for these reducing the productivity of the developed
product,

Mowadlays, efforts o intreduce toels based on formal
methads are more noteble. These efforts heighten o new
discipline (Requirement Engineering) that bases the
requirements specification on conceptual models from the
information that is relevant for the application that wants 1o
bie represented.

In the Object Criented modeling and design a form of
thimking is underfayed in which problems are solved from
models based on real world concepis, This paradigm is
considered, by s expressivity, the most sdequate approach
for the process of conceptual modeling. In this process, it is
possible to represent all the aspects, not enly static and
diyamee, bur also its emporal evolution in the application
dimiain, without considering implementation aspects.

The potentiality of the temporary information is perceived
when the possibility of consulting historic data is verified {past
and present stabes of the system that allow to analyes and to
plan future situations for the decigion making), The

337



C. Menasas, O Pastar, J. C. Mglina, E Insfran | Temporaiity Specification in Autoimatic Production Soffwars Ervironmeants ...

specification of temporal aspects in information systems
makes possible the handling of lemporized data and tasks thas
can have temporal preconditions associated o their execution
0OF can present femporal interactions with others for the control
of their execution. In addition, it is not possible to stop

conswdering the importance of the comect representation of

the tempaoral integrity conditions in the futere dutahase.

In order to treat the problem of how to correctly specify
that temporary information, diverse models of temporal dafa
have appeared | Edelweiss er af , 1994: Ozsoyvoglu and
Snodgrass, 1995, Tansel of of , 1993). Maost of them
constituting temporal extensions of already existing models,
Within these we can emphasize the ones based on relational
models (Clifford and Crocker 1987; Gadia, 1988 Lorentzos
and Johnson, |988; Navathe and Ahmed, 1989; Sarda, 1990
Snodgrass. 1987, Tansel, 1986), E-R (Elmasri and
Koursmajian, 1992 Elmasri e af , 1993; Loucopoulos of af
19491 ; Tauzovich, 1991; Lee and Elmasri, 1998) and the ones
based on object-oriented models { Edelweiss ef af . 1993: Kafer
and Schoning, 1992; Rose and Segev, 199]: Su and Chen,
1991, Wuu, 1993). Recently, important efforts in the area of
tetporal modeling have been made on the definition of the
temporal consulting banguage TSOL2 (Snodgrass. 1995),
which tries to be standard for the manipulation of emporal
relational databases. In any case, works dealing with the
specification of temporal properties (problem space) along
with implementation aspecis (solution space) m an unified
framework are not frequent,

Inthat context, the objective of this article is clear: toenrich
an automatic code peneration environment, which is bpsed
on the ohject-oriented model, with primitives that allow 1o
specify adequately the temporal information commented
previously. To do it, the software production method chosen
15 the DO0-Method, considering that the presented ideas are
applicable to any object-oriented software production method
based on, for example, a standard like UML. In addition, this
enrichment includes the conversion mechanisms of the
temporal spocification primitives, introduced in the model,
in its corresponding software representations. In this way, we
preserve the model-based code peneration Facilities that are
offered by proposals like the OO-Methad.

According to the previous, the article structure is as follows:
section 2 presents a briel introduction of the OO0-Method
proposal and the formal specification language DASIS that is
the basis of the OO-Method. Section 3 shows the
representation mechanisms of the temporal properties in
conceptual modeling {problem space). Section 4 indicates the
implementation of the temporal expressivity In the
development environments used by the code penerators
implemented in the OO-Method (solution space). The final
seciion presents some conclusions and the furher work.

—_—
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2 0O0-Method

he CO-Method ( Pastor, 1992; Pastor et o, 1996; Pastor o
al., 1997) 5 an 00 methodology for automatic sofiwane
production based on formal specifcation techmigues and the
use of graphical models similar to those emploved by
conventional methodologies (OMT, Booch. 5 or DML The
O-Method offers a rigorous framework for the specification
of mformation systems that include a powerful and simple
graphical notation to deal with the analysis phase, GASIS
{Pastor and Ramos, 1995} a5 an OO formal specilication
language that consttutes the high-level repository of the
svstemn, ard in addition, the definition of & precise evecution
ot that guides the implementation phase,

In the software development process two main phases are
defimed:
I Conceptual Modefing. The graphical analvsis models
fobjects, dynamic and functional) collect the relevant
propertics that define the system to be developed without
considering the implementation. With this description, a
farmal specification of the OO svstem in OASIS s
generated automatically, that constitutes a complete and
formal high-level repository of the system
The application of an Evecurion Mode!, The formal
specilication is the source of the evecurion moded that is
defined in a precise way. This model determines in an
automate way the systiem-dependent characteristics of
the implementation {user imerface, iccess conrol, service
activation. information consulting and manipalation. elc).

