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Abstract

This paper presents the architecture and basic features of the Ilthaca Application Development Environment based on a Soft-
ware Information System for enhancing reusability of both software components and artifacts about development of these
components. Object-oriented techniques are used in the Environment at all levels of the development of an application: re-
quirement specification, scripting, implementation through class refinement and tailoring. In the Environment, it is tracked
how the various products of the development phases were produced by providing tools for the Application Engineer who is
responsible for abstracting application skeletons and development information and storing these as Application Frames into
a Software Information Base. In particular, the paper describes the Requirement Collection And Specification Tool (RE-
CAST) and the Visual Scripting Tool (Vista) of the Ithaca Development Environment.
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1 Introduction 3. Evolving requirementshe application must be flexible

The use of Software Information Systems [15] is considered an enough to adapt to continuously changing requirements.

effective way of achieving some basic goals in software devel-Moreover, a basic assumption of Ithaca is that applications
opmenttoday. These goals are centered around the idea of rgt¢snot unique, but rather share many common functionalities
ing software components developed in various projects in orgigfich can be factored out into reusable elements [22]. On this
to streamline the development of “similar” applications in sgssumption, application generators and fourth generation lan-
lected application domains. The approach based on compongpiges have based their success, however limited. In Ithaca, a
reuse needs support both for the process of developing spegjtigal view of the issues related to software development is
applications and for the activity of developing generic, reusalgnsidered using a Software Information System approach: the
software. In particular, concepts, methods and tools are neegigsca Application Development Environment (ADE) is being
(1) to organize and manage software and information aboutfyeloped as an integrated environment where a software base
development; (2) to identify and reuse useful software COMR@ntains reusable components and development information,
nents developed in various projects; (3) to manage long-tefAY where a set of development tools supports the application
evolution of reusable software components. developer in finding and combining components to produce a
This paper describes the approach to application develgpecific application. Reusability considerations of the ap-
ment considered in the Ithaca (Intelligent Tools for Highly Agroach suggest that object-oriented techniques, which are well-
vanced Commercial Applications) Esprit Il Project, started #ijited to factoring out common functionalities into often high-
January 1989 and extending over 5 years [ Ithaca it is |y reusable object classes, offer a more general way of allowing

considered that the traditional software engineering metnqﬁény app]ications in similar domains to share a |arge part of
that have worked reasonably well in the past for stable, loRgeir code [2].

lived applications fail to yield good results today because of

two central assumptions that no longer hold [21]: (1) that the Reuse of object classes is likely to entail overhead, and ap-
application requirements be stable and well-defined, and pigation development based on reusable components may turn
that the application run in a closed and finite universe. Incre@lgt not to be a straightforward process of moving along se-

ingly, applications are open systems, which can be “open”dHences of development steps, but rather may require cycling

each of the three following ways [30]: along various phases, and in particular may require effort in
1. Platform: the hardware and software platform contingdentifying and adapting components. Unfortunately, it is not
ously expands. possible to just sit down and write libraries of instantly reusable

2. Interoperability: open applications must be prepared tgasges [22]: the design of reusable classes is necessarily an it-
exchange information and otherwise interact with sy8rative, evolutionary process [18].

tems that may not yet exist. For these reasons, Ithaca proposes a model of software de-

— _ velopment in whictapplication engineerare responsible for
+.Esprit Il is the second phase of the European Strategic Pro-geye|oping generic, reusable software for specific application
gramme for Research in Information Technologies of the Eu- y,mains, andpplication developerare their clients, reusing
ropean Communities. . . . -

not just object classes but also pre-desigAgglication
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Framesthat guide the developer towards standard ways of con-  jects will cooperate to implement the required applica-
structing applications. tion.

