INFORMATION
AND
SOFTWARE
TECHNOLOGY

e 7 N 7
ELSEVIER Information and Software Technology 40 (1998) 69-78

Asset-based system and software system development — A frame-based
approach

Jahangir Karinft, M. K. Zand*

@University of Colorado at Denver, Denver, Colorado, USA
PDepartment of Computer Science, University of Nebraska at Omaha, Omaha, NE 68182, USA

Received 15 March 1996; received in revised form 9 February 1998; accepted 13 February 1998

Abstract

Previous works on software reusability has shown that an asset-based systems development strategy to software reuse is effective
identifying reusable design components. This strategy requires moving away from traditional and stand-alone applications developme
toward an integrated approach. This paper will review previous work on using frames for knowledge representation and will show how al
implementation strategy based on the frame-based representation can be useful as a possible implementation approach for the asset-t
systems development strategy 1998 Elsevier Science B.V.
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1. Introduction the reuse reported at IBM have came from domain-specific
libraries [6]. Isoda emphasizes the selection of a specific
In today’s marketplace, a competitive software develop- appropriate domain, followed by performing domain analy-
ment shop is one that can reduce product delivery time, sis on that domain to develop specific domain modules, as
increase diversity of the product, enhance interoperability one of the primary factors in the success of a reuse project.
of its products, and conform to standardization of compo- One of the major problems of the NTT project was the
nents. In the past decade, software reuse has graduallyinappropriateness of the target domain. The REBOOT
started coming into the mainstream of research and practiceapproach too emphasizes the domain-oriented method as a
as a viable subfield of software engineering. There have ‘secure way’ to produce reusable components [1,7].
been many papers and articles in technical, professional, A lack of a clear strategy has hampered the development
as well as trade publications dealing with the issues and of software reuse [2,8]. The traditional approach to software
prospects, the pros and cons, and the incentives and impedidevelopment lacks focus on: (1) planned reuse; (2) system
ments to software reuse [1]. development from an integrated, i.e., organizational rather
Software reuse is the reapplication of a variety of com- than stand alone application, perspective; and (3) long-term
ponents of existing systems to a new and similar system. organizational strategic advantage. Asset-based systems
Reuse practice exhibits significant break-through, far more development strategy to software reusability have proposed
than other on-going activities, to enhance the software to address the above mentioned objectives [5,9]. This strat-
development process and to restructure not only the proces®gy requires moving away from traditional, stand-alone
of software construction but also the actual software devel- applications development toward an integrated approach.
opment departments. To accommodate for and to exploit It translates long-term organizational strategic needs to
software reuse, the management and organization of theseshort term systems development objectives. One study
departments are to be restructured not just locally and in reported the experience of a large bank in implementing
isolation, but also in the context of the entire organization an information systems strategy that is based on the concept
[1,2-5]. Furthermore, existence of business modeling andof reusability [10]. The study reported that, although the
domain-specific systems are considered to be of prime fac-reuse strategy described in the bank study was indepen-
tors in success of development reuse project. About 85% ofdently arrived at, the reuse strategy used was in essence
equivalent to the asset-based systems development strategy
* Corresponding author. proposed in another work [9]. In bank experience, it was
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g:ga:-iqau;glnal assets; and (5) identify data assets. A brief description of the
/ cate T \ asset-based systems development strategy follows.
e b s p- Information Systems 1.2. Identifying the scope of integration
% e 47 Within the context of application devel t, th
Assets ithin the context of application development, the scope
Application — N Data of the integration is defined as a set of applications that are
Assets Assets chosen for strategic reasons for composing together. Within
Fig. 1. Asset-based system development strategy. a bank for example, these can be high-volume, transaction

i ) processing type banking applications (e.g., demand deposit,
confirmed that applying the reuse strategy saved the bankqjg card, installment loan, etc), where a good deal of com-

over $1.5 million in development costs in one year alone. In monality exist among them. The data and process require-
the bank stud_y the reuse strategy was effective inidentifying ents within the set are used for composing applications
reusable design components. Biggerstaff and Lubars haveyggether in an integration process. This process can be done
point out that ... Having a stable, well understood software 5 several levels: subsystem (program or module) functional
asset base is crucial to achieving successful software reuse”(application), and operational mode (decision support, admin-
[11]. Proposing an effective method for implementing these igrative, or transaction processing). Each scope of integration
components is still an open area for research. ~ should contain only one operational mode. For example,
This paper will focus on proposing an implementation operational systems are usually separate from administration
method for the asset-based systems development strategQysy siems, For all practical purposes because operational sys-
First, this strategy is briefly reviewed. The overview of the gg represent one mode of operation and administrative sys-

previous work on using frame for knowledge representation yomg another mode, they should be separated. The model that
and frame-based reasoning are presented next. This OVerieg its when operational and administrative systems are
view will show how frames allow for segmentation of var- i o4 tends to be very confusing and misleading.