(]

1.1 OASIS: An Object Oriented
Formal Model

The OO-Method has been created on the formal basis of
ASIE, a formal OO specification language for information
switems. In an DASIS specification, a class is o pattern, or set
of properties, that all of its instances share. This pattern las a
name and allows the declaration of an identification
miechanism. The signature of the ¢lass includes attributes,
events and a set of formulas of dynamic logic that allow 1o
describe the rest of their properties: static and dyveamic
integrify restrictions, evalvations that specify how the
attributes change due to the occurrence of events, derivalions
that specify the value of a derived atiribute based on others,
preconditions thot establish conditions that must be satisfied
o dctivabe a service and irdgpers that cause the SPONLENCOUS
activation of a service as a result of the satisfaction of a
candition

In addition, an ehject can be defined as an observable
provess, reasen why the cless specification s enriched with o
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basic algebra processes, that allows 1o declare the possible
lives of an object as terms of this algebra, and whose elements
are events and rransactions combined with alternative and
SEQUETICE Dperalors,

2.2 Conceptual Model

The analysis phase begins with the construction of thnee
models (Objects, Dynamee and Functional) that gather the
relevant properties (determined by the differen specification
sections in OASIS) of an mformation system and describe
the society of objects from three complementary points of
view and within a rigorous object oriented framework.

The fecr Model is described eraphically by o Classes
Diagram {DC) that shows the structure of all the classes
identified i the problem domain as well as its relationships.
A class 1s represented graphically as a box divided in sections
where information on its weributes and services is gathered,
The services are declared specifyving their name and
arguments, distinguishing betwesn the transactions and the
creation events, deletion and the shared events { Pastor of al.
1996}, For managing complexity, structural relationships can
be defined in terms of aggrepation (pan-of) and inheritance
{i-is).

The aggregation relationship between classes includes
information on cardinalities {minimum and maximem j, which
determine how many component objects can be related to
compound object and inversely. In addition, an aggregation
must be indicated as inclusive/referential or static/dvnamic.
A detailed explanation of these properties can be found in
Pastor er af {1994,

The Dynamic Model specifies the aspects related to 1he
eontrol, possible lives, sequence of services and interaction
between objects. [t is represented using two bypes of diagrams
State Transition Diagrams (ST} and Object [nteraction
Diagrams (CHD},

The State Transivion Diageaos (STD) describe the object
behavior establishing possifie fivees, A verdid 1ife is o correct
sequence of states that characterize a valid behavior for all
the objects of o cluss. The staies defode siluations in which
the objects can be found becanse of the scenmence of relevani
services, The transitions represent the changes of valid states,
The use of conditions allows to eliminate the mdeterminism
and creates restrictions in the stale transitions.

The Objecr Interaction Diegrams (10 graphically model
the inferaction between objects and specily twe types of
interactions, Trigeers, which are services of a class that are
activated in an autornatic way when a condition in an object
is satisfied, and the jiobal interactions, that are transactions
composed by services of different objects.

The Functional Model captures the semantic associated

with the changes of state in an object as a result of the
occurrence of an event, The value of each attribute can be
modified depending on the action that took place, the
arguments of the event and/or the present state of the object.

The specification of the change of state i= determined by
the coteyrizmtion of aiiribates [ Pasior of ol | Q07 hetween
a predefined st of categones, which indicate what imformation
15 newded 1o determine how the antribute valse changes before
the occurrence of cortain events

2.3 The Execution Model

The cicention medel 1s an absiract behavior pattern applicable
o any concepiual model constrected following the DO-
Method proposed stratepy. The idea consists of giving a vision
of the model that will directly determine the PIOZrAMMming
pattern to follow when a developer (or 2 CASE wol) arrives
to the implementation phase and v defimes the fnal sofiware
priduct charscteristics in terms of the user access control,
service activation, wser interface, ete. This model has three
esseniial phases:

*  Aocess contred: in the first place, the object that wishes
b conmect o the svslem should sdentify tself is a member
of the socicty of objects,

® Reseum Visiow: once a user his connecied (ope ohject of
the system ), it will have a clear vision of the society of
abjects i lerms of what classes of objects can be seen,
which sarvices it can activate and which attribates it can
consult.

¥ Service doiivation: Dinally, the object should be able to
activate any avarlable service and make the pertinent
vhservations.

Any service reguest is characterized by the following
sequence of actions: wentification of the server object.
intreduction of arguments of the service o be octivoied.
vitlidation of the transnion between states, satisfnction of
preconditions, accomplishment of the evaluations
{modification of the ohject state), verification of the miegrity
resirictions in the new state and verification of the trigger
relationships, These steps, clearly defined In Pastor e af
(1997). guide the implémentation process assuring the
functional equivalence between the sysrem description
gathered in the conceptual model and its representation in a
Programming environmend.