Initially, class libraries and Application Frames may be de- 5. Monitor behavior and continuously develogst and
veloped by re-engineering existing applications in an object-  validate; as requirements change, adapt the application.

oriented way (that is, so as to factor out common functional- As the understanding of the application domain evolves, the
ities). As application developers encounter more demandigplication engineer upgrades the contents of the SIB with new
requirements, the software base must evolve to improveri§sable components and development information.

generality and reusability. Application engineers and applica- The purpose of this paper is to illustrate the overall architec-

tion developers thus cooperate in a producer/consumer r'ﬁll"?‘é of the Ithaca ADE. The organization of the paper is as fol-

tionship [8]. lows. In §2, the Ithaca approach to application development is
To support such ambject-oriented software life-cycl®ols  described and the ADE is introduced. In 83, the approach to re-

for storing and managing software information are essentiabjiirements reuse in Ithaca is presented, and RECASREhe

addition to tools to support the development of classes and @girement Collection And Specification Teopporting the ap-

plications. Ithaca is a 5-year, 100 person-year/year Espriptbach is described. In 84, the Ithaca activity of designing

Project to build an environment supporting the developmentthfough scripting, and the associatgsiial Scripting Toolis-

object-oriented applications [1]. The Ithaca environment ita are illustrated. Finally, in 85, concluding observations and

cludes an object-oriented language (CooL [17]) closely intienther research in Ithaca are given.

grated with an object-oriented database (NooDLE [17]), in ad- )

dition to tools to support application engineers and applicatiohs 1thaca Scenario

developers. A central componentin the environment Stfte  The goal of the Ithaca Application Development Environment
ware Information Base (SIB§][7][26] which stores and man- js to reduce the long-term costs of application development and
ages structured “descriptions” of software (i.e., interface d@aintenance for standard applications in selected application
scriptions of object classes, Application Frames, documenggmains [1].

tion, etc.). The other tools interact primarily by exchanging and By “standard” applications we mean classes of similar ap-

manipulating information stored in the SIB. They include [1] &;-~tions that share concepts, domain knowledge, functional-
Selection Tool for browsing and querying the SIB; MaX, &, anq software components. Standard applications are classi-

monitoring debugger for CooL classes; RECAST, a requitgsq i |thaca according to application domains: the key as-
ments collection and specification tool; Vista, a visual Scr'pt'@%mption is that selected application domains can be

tool. adequately characterized in order that an individual application
In Ithaca, it is considered that application engineers haygn be constructed largely from standard object-oriented soft-

stocked the SIB with a library of classes and Applicatiomare components belonging to that domain. Therefore, achiev-

Frames clustered [application domainsA sample domain is, ing reusability of not just software but alsadefvelopment ex-

for example, the “Public Administration” domain [19] that inperienceis an essential activity of this approach.

cludes classes belonging to Information Systems for office ap-The keybenefitexpected of this approach is that applica-

plications, such as the Office, Document, Form, Letter, Efiyns developed using the Ithaca environment be flexible and

ployee classes. Public Administration is one of the “demonstigsen-ended: it should be possible both to develop applications

tor” domaiqs for Ithaca [21] which has been modeled in ase_b(i?fickly and flexibly and teeconfigureapplications to adapt to
classes being used as a common work platform by the varigygiving requirements.

tools. This, in turn, implies the need for a different kind of soft-

The application developer is expected to proceed in the f@are life-cycle in which thieng-term developmeand evolu-
lowing way to produce a specific application: tion of reusable software proceeds in parallel withsthart-

1. Select an Application Frameising only a rough sketchterm developmentspecific applications.
of the application requirements, the developer searchesAccordingly, we distinguish between two activities:
and browses the SIB to find an Application Frame corre- , Application engineeringwhich refers to the activity of

tshpeo ggg}%;?i(t)zeb?e?rﬁ) é'%aetls?gni%mam and requirements of preparing the reusable components, that is, developing a
o . set of Application Frames to be stored in the SIB. An Ap-
2. Select useful classetie Application Frame drives re- plication Frame consists of reusable application domain

guirement collection and specification according to pre- specific components and of the guidelines driving the re-
existing, generic specifications and designs, thus guiding  yse of those components;

the developer in the selection of reusable classes. Application developmenwhich refers to the develop-