ious parts of domain knowledge into sub-units. Finally, this
paper will show how an implementation method based on 1.3. Building a semantic model
the frame-based representation can be useful for the asset-

based systems development strategy. Both a top down and a bottom-up analysis approaches are
used in integrating applications within the scope of integra-
1.1. Asset-based systems development strategy tion, because employing only one of the approaches may not

guarantee accurate resdltdn this integrated approach,

As shown in Fig. 1, the asset-based systems developmensemantic modeling is used to represent structural aspects
strategy is different from traditional applications-based sys- of business data using objects, attributes, type constructors,
tems development strategies in many ways; the differencesandis-a relationships [12]. In semantic modeling any con-
are differences in planning, organization, administration, cept is first identified as an object and then objects are
and control of information resources. This strategy takes organized into object-types or classes. For example, Fig. 2
into account how the organizational strategic plan must jllustrates the financial system of a bank. It shows the rela-
drive the information systems strategic plan which, in tionships among classes and sub-classes within the system.
turn, determines the information systems architecture In this example, the financial system of the bank is decom-
components In this article these components are called posed according to its internal organization. However, the
information assets. The commonality of data process typeshusiness of the bank is the concept used to create the seman-
among applications is the basis for identifying application tic model. In order to relate object types, the emphasize is on
and data assets. Major advantages of identifying common-the functionality of those objects. Relations in semantic
ality at the organizational level is to prevent multiple model are shown big-a. Further, the relationships between
development and to minimize maintenance efforts. By mini- objects or classes are viewed using abstraction mechanisms:
mizing design redundancies of these applications at the orga-generalization, aggregation, or classification f13he goal
nizational level, the assets are constructed and maintained onlyf semantic modeling is to insure that the scope of the
once (even though they may exist in multiple applications at integration is covered; by ensuring that all major objects
the implementation level). Therefore, this strategy emphasizes
reusability at the design rather than the code level. Based on *Using a top-down analysis alone may result in disregarding details of
this strategy, a method is proposed to: (1 denify the scope of 110N (Brocesses) and ata wihin thoss apptcatons, On he cterhand
integration; (2) build a semantic model of the scope; (3) iden- tions and the inherent structure of those functions.

tify application and task categories; (4) identify application ‘3In generalization like objects are abstracted by relating them to a
higher-level object. This relationship can be characterize ais-arsub-
N set-ofrelationshipIn aggregation an object is related to its sub-compo-
! The information system architecture of an organization is a general nents via ds-part-of relationshipand it is modeled based on its properties.
model of the desired structure of the organization’s information systems. In classification specific instances of an object are related to a higher-level
It is usually consists of data, application and network architectures. object via thes-instance-of relationship
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Fig. 2. Generalization abstraction of the financial system of banks.

are represented and properly related to each other. By apply-However, due to common entities shared in both commer-
ing a top-down analysis approach to the system, the basecial and retail banking, only one ERD is constructed to
(most abstract) objects are defined first and then the sub-reflect both aspects of bank business. This global ERD is
types are defined in a downwards move. represented in Fig. 3.

Beside looking at the functions within the scope of
integration, the semantic modeling is also done by looking 1.4. Identifying tasks and application categories
at the data. The entity—relationship diagrams are used to
create a global ERD [14]. Here the emphasis is on selecting Primary processes (functions) are identified at the same
common entities. As illustrated in Fig. 2, the operational level of abstraction as those in the global ERD model. The
systems are divided into commercial and retail banking. emphasize is on identifying processes that are différ&aich
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Fig. 3. Global ERD for the retail business of a bank.

“In a top down decomposition of the system, the intent is to select com-
mon processes at each level of decomposition by generalization abstrac-
tions. The decomposition stops at the lowest functional distinction; that is,
at the point at which the functional activities cannot be subdivided into a
lower set of distinctive functions.
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Primary Acceptance of Establishment of Transaction Account Related
MP Account Terms of Account Against Account Calculations
is-Part-of Is-Part-of
Applicarion Loan Demand-Deposit Time-Deposit Credit Card
Categories Account - Account = Acoount *=  Account

Fig. 4. Primary business processer and application categories.

of the identified processes and its execution cycle is specified.multiple implementation and maintenance efforts. Fig. 6

As shown in Fig. 4, the primary business processe common toshows how the common processes can draw on functions

the global ERD are acceptance of account, establishment ofof the supertype.

terms of account between bank and customer, transaction

against account, and account related calculations. For eachl-6. Identifying data assets

of the primary processes, aggregation abstraction is used to _ ) o

identify the functional activities (application categories) ofthe ~ Data assets are associated with application assets. Captur-

bank. As shown in Fig. 4, four major accounts representing g the meaning of the application assets makes it possible

each of the primary business processing are identified. to reuse and maintain such vocabularies. D_ata assets are
Using aggregation abstractions, the application categoriesdef'ned as semantic knowledge connecteq with application

are expanded to their subactiviffeThe subactivities that and task categories. These are the constraints that are placed

are repeated in each of the application categories are idenOn Objects, operations, and relationships. By capturing this

tified next. Using generalization abstractions, these commonknowledge and standardizing it, the meanings of the appli-

subactivities are consolidated to generate task categoriesCations are captured. Fig. 7 illustrates a typical data asset for

e.g., payment, credit. Then using aggregation abstractionsthe credit loan account in Fig. 5.

each of the task categories are decomposed to detail subtask

level in order to further identify the common processes. Fig. 2. Frame-based reasoning

5 illustrates the relationships among application categories,

task categories, and common processes of the retail subsys- A frame provides a structured representation of an object

tem of the financial system shown in Fig. 2. or class of objects. Frames can be used for recognition,
o o interpretation, action, and the prediction of entities or situa-
1.5. Identifying application assets tions on the basis of information obtained from the environ-

ment [15]. The use of frames to represent domain entities

Application assets deal with logic structures that are yas explored for design of expert system builder in ESPRIT
repeated many times across applications. By identifying gg project [16]. The study reports that by using frames,
and standardizing these abstractions (logic structures,knowledge modularization and reusability is greatly
design information) and defining them logically in a single enhanced in the system. Modularization mechanisms let
place, the potential for redundancy in design is reduced. Theyoy manage the complexity of large systems both during
common processes found in each task category can serve ageijr development and maintenance phases. “Frames