3 Problem Space. Temporality in the
00-Method Conceptual Models

Temporal marks. There can be four different forms of marks
{temporal promitives) for the wemporal specification (Jensen,
1904y
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& Temporal momend. I represents a point in time. For
example, the moment in which a socoer game begins. In
this case, only a temporal data is registened,

e Temporal interval. It is defined by two temporal
moments, indicating the beginning and the end of the
interval, Forexample, the intervals of the last contract of
an employee,

v Temporad elemens, IUis constituted by the finite union of
the temporal intervals, For example, the different intervals
in time in which an emploves has been contracted for
the company.

®  Temperal duration. [t corresponds to a time pegiod
without considering the moments in which it begins and
ends. It can be of two tvpes, depending on the context in
which it is defined: fixed ond variable. A fixed duration
is independent of the context of its delinition (for
example, one hour always corresponds to &0 minutes )
iand a wariable duration depends on the context (for
example, o month can have from 28 o 31 days)
(Edebweiss, 1988).

In the model presented m this document, because of the
easier representation and 1o Facilitae queries, a femparal
imdervad specification i used in the historic objects (that allows
lr wse relational databases that fulfill the 3NF- third nommal
form = and that in addition, provides explicit information
supporting the notion of tempora! elemens using a lnite s
of moments), The agent relationship s the exeeption where
i model a change of state that oceurs in o moment of time,
the remiporad sroweerd is used (it provides implicit information.

The Kind of femporad mork used for the specification of a
tesporcd mevmend depends on the system environmend, the
implementotion decision and the graswforiy (sequential
intemal number, date and hour with its possible combinatinns
of year, month, day, hours, minutes, seconds. hundredth of o
second, eic.) offered in the data mode] wsed

In reference fo the mearing of e temporal frame, the
following can be used:

& Transection time, The ime in which the miormation was
introduced in the database that implements the
application

e Pafidation tse. The time in which the information is
valid in the reality madeled (corresponds to the existing
time or life of an object in the svstemb.

= Bah

The wealiaesion time s used in the O0-Method. because it
iz relevant in the phase of the conceptual model, in which
relative aspects of the physical implementation do not have
to be considered {except again in the temporized agents
relationships that use the transaction time to precise the
moment at which the event wiss setivated),
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Specification Levels. The specification of the temparnl
informiion in an object-oricnted model can be done under
five different levels: attributes, objects, aggregation
relationships. [nheritance relationships and agents. In an
application, the vales tuken by the data under these levels of
specification can changze with time, When it is necessary 1o
represent these changes and to conserve the historical
information, a representation thal mdicates o femporal
behavior is imroduced.

It i= important oo remark thar moan object, not all the
attributes are temporized, for this reason it must be specified
in the conceptual modeling which ones they are. In this way
winiakd be possible io know when and how one temposized
attribute has changed. For objects, temporal information about
when it was created can be required, during what periods of
tirme i1 existed (it was active) lor the system, when it stopped
existing, etc, For the aegregaton relptionships there can be
variations of their cordinality in Ume or vorstions in their
walue; the management of these emporized relationships well
be considered &s object-valued atiributes. For the inheritance
relptionships. some objects can inherit properties during
different mtervals in time. For the ppents, who oct as service
actuators, it must be possible 1o know of what instant of time
an agent has activated a service, as well as when and which
services mn agent execuled or when and which apents execated
i seryice

Employoe

Department code

pto_code | &name
ﬂh:lp'rn_name_:} i %ns.aiar',l

1.1 0.x
*creatal ) ®crastel )
¥delatel ) *dalate] )
%chg salary( )

Figure 1.1 Chject Madel Fxample

The importance of inclading the temporality specification
at conceptual level is because a great part of the systems
requirements mvolve the handling of temporal and historical
information with which it allows the analyst to specify, for
example, that some attribates of o class, o cliss, am aggregation,
inheritance or agent relation, have associated a hisforicol
regricter of all of their variations in ime, Mext, we will show
how to capture in the O0-Methed the emporal expressivity
im gach one of the live determined levels of specification

3.1 Classes

A demporized clexy s that class bnowhich it &5 interesting oo
conserve the historical information of the different termporal
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intervals in which each object of the class has existed. The
associated information to classes of lemporized objecty
indicates a temporal evolution of the object as & whole — when
it was created, when it stops existing, periods of activity
suspension, ete.

When an object of a temporized class is eliminated, {1 will
not disappear from the database used, but it will close
adequately its existence interval. For the example, in Figure
3.1, il a class empdovee is declared as temporized, we will be
specilying that one person can appear as an instance of the
class employes associated 1o different existence intervals.