3. Tailor classes:the selected classes are incrementally  ment of specific applications by reusing available com-
modified using design suggestions given by the specifi-  ponents through the Ithaca development tools.
cation clagsgs; tailoring Occurs by supplylng_parametersAppncaﬂon engineering is the incremental, long-term activ-
or by modifying class behavior through inheritance. ity of preparing and maintaining Application Frames, since re-
4. Script application:link the selected design classes taisable software can only be developed on the basis of experi-
gether by means of a “script” that specifies how the obnce gained from the development of specific applications. The
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Figure 1 ITHACA Application Development Environment Architecture

benefits of the application engineering activities are expected Design Descriptions
during application development, since existing requirements. |mplementation Descriptions
schemas, existing designs and existing software can be largely

Correspondence Descriptions, describing how the three
reused.

descriptions are inter-related within the development

Most of the aCtiVity in application deVEIOpment with the Ith- |ife_Cyc|e, e.d., which requirements relate to which de-
aca tools takes place in the tasks of matching user requirements  sjgns and to which implemented objects.
to generic designs, and in configuring running applications
from available components. Since mostly tried and tested sgfé
ware will be used, less time should be spent on detailed deh
ging, and since construction of applications from existing pa tl%
should rapidly lead to evolutionary prototypes, more time c
be spent ensuring that the client’s needs are properly met.
cept for unusual applications, little effort should be spent Ca|0s inferencing mechanisms.
turing exceptional requirements, re-engineering existing de- _ _ .
signs or programming new custom software. Application de- The Selection Tool associated to the SIB provides the

velopment is supported by the Ithaca ADE whose over gans to retrieve software descriptions from the SIB and to
architecture is depicted in Figure 1 navigate through Application Frames [7][13]. The inspection

) ) of available development information in the SIB occurs
TheSoftware Information Base(SIB) provides the under- through selection of SIB classes by meansrofvsingand

lying mechanisms for storing, representing, and maintai”iageryingfunctionalities.
reusable component descriptions in the ADE. The SIB ele-
e e o ! g SUUGUT 31 0 explore lige colectons f date. Th
edge concerningpplication domainsSince descriptions mayqorowsmg faC|I|ty_ allows the user to filter link types, to keep
refer to one another, the contents of the SIB can be seen as t;gaka- of e>_<plorat!on paths, a}nd to ;elect nodes as “current” to be
mantic network, sha'ring properties of both object-oriented ((Jeex—p(?Ored in detail, zoomed in, putin folders, or resumed after a

sign) databases and of hypertext systems [24] havigation session.
g vp y ' The querying facility provides a formal query language and

The descriptions stored in the SIB are classes represenfifg, ojication domain based thesaurus. It uses an attribute of
the results obtained along various software projects. The Qg gescriptions called Functional Description organized ac-
classes are structured according to four main categories: 4 ing to a software classification schema in the style of [27].

* Application Descriptions FDs are a combination of keywords describing the functional-

In the SIB prototype, built using the Telos knowledge repre-
ntation language [20], descriptions are represented internally
Telos propositions, but externally may appear as, for exam-
, software templates, requirements collection forms, or ap-
cation designs. The uniform internal representation permits
vanced queries to be posed to the SIB and evaluated by the

Browsing is provided to support inspection of the SIB net-
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ities of components and constitute a metric for evaluating tineated by Vista— which encapsulate the bindings between ob-
similarity of components within the context of application dgects — may themselves be reused as components within other
velopment activity out of reusable elements. The applicatispecifications and scripts. Furthermore, a script, with the help
developer enters a query in the form of a set of weighted ke§the other Ithaca tools, can be viewed @greric design
words describing the functionalities of a searched componesrige an application has been built as a script, it can be unpacked
a set of candidate classes is returned, each watimfidence and used for a new application, thus obtaining suggestions for
valueexpressing how well the class matches the user searchgesign alternatives via RECAST.

rameters. Ahesaurugacility is available on-line structured by . . .
SIB application domains. A mechanism for maintaining tt% Reusing Requirements: RECAST