Eusience | Code Namz | Sy
[310] [l Jost Perex I B0.0400 [3,6]
[20,8m1] 125000 [7,10] w
277000 [0l
TEaudl] |2 Manuc 175000 |B20]w |
Giomez | 85000 [21,null)
I7.35] el Marin Lopez | (60,000 [7,20]
195,000 [21,35] N

Tabde 3.1 Temparized class and atiribute salary of ihe clas
cmplayee

3.2 Attributes

The remporized antributes are those attributes whose values
can be changed throughout the life of the object, but these
sequences of values are necessary to record. Each of the
different values that the femporized atiributes can have
throughout its evelution has its commesponding temporal mark,
Mot all the attributes of an object need to be temporized. It is
important that a temporal model allows the coerittence of
temporized attributes and others that do not have associated
temporal nformation.

Each interval of existence associated to an object of a
temporized closs can, additionally, have related one or moge
existence intervals associated to the attribute values that have
been declared as temporized. In the previous example, if the
atiribute ralgry is linked to a temporal dimension, an employee

in a given existence interval could have had different salaries

{assuming that, as we said before, salary is & temporized
attribute) in its different existence period as is shown in Table
3.1,

3.3 Aggregation Relationships

In the temporized aggregation relationship, a history of the
aggregations in time is maintained. In this case, the
cardinalities are considered as restrictions referent to a morment
in time. The distinction of & femporized aggregation

retationskip allows keeping information on the time imtervals
i which an object is composed (or forms part) of others. For
example, considering the aggregation relationship between
the temporized classes deparioent and employee, the objects
of the class depariment are composed of 0 or N objects of the
class emplayee, and an object employes forms part of an object
department a1 a determined moment. An aggregation in the
-Method can be seen as an object-valued attribute and it
1s conceptually considered as another temporized aftribute
for the implemientation,

3.4 Inheritance Relationships

By means of the iemporized inheritance relationships, it is
possible to conserve o historical register of the intervals
existence associated to the roles that have the objects that
form part of the specinlized class, The temporal model must
allow the coexistence of some temporized spevializations and
others that are not, For example, the objects of the class
employee according to the task carried out they are classified
as operative of administrative (being able to have emergent
attributes and services for each specialty); we could be
interested in maintaining the historical information of who -
and when they have occupied administrative positions, b
without requiring the historical information of those that have
accupied operative positions,

3.5 Agent Relationships

OfF the femporal refotionships for agents, who act as service
actuators, the specification of the object model must allows
1o conserve a history of the instants in time in which an agent
activates a service or transaction. This historical information
corresponds to a “log” that allows the users to control the
execution of the system specified. For example, if the agent
relationship between the class emploves and a service
change salary ia specified as temporal, each time this service
iz executed by an employer a historical register is created
indicating the agent and service involved, the instant in time
and if the execution was successful. This facilitates to know
when an agent executed (or tried to execute) & service, which
services it has executed, as well as when and which agents
execuied a service.

4 Solution Space. Processing of the
Temporal Properties in the
Execution Model

The specification of the iemporal expressivity in the Object
Model of the OO-Method (see Figure 3.2) is represented by
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means of a mark (hourglass) located next to the emporal
element. In the case of closses, atiributes and aggresation
relationships the mark is next 1o the name. For agent
relationships, the mark is on the dotted line tha: specifics this
relmion. In the case of inheritance. the mark 15 on the
conhimuous amow proper of the specinlization.

T'o represent the temporal evolution of the system. the data
muodel used must allow the specification for each one of the
previous levels during the phase of conceptal modeling.

The main characteristic of the OO0-Method is its copacity
to sutomatically generate the implementation of the svstem
modeled in industrial environments of software production
using the abstract execution medel presented previously.
These applications use a Relational Database Manazemen:
System (RDBMS) as a data repositery, whereas the services
declared in the classes are represented as storesd procedures,
class methods or using programmimg stroctunss {depending
on the developmenl environment used 1o implement them i

The fact that the OO-Method wses in s production
environments the RDBME as data containers onents us
twards how 1o appropristely and of an automatic was
represent thit temporal expressivity now introduced in the
conceptual models created with the O0-Method. Mext, we
will show how the processing of the temporal characteristics
will be mtroduced in the execution model and how itis going
tor affect the automstic code generation in the OC-Method

Dapartrment

plo_code
&dpio_name

Scraatel ) {1

Sdeleta( ) Employeed [ -
Em:la
Spname
Spsalary B2
®createl |

Sdolate] )
hy_salary( )

h‘nparatnt
OIS SION
®croata( )
®delete( )

e =

)
| [
= s g

()

- - Admiristraton

_ﬁpas'rlmn

®create| )
®delete )

Figure 3.2 Temnporality specification in the OOk Method: (1)
Classes, {2) Allribubes (1) Aggrepation Helalims (1) Inherilince.
() Activater agents of services
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The first decision that negsds 1o be taken is to represent the
data of a temporized class in o unigue table with the present
data or 1o separate them in a diftferent table. The fact of using
a umique mble obliges i work on the present dato through &
view im which the airibute thatr represents the instant of
modification is s ond the handling of a set of historical
vitlues must be handled for an instance of 8 tempomal elemen
In order 1 avoid this situation. we are going 1o choose a
representation based on differeat tables for the present and
historical mformation. [n addiion, we will alse avoid problems
assogiated 1o the normalization for the handling of tables and
the progessing of missing information that are prescan in
relationel implementations

e following aspects determine how the software
representation should be associated mthe OO0<Method 10 the
remporil charnctensies mtreduced i the conceptml models
ol the metbiod.

4.1 Classes

Each class is represented as o wble that 15 called fave tabfe If
the class is specilied as femporized, 1t will have assocrfed 1o
its base lable a mew fstacicod b that mcludes the elimimated
instances of the base table with the informatson of the existent
temporal mierval closed for these elminated obpects, and
opened for the present mstances in the bise
The base inble has the following structure:
(o, dtiribante st} )
where, oid is the object identifer and areibae fie has the
rest of the anributes associated v the base table,
The historical table has the following siructure:
(oid, begin time, emd time, {attribute list) b

whiere, o/d 15 the object wdentifier in the base table,
berin_rime references the moment m which the existing
temporal interval considensd was opened, instantiated when
s,:n:ill:ing L |:_|I1:|Ei.:l iy The baage table. The attrnbute .'irr.l'_.umn:'
represents the closing moment of this iterval, and ottrifce
fist includes the set of anributes associated 1o the moment at
wiiich this tupla is inredweed in the historical talble and which
arg then modified when the existent object interval is closed.
This moment will precisely be the one of the deseroy event
occwrrence declared in the class.

O N Sulary |
el T Fernindes ZT0.CHN) |
] | Manuel Gianes TH3 )

B

Tahle 4. Base table of the clnss Emploee
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| Begin_time | End sime [ Code Ny Fafary
3 10 [H]| Jvs Fermamder | 225 i
7 35 EY | Mara Laper [N
& Hull | Ed | Mnucl Crvmes | 175000
20 Bull El st Femnamder | 270000
|

Table 4.2 Historscal 1able of the class Emplapes

The primary key in the historical table comresponds o
oidtbegin_time, For esch foreign key th references o a
historical table of another temporized class, an atinbuie 1=
added that contains thé “begin time™ in existence of this
foreign key to relate with the corresponding historical table,

The generation of an instance in the historical table, allows
two implementations:
= That the implemeniation of the aew service of the

implicated class (in base table) be the one in charge of
executing the cormesponding e in the historical tnble,
and that the implementation of the desiroy service of the
class be the one in charge of executing the corresponding
npelate i the same historical table.

5 Tht aseigger associated 1o the inserion and another one
b the debetion of tuplas of thet base table be defined.
This option will be the one chosen if the RDBMS allows
the wwigger definition of the database; otherwise. the first
one should be used,

The attritutes derived from a temporized class do ol appear
in the base table structure, but do in the historical table
structure, with the purpose of facilitating the consultatiams,

For the examiple of Figure 3.1, the resultimg base tbles have
the following structure:

EMPLOYEE:

{gode, name, salary, contribution 3x100_ address,
ik _code department

DEPARTMENT:

(code depaniment, name depariment)

The & code depariovend atiribute of Emplopes is o foreign
key and references 1o Depariment,

With the non-temporal class Departmesd, the historical table
fior Emploper (temporal ) is:

H_EMPLOYEE:

fcode, begin_time, end time, name, salary,
Contribution  Jx 1000, address, & code depariment},

The f&_code_depariment attribute of the H Employee table
i= nota foreign key. [tonly indicates which was the depariment
cowle for cach emplovee without gunrantecing that it exists in
the Department base table

The hiswerical database tables possess referential integrity
between each other by means of their foreign keys, but they
are ot pelated by referencing to the associated base tables
because integrity is not guaranteed, The reason 15 that the
objects always exist in the historical tables but not i the base
takles, where they are eliminated when its existent interval
closes,

If the class Deparioent is specified as temporal, then the
corresponding historical table (H_Oeparimend) is created and
the atiribute begin tiore department in the table I Employes
is added. The atiributes /& code depariment and
bogin time depeerirent ave forelgn keys referenced 1o the
H Dieparnet table.

4.2 Attributes

Ench attribute that is specibied as temporized (problem space)
generates in the database (solution space) the creation of &
Iristoricad attrifie tohle associated o the base 1able of the
class in which the atribute 15 defined and in addition,
originates the creation of a fistovical class rable (i it does
ned vl exist) associated 1o the same base table of the class.