Functional Descriptions by the application engineer has be@ne of the central research issues in RECAST is the study of a
defined based on Is-A hierarchies (descriptions are inheritegfjuirement specification method that takes into account the
and based on a Quality Coefficient, which decreases automaié basic assumptions of the Ithaca ADE, that is:

cally when a returned candidate is discarded by the user. « the fact that the target application is object-oriented:; this
The Selection Tool returns components int@anmon recommends the requirement specification should also
workspace(see Figure 1), from which each tool imports the  be performed using an o0-o approach [25][9];
components according to its needs and internal format. Cons the fact that reusable design components are available;
versely, the tools store components into the SIB by placing therefore, the development process does not start from
them in the common workspace; the Selection Tool takes care scratch, rather reuses as many existing components as
of the necessary format conversions. The storing of compo- possible. The specification phase of the development is
nents in the SIB is under the control of the Application Engi— affected by the existence of a reusable base of compo-
neer. nents, and in particular, requirement specifications are
In the Ithaca ADE, matching the requirements to existing  reusable components too [14][10].
application domain knowledge stored in the SIB starts immegithin the Ithaca ADE, RECAST (REquirements Collection
ately as requirements are collected. Regjuirements Col- - And Specification Tool), being developed at Politecnico di Mi-
lection and Specification Tool (RECAST)provides “guided |ano, enables the Ithaca application developer to specify the re-
tours” of the SIB, attempting to constru@pecific Application quirements of an application taking into account the existing
Frameon the basis of: 1) the user requirements; 2) generic ggmponents stored in the SIB. RECAST uses a composition-
formation contained in the Application Frame pertaining to tii®ysed approach [2] to requirements specification and provides
selected application domain. assisted inspection of available components by accessing the
Software components selected with RECAST have an asStB Application Descriptions (see 82).
ciated set of design guidelines describing how components camMoreover, RECAST provides the application developer
be reused and what design classes should be selectedwitttddevelopmenassistanc@bout whatesign actionshould
scripted in the subsequent phases of the development. In f@ctight be undertaken by the developer in order to adapt the
software components selected and identified at this stagewseful selected components to the requirements of the current
then tailored and composed to construct running applicatiqsplication. Design steps, schemas, and tools which can or
by a combination of component refinement and scripting actshould be employed in the application development are provid-
ities. Thevisual Scripting Tool (Vista) [22] supports the inter- ed by RECAST adesign suggestion$his is achieved by pro-
active construction of applications by graphically editing andding RECAST with design knowledge stored in the SIB in
connecting visual representations of application and user interms of meta-level classes.
face objects [12]. In the following, we illustrate the basic aspects related to the
RECAST and Vista are tightly integrated to permit, for extevelopment of RECAST: RECAST knowledge organization
ample, simultaneously development of parts of the applicati®8.1.) and the main characteristics of the Objects with Roles
during requirements collection, re-examination and refineménodel used to formalize such knowledge (83.2.). Finally, the
of requirements specifications during development, and acomethod supported by RECAST and the tool interface towards
to programming tools during scripting. the user and towards the other Ithaca tools are presented (§3.3).

For example, in thg Public Administration domain, the Dog 1 RECAST Knowledge
ument class is a basic reusable component; RECAST suggests ) )
its reuse within specific applications, and gives design suggd&CAST uses two levels of knowledge stored in the SIB in
tions about how this class can be tailored to the needs of &S Of Application Description classes:
document generation, layout, archiving, and distribution pro-* application-level knowledge, consisting of reusable
cedures that characterize the application at hand. For each per- Specification classes
sonalization of Document given in the design suggestions, RE« meta-level knowledge (design knowledge) representing
CAST provides access to design and programming tools such how specification classes at the application level can be
as Spreadsheets, Databases, 4th Generation Languages, andreused and adapted to the requirements of the specific ap-
Document Editors. plication.