The Istoricol! aftribute fabde includes instances with the
ihentification of the ebject, the historical values that the
temporal atiribute has had for this object in the base table
with the existent temporal interval of these valoes, and also
the existent present values for each object in the base table
with the existent temporal interval opened

The structure of the base table of the cliss 1 nob alfected
by the inclusion of temporized attributes,

The structure of the histerical atiribute tuble 15
{oid, begin_oid, begin_atnbane, end_atribute,
atribate)

where oid 15 the object identifier, fsrr oid B the instant
from which the object ks creatisd with that oid, hegin areibute
references the instant in which the considered existent
lemporal interval was opened {in which the historical tupla
for te attribute was generated), instantinied when the object
s created in the base table or when modifying the value of
the temporal atiribute in the base table, End atiribwte
represents the closing instant of this inferval, mstantiated each
time the attribute value changes or when the object on the
base table is eliminated and atteife commesponds to the value
the attribute tkes, associted 1o the considered mterval

The value the attribute hegin atribnie is taken when
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creating a historical atiribute instance, the fiv= lime it coincides
with the instant in which the object is created in the base table,
When modifying the attribute value for the object the existent
interval of the previous value closes and & new historical
instance is created with the new value. When deletmg the
object instance in the base table the existent imerval of the
last value closes for each one of the temporal attributes.

Hegin_em | Code |Begin_ | End salary | Saiaey
Moee sl

] el 3 f TEALCHMF

3 el 7 11} I35 0iMF
7 el 7 20 16 N |

. ] 5 i) 175,000
'_.'..‘{I' el H il 000l

T 3 71 ELS 195,000

B el ] il ~ RSO0

Tablz 4.3 Historical table for the temporal atiribute salary

The primary key in the historical attribute table comresponds
to oidtbegin_old+begin_ atiribure. The refierence 1o the base
table of the class to which the temporal anribute belongs is
made with oigdbegin_oid
The generation of an mstance in the historical attribute tabke,
allows iwo possible implementations:
= That the implementation of the sew service of the clas
in which the atribute is defined. and also each seryvice
that affects the temporal attribute be in charge of
executing the comresponding frsert in the table “histerical
attribute™, and that the implementation of the service
desiroy of the class and each service that affects the
temporal attribute will be the one in charge of executing
the corresponding updade (corresponding modification
ot the interval closing for the attribute value) in the spme
“historical attribute” table.

¥ Thataseigger be defined associated to the object creation
and another one to the attribute modification to open the
temporal interval of the atiribute value, In addition, o
Irigger must be defined (with which the interval of the
value of the attribute in the historical table & closed) for
the medification of the attribute and the deletion of the
object, This option will be the chosen one if the RDBMS
allows the definition of tripgers of the darabase;
otherwise, the first ome must be used.

The variable attributes are the only ones specified as
temporal. A temporal attribute can take a null value, which is
siored historically as any other data.

In order o guarantee the referential integrity, when an
attribute is specified as temporal, the class in which is defined
i automatically treated as temporal (although it has not
specified as s0). In the example, if the atiribule Salaray is
specified as temporal, the Aistarical feble is created;

1M

H-EMPLOYEE _SALARY {code, begin, employee,
bepin_salary), end_salary, salary)and in addition, the class
employee is treated as temporal (although it war not been
market as so),

4.3 Aggregation Relationships

The aggregation is implemented a5 a foreign key restriction
{that can be formed by more than one attribute) between the
corresponding base fables o the related classes. For M:M
relationships, the foreign keys are located in the generated
MM mable. For relationships 1:1 or 1:M, the cardinality of the
relation will determing where to locate this forelgn key (in
the compound or in the component),

When specifying a relarion of temporized aggregation, a
historical table of aggregation s cremted, that will gather the
information on the time intervals in which the relation is
maintained. The historical table of aggregarion includes
instances with the identification of the two ohjects of the
refated classes and the existent temporal interval of this
relation.

The structure of the base tables of the related classes i not
affected by the inclusion of the temporized aggregation
relations. The structure of the historical agpregation tabile
[

[eid ], begin_oidl,0id2 begin_ oid2,
begin_compaonnd compromem,
end_componnd compronen)

where, oidl is the object identifier in the compound class,
begin_ pidl s the instant in which the oid 1 takes the assigned
vitlug, oid? is the object identifier in the component class,
begin_oid? is the instant in which the 0id2 1akes the assignad
value, bagin_compound componens references the msiant in
which the aggregation relation was created (it opens the
considered existent temporal interval and generates the
historical tupla for the aggregation relation),
end componnd_ compronent represents the instant in which the
relation stops existing (the closing of this interval).

In the example of Figure 3.1, if the assigned aggregation
refationship is specified os emporized, the historical table must
include the intervals {determined by the atiributes
begin_dept_emplovee and end_dept_employes) in those that
existed (and exist) the allocation relation of each employes in
each one of the depariments of the company,

Coade | Begln_ ol dogrm | bepin sl | oo et
e departmpni dheptes smpionee | empivyee

£l 3 i i E

el JE] [kl i i l 113

ui 7 2 I i _+"}" I EL
[ ] i 7 [® 15
e IH 3 i BRL Mull
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Fahle 4.4 Histareczl table for the ngpregntion relation axsigmwed
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The generation of an instance in the historical
aggregationtable. allows two possible implementations:

* That the implementation of the new service of the class
in which the foreign key is defined and each service that
affects this foreign key (of the aggregation relation
defined as temporal) is the one in charge of executing
the corresponding insert in the “historical aggregation”
table, and that the implementation of the destroy service
of the class and each service that affects the foreign key
at issue, will be the one in charge of executing the update
(corresponding modification at the closing of the interval
for the aggregation relation) in the same “historical
aggregation” table.

* That a trigger be defined associated to the object creation
and another one to the modification of the foreign key to
open the temporal interval of the aggregation relation. In
addition, a trigger must be defined (with which this
interval is closed) for the modification of the foreign key
at issue and the erasure of the object in the base table.
This option will be the one chosen, if the RDBMS allows
the definition of triggers of the database; on the contrary,
the first one must be used.

When an aggregation relation is specified as temporal, to
guarantee the referential integrity, the related classes are
automatically treated as temporals (although they were not
defined as so).

For the example, if the aggregation relation is specified as
temporal, then the classes Employee and Department are
automatically treated as temporals, generating the
corresponding historical tables.

The primary key of the historical table for an aggregation
relation corresponds to the identifiers of the classes related
and the initial interval time in which the aggregation relation
is valid was added. In the previous example, if the aggregation
relation is specified as temporal, the historical table is created:
H DEPARTMENT EMPLOYEE:

(code, begin_employee, code_department,begin_department,
begin_department_employee, end department_employee)

The foreign keys codetbegin _employee and
code_department+begin_departamento reference to the
historical tables of employee and department respectively.

4.4 Inheritance Relationships

For the temporized inheritance relations, the specialized class
is treated as temporal at a conceptual modeling level, and the
corresponding historical table will gather the information on
the time intervals in which the inheritance relation exists, in
the same form we previously presented when studying the

representation of temporized classes. This means, an
inheritance relation that is specified as temporal, automatically
treats the specialized class as temporal (although it has not
been defined as so) and it is given the same temporized class
processing.

When an inheritance relation is specified as temporal,
besides treating the specialized class as temporal, all the classes
that are ancestors in the ascending hierarchy line until the
root of the inheritance tree are also treated as temporal
(although they have not been defined as such). This is done
with the purpose of conserving the temporal object
information as a whole and to maintain the scheme of the
normalized relational database.

For the previous example, if Employee is a specialization
of the superclass Person and if the inheritance relation between
the classes Employee and its specialization Administrative is
defined as temporal, then the classes Person, Employee and
Administrative are automatically treated (although they have
not been defined as such), and the corresponding historical
tables are generated.

4.5 Agent Relationships

The temporality specification (problem space) in each agent
relationship originates in the database (solution space) the
creation of a historical agent table (or “log”), which contains
the historical information by means of which the service
execution activities can possibly be known and controlled.
As the service execution is considered an atomic process, the
temporal mark used is the temporal instant.

In order to store the historical data generated by the temporal
agents relations, a historical table (“log”) by each agent class
who has at least one temporal agent relation is generated.
The maximum number of tables corresponds to the number
of agent classes. The historical table for an agent relation
includes instances, each one of which contains the
identification of the agent object, as well as the name of the
class and service executed, the temporal moment of execution,
identification information of the affected data and an
indication if it could or not execute (and why).

The structure of the base tables of the agent classes is not
affected by the inclusion of temporized agent relations.

The structure of the historical agent table is:

(oid, begin_oid, instant, name _class, name_service,
arguments, result, message)

where o0id is the agent object identifier, begin oid is the
instant in which the oid takes the assigned value, instant
references to the moment in which the service is executed,
name_class corresponds to the name of the class that contains
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the executed service, name servics Bs the name of the exaculed
sETVIce, argimenty cormespond to a “string” with information
that allows to identify the data that are parameters affecied
during the service exccution, rexnt indicates if it could execise
or not the service and sessage corresponds to an ermor message
i case of failure in the service execution,

Age | Begiw @ | Dt | s | Servce | Acga | Bes | Mess
ni gawd | ani TS mEC
¢l |3 20 | Empla | Chimpe_ | Emp= | ok
Vi aabary 134
e |8 136 | Depar |Creme | Dept | fal | ermor
1miil culi= 152
d_ﬂ.