Bothspecification classaseated by RECAST —which en-  Both the application and the meta-level are composed of
capsulate requirements and design suggestions -scaipls classes described uniformly with the formalism of the Objects
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with Roles Model, and stored in the SIB as Application Dé&ased on the concepts of object-orientation [4], which are used
scriptions. not only in the Ithaca development language CooL, but also in

Classes and meta-level classes pertaining to the same apgfiations for the analysis and design phases [3][5][28]: the
cation domain are clustered into an Application Frame. This &@ss concept and the inheritance construct.
lows the developer to consider groups of classes for reusability)n ORM, particular attention is given to the life-cycle of ob-
instead of single components. The Application Frame driiests belonging to a given class. The life-cycle description in a
the user in the development activities; RECAST navigatelsiss allows the developer to describe the possible evolution of
along a Frame to drive the process of components selectibiects belonging to that class through state transitions. States
from the SIB, transfer into the application developer worka ORM are abstract, describing in a synthetic way (with an as-
space and reuse through refinements, modifications, and speiated abstract state name) possible situations which an ob-
cializations [14]. The Application Frame has an associated &t can be in. Behaviors in a class are described considering
of keywordghat allows its identification in the SIB. separately different aspects in the evolution of an object. To this

Meta-level classes descrita:how the components can b?urpose, ORM introduces the conceptadé: a role typeRiis
reused, that is, can be selected, refined, modified according@Bned as a set of propertRisa set of operatiorsi that can
tailoring primitives [10] for being adapted to the applicatin; be performed in a role, a set of abstract staitésr that role,
what design actions must, or could optionally, be performed®yd @ set of ruleRui, describing state transitions and con-
the application developer during the various moments of figaints on properties and possible transitions.
design process;) the implications of the design actions per- An ORM class is defined as follows:
formed by the application developer. class = (cname, Roles)

For example, in the Ithaca workbench domain of Public Admere
ministration Offices [19], two basic reusable components are  Rojes = {Rg, Ry,..., R}
the ‘document’ and ‘form’ classes. These are returned by Ra'%
CAST as suggested components, when the designer selects the
‘office’ class. The design actions associated to them specify R; ={mame, P;, S;, O}, Ruj}
how these components can be specialized to be adapted to thg1e base-rol&k0 specifies general characteristics of the
format of documents handled in Public Administration Office§tass, different behaviors and their associated characteristics
for example, which fields should be inserted to model the ‘pi@#€ described in role&L,..., R.
lic event request’ document, which models the documents pre-The ORM model is used in RECAST both at the application
sented by organizations to get authorizations from the offitevel and at the meta-level. At the application level, each ORM
As a consequence of the user action of selecting the ‘offickiss specifies the behavior of possible components of an appli-
component and upon the tool suggestion of reusing also ‘docation. For instance, an office application componentin the SIB
ment’, the design suggestions contained in the meta-leatthe application level is the ‘document’ class, with the follow-
classes specify that software modules or packages for editing, roles: base-role, preparing, delivering, approving, which
formatting, filing, circulating documents in the office shouldescribe different aspects of the use of a ‘document’ object.

also be selected by the developer and linked in the applicationat the meta-level, the guidelines of an Application Frame-
The implications of one action are, for example, the connegork are described. In RECAST, we associate to each applica-
tions to the ‘employee’ component modeling the office emon-level class a meta-level class containing information used
ployee handling the document. to drive the developer in the specification of an application us-

Necessary and optional interface components are alsoing-that class. Such information is partitioned, using the role
turned as suggested components by RECAST in the locahcept, to consider different concerns separately; for instance,
workspace of the developer (see Figure 1): these ca) tee: a document has logical contents aspects, layout aspects, distri-
quired interfaces (components that need to be selected ftwtion aspects that can be specified with different requirements
given class to work correctly)) component classes, that is, thén different specific applications.

innermost components of a class providing the class externalyithin each role, indications are given to the developer con-
behavior;c) acquaintances (classes that are related to the &ming other components to be interfaced with the component
lected class). Therefore, using the design suggestions incoking designed, according to different design choices guided

rated in meta-level classes, RECAST helps to complete Hiestate transitions from a meta-level abstract state to another.
specifications witllefaultspecification classes and drives the

application developer in tailoring the reusable components.3.3 RECAST composition method and

Application-level classes and meta-level classes are repre- 1Nnterface

sented using the ORM formalism described here beneath. The ability to combine reusable components together in differ-
. . ent ways to form different applications is recognized to be a key

3.2 The Specification Model issue to the achievement of software reusability [2]. Moreover,

As described so far, the Ithaca approach to application develojerarchical decomposition methods are in widespread use [5],

ment s fully object-oriented. To this purpose, RECAST knowdnd Hierarchical Object Oriented Design methodologies are

edge is described using an object-oriented specification mogetiving their effectiveness [16]. RECAST uses a component

the Object with Roles Model (ORM) [25]. The ORM model isomposition method based bierarchical compositionvhere
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the behavior of innermost components is encapsulated in higét of selected classdg;an area for the pool of selected com-

er level abstractions. ponentsg) an area dedicated to provide assistance to the devel-
Components are connected o& linkswhich map outgo- oper.

ing messages of one role into incoming messages of anotheExisting components must be provided to the user with hid-

role and vice versa. Another basic concept for compositiordisn details to improve orientation: irrelevant features should

the Process Classvhose roles represent tasks of the applicaet be presented, the set of elements displayed should be based

tion; process classes are used in the requirement compositionhe operations performed, and the detail should be adjust-

process to coordinate the various selected components to natge by the user at any moment. To this aim, in RECAST, vari-

el the whole behavior of the application under development [8lis abstraction levels are considered.

Connecting a class role with one selected component via arhe specification window of Figure 2 is divided in four
role link initiates the retrieval from the SIB of the classes apdrts. The upper left part is used to interconnect components.
roles whose presenceNgcessaryn the application. Here, person/office has been selected by the developer, and

The design suggestions originated by one connection (eitdecument, with the base-role and the being-prepared role, has
explicit or implicitly suggested by RECAST) are the classégen suggested by RECAST (shadowed area). The lower left
and roles Necessary and Optional interfaces. Repeating ghet presents design guidelines, and the operations allowed to
connection process, specification classes may be conneé@#idw these guidelines. The to-do list allows the developer to
into complex aggregates until the desired specifications segect and define optional (P) roles, necessary (N) roles and to
composed. In the Ithaca terminology, this process of compagifine the non-functional requirements; eventually, the COM-
tion with associated graphical notations applies to all phase$MT option allows the developer to terminate the specification
the software process. Specification classes may themselvesfbgocument'.

composed of classes at a deeper level of abstraction; correthe right quadrants of Figure 2 are the interface between
spondingly, the inner workings of one class is shown in terms@f CAST and the SIB and Selection Tool. Itis possible to select
classes providing the class external behavior. a set of components with the Selection Tool and to insert them
In the example of the Public Administration domain [19]n the pool of specification components. To each component, a
the interaction and inner workings of a sample Public Admifheta-level class is associated which provides design guide-
istration Office with private organizations or persons are mdphes. In the example in Figure 2, given for ‘document’, the
eled, representing institutions (Police Department, Cleaninggindow of the Selection Tool shows the Is-A hierarchy of ‘doc-
Services Department) which might be asked for their authaiiment’; here, the user selects the ‘official-document’ class,
zation when handling public events. Requests and authoriggich is therefore moved into the component pool area.
tions circulate in the form of documents: request and approval . L .
(or rejection) documents. The bagiocess clasdefinedinthe 4 Visual Scripting: Vista

SIB for this exarpple is thé’L_‘b",C Administrationclass; other gotware components selected and identified at the specifica-
classes are the ‘Person/office’, representing the office emplgy, |evel by RECAST are tailored and composed into the cur-

ees or agents, the ‘Document’, the ‘Official Document’, and thent specific application through the Visual Scripting Tool, Vis-
‘External Office’. For these specification classes, the requirgd

interfaces (Needed classes), the hierarchical innermost comp

nents at variougbstraction levelsand the acquaintances (Op Visual scripting is an approach to the interactive construc-
. : ) tion of applications from reusable software components in
tional classes) are defined in RECAST meta-level clas PP P

SWhich both the internal behaviour of applicati

e . pplications as well as
SpeC|f|cat|o.n a’?d meta-level classes appear in REGASHT their user interfaces can be directly edited and manipulated
faceshown in Figure 2.