Takle 4.5 Historscal table for agent log

The mstant in which an agent activates the execution of a
service {whose relation is specified as terporal ), it implements
itzelf making the executed service by the agent be in charge
of executing the corresponding fnsers to the affected historical
agent table(s),

Te specify an agent relation who activales a service as
temporal, implies that the class agent is treated as temporal
{although it has not been specified as so), which allows o
makmtain the mtegrity of the foreign key (oid of the agent
included in the log table) that references the historical takle
of the class, For the example of Figure 3.1, ifthe agent relation
between the class Emplover and the service creote of the class
Dgperetment 15 specified as femporal, the historical table of
emplovee (H_EMPLOYEE) and the log table
(H_LOG _EMPLOYEE) are created,

The primary key of the historical table for an agent relation
comesponds to the identifier of the agent class (odd+begin
_ewial) and the time mstant in which the service is executed is
added. In addition, references of alien Keys are created froom
each log teble, towards their respoctive historical table of the
class, The key aed=hegin odd in the log table is foreign ond
references to the historical table of the class that is & temporal
agent.

For a temporal agent relation with a service, besides treating
the class agent as temporal, the agent relations between the
subclasses (from all the inferior levels m an mheritance
hierarchical relation) and the service at issue must
awtomatically be treated as temporals, and therefore, the same
subclasses 1o conserve the referential mtegrity of the base of
the historical data are ireated as temporals (alifiough they have
nof been specificd as such), That i o say, if a temporized
apent relation exists that activates a service, any object agent
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that identifies itself with the primary key of ene of s
subclasses, can activate the same service and this event must
be registered historically in a log.

For the same example, if the agent relation between the
cliss empfoyes and the service creare of the class depariment
15 specificd as temporal, besides creating the historical table
H_EMPLOYEE and the log table H_ LG EMPLOYEE, the
histarical tables of the subclasses emplovesiadminitraive,
operative.. ), und their log tables:
(H_LOG_ADMIMISTRATIVE and H_LOG_OPERATIVE)
are created

5 Conclusions and Future Work

It i5 maot hakitual to jointhy approach the problem of adequately
specifymg tempoml properties (introducing the necessary
primitives ) and the problem of adequately representing them
in the resulting software product of & guality software
production process, The contribution of this work is precisely
the boarding of those two probklems inoo unified frame, and
withiin o method of pematic production of software (O0-
fefethod) based on an objoct oriented model with a solid formal
bise,

The object model version presented increases the
expressivity of the O0-Method sdding the specification of
this type of lemporal properties when defining the classes of
the system. In panmicular, esch class {simple or complex),
relations {of aggregation, inherftance and apents) between
classes, and the variable atiributes could be declared as
temporized inothe line of the previously exposed,

The tempoerality specification of the agent that acts as an
pchuator of a service, coriches the semantics of the system
simce it allows o have a Mistorical agoent Tabde for log) thi
allows to know and 1o contral the activities of execution of
SOFViCes.

[ this work, a version of the O0-Method is presested that
includes the gpm:iﬁ::a:mn afl Ier‘np:_rml properies in the |'|I1::H.'
o e -a‘.‘unuuhlh;ﬂ I'|I|.'||J|.-|i:|;.;. with atg r:nl:ll'n:xpt;mqling sl bwire
representation according to the sutomatic programming
paradigm associated to the OO0-Method, With this, works
made in the context of specification of temporal propentics o
concepiual models are complemented, with works that based
on the object-oriented model providing environments of
autormatic code generation,

Adding the temporal expressivity to the OO-Method CASE
1o, hias allowed obtrining as a result a historcal relatbomal
database with all the information that the system analyat
determines necessary to conserve from the application object
mihel,

From the nclusion of the temporal expressivity, the D0
Method is appears as a methodology for the astomatis
s fiware pr|.||.‘|uu11|:||‘.| theat allanwes 1er spﬂ,:quqmm;h e nmpﬁ:
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range of information svstems, including those in where the
requircments imply a handling of temporeal information, with
historical data and execution control. In fact, the method
exlended with the temporal expressivity is being used
successfully in the resolution with the D0-Method of reql
Information Systems, in the environment of diverse prejects
of 1+D made with local companies dedicated to the software
production.

This effort made has as a future projection of being able 1o
use temporal logic in preconditions and restrictions, proposing
the specification of temporal properties in the environment
of the dynamic and functional models. In the case of the
dynamic model, it would allow 1o specify temporized
preconditions (that is w say, that are only valid in determiamed
periods of the life of the object). Applied 1o the functional
model, temporized évaluations could be specified
analegically.

The temporal expressivity in the (R0-Method presented in
this work can be projected towards the development of a
temporal query language oriented to the handling of the
historical information registered in the temporal relational
database. 1t is hoped from this temporal query language, not
only to have access to the information for historical
consultations, but also to look for a mechanism tiat allows 1o
establsh queries where actual data is miced with histioseal
infsrmation

The use of a temporal query language allows fo know all of
the past and present states of an application, from which future
stndes can b projected in order to facilitate managers 1w ke
decisions diminishing the projected level of uncertainty
presented by the incapacity to know historical information.
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