[23]. Vista is being developed as part of the Ithaca ADE by the

_In d_esigning RECAST user interface, the pro_blem Of OrieBentre Universitaire d’Informatique of the University of Gene-
tation in the development information space quickly arises,

usually occurs when dealing with large class collections [15].'\/ista is based on C++ and X, using the Motif user interface

Moreover, the architecture of RECAST has to take into acconliigélk.t The current version of Vista supports a small set of soft-
carefully the interaction with the SIB, with the Selection Too ’arel c;om oﬁents <\j/e ello ed flor del;fg)nstrat'on roses. It is
and with Vista. Therefore, as shown in Figure 2, RECAST prV(\)'- P velop lon purp -

vides the application developer with three windows, one pﬁSSIble to develop, by scripting, very simple forms-based ap-

each tool of the Application Development Environment: cations th_at display |_nforma_1t|on retr_leved from a database.
R ) , Transformation on retrieved information can be performed,
» aspecification window (RECAST window),

. . and information can be propagated from one component to an-
* adesign window, other. A variety of user interface components (buttons, sliders,
» aselection window. etc.) can presently be scripted. Ongoing work is to support the

Within each window, each tool is working independentlyise of scripts as components (to permit the use of applications
and more subwindows are created either automatically or uftit using Vista as components in larger systems), and, in col-
the app"cation deve|0per’s requests_ Each tool window Cdﬂboration with Ithaca partners, the development of other com-
tains the following information (here, we focus our attention gPnents suitable for scripting.
the RECAST window)a) an area for combining components An exploratory prototype of a visual scripting tool, called
in the development documefit4], eventually containing the VST, which was based on Unix commands and files as compo-
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RECAST PAdm |e‘6e" Specification Component Pool
view .
erson/office
expand d I N PAdm Show Structure
cluster N External-Office Show Options
i +1 N Document.
: P Person-Office
-1 P Official Document
document
show roles
hide roles
base-role detail role
undetail role
o explain
being-prepared delete
move
copy
PAdm Framework . .
Meta-Document Selection Tools filter
browse
To Do Necessary roles
_ meta-func -inst r
commit meta-signa select
def N roles '{S%igt r}
def P roles g t
. ocumen
def N _|ntf meta-presentation
def P intf

Optional r oles
meta-signature

meta-delivery

Necessar y Interfaces memo

person/office

official -
document

Optional Interfaces

Figure2 RECAST Interface (from Proc. 3rd Conf. on Advanced Information Systems Engineering,
May 1991, with permission of Springer-Verlag)
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nents, was implemented during 1989 using Objective C and thel. Enhancement of Vista functionality (scripts as compo-
ICpak 201 class library [31][29]. nents, saving of scripts, improvements to user interface,
etc.)

Integration with other Ithaca tools (porting to common
hardware platform, communication with software infor-
mation base, scripting of components written in the
CoolL programming language developed within Ithaca,
etc.)

3. Development of demonstration scripting components in
collaboration with Ithaca partners responsible for appli-
cation workbenches (starting with support for scripting

of “active forms” — electronic forms whose fields have

an associated behaviour, as in, e.g., spreadsheets).

VST demonstrated the basic ideas of application develop-
ment by scripting: the graphical presentation of components;~
ports to represent the open parameters of components; script-
ing as a graphical editing activity; encapsulation of scripts as
components, permitting their reuse in later scripts; and imme-
diate execution of composed scripts.

Vista is a completely redesigned visual scripting tool that
addresses those aspects not covered by the initial prototype,
namely: the accommodation of object-oriented software com-
ponents (rather than Unix commands); more general model of
software composition (i. e., other than stream-based connec-
tions); support for scripting of user-interface components. ;1 Concluding Remarks

addition, since Vista can be seen as a kind of "graphical ed't%e Ithaca Application Development Environment promotes a

for object-oriented applications, it was decided to use the Lab- onent-orientedoproach to software reuse which distin-
yrinth Graph management package [17] developed by FORTRP pp

i . uishes between the activities of (1) preparing reusable soft-
to manage the connections between graphically represente : L
ware and (2) composing applications from reusable compo-
software components.

nents. This approach is characterized by:

The current version of Vista implementation [11][12] sup- , Ap Evolutionary Software Life Cycle: application en-
ports the selection of components by means of a menu, the gineeringis the process of producing generic require-
graphical linking of components, immediate execution of . .o models, designs and software components on the
scripts and the s_aving ofscripts_. The possibility of using scripts |4 qis of experience gathered from building previous ap-
as components is presently being implemented. plications;application developmeris the activity of in-

A small set of very simple components for demonstration  stantiating new applications from the generic designs.

purposes has been implemented: text fields, labels, toggle and Application Frames: generic and specific application
arrow buttons, slider, system date, “orchestra”, simple arith-  frames structure and organigeftware descriptionst
metic calculator, simple database of records, document. The the |evels of requirements, designs and implementation.
scripting model presently supported is essentially a dataflow,

model: components make values availfible on their output ..o <tored and managed bgaftware Information Base
ports, and these values propagate to the input ports of connect- (SIB) and an associat&klection Too[ST); aRequire-

ed components. (A “scripting model” standardizes the kinds of ments Collection and Specification TRRECAST) ne-
ports and links available for a particular components set). This gotiates the “guided tour” of the SIB during the applica-
very simple model is sufficiently general to support more ad- & development activity: and thésual Scripting Tool
vanced scripting models in which connections represent client/ (Vista) provides a direct 'manipulation graphical editor

server relationships between cooperating objects. The valuesto ¢, interactively constructing running applications from
be propagated in such cases are the object identifiers — the job retrieved and instantiated components

of Vista is to keep track of which connections are permissible, . .
and to actually establish the connections at the level of the _un:rhe key gssumptlorj of the _Ithac_a appr_oac_h_ Is that a h_eavy
derlying objects. Investment in app!l_catlon engineering is justified by the im-
proved configurability, robustness and openness of the result-
A scripting model foactive formss currently under devel- ing applications. The quality of application engineering can be
opment. The model willinitially support form and field compaaya|uated in terms of how well reuse is supported during subse-
nents, and will later be extended to accommodate other comp@ent application development. For this reason the SIB is more
nents that store and manipulate forms (e.g., folders, in and@igh just a library of object classes. To support the negotiation
trays, form queries, form producers, etc.). Forms are surfagegyity of RECAST, knowledge concerning the potential for
that contain field components. Fields are typically “active” igyse at all levels is encoded in Application Frames in terms of
the sense that they may not just store information, but they %@Objects with Roles ModéDRM). This knowledge is used
have an associated behaviour (verifying a constraint, compdiyuide the application developer using RECAST along a cer-
ing a value, etc.). Furthermore, active fields may control the gin development path. To support the software composition
pearance of a form, which may be associated with sevefgfivity of Vista, object classes are designed to conform to a
“views” that may change according to the state of the form g4ripting modelwhich standardizes their interfaces and im-
who is currently looking at it. Active forms in a sense genergyroyes their potential for reuse.
ize functionality found in electronic forms systems, hypertext The Ithaca ADE will be evaluated for selected applications
systems and electronic spreadsheets. See [22][23] for an Oyetnree “demonstrator” domains: Public Administration, Fi-

view. nancial Applications, and Office Systems. The main difficulty
Work on Vista is continuing now on three fronts: is that it is necessary to play the role of Application Engineer to

Application Development Tools: application frames
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populate the SIB before the approach and the tools can be {é4i-
ed. Itis for this reason that relatively well-understood applica-
tion domains have been chosen for the initial experiments. At
the same time, the approach will have a demonstrable ad\{ggq
tage if it can cope well with change and evolution, so it has been
important to select application domains in which configurabil-
ity and openness are implicit requirements. At this point, proto-
type implementations of all of the tools have been completﬁg]
and integration work is ongoing.

A longer-term goal of Ithaca is to turn the scenario of ti&/]
evolutionary software life cycle into a true methodology that
incorporates both application engineering and application (?98]
velopment. Such a methodology would be based primarily on
redesigning and reengineering of existing applications, and
would take into account reorganization of Application Framﬁsg]
to incrementally improve reuse potential.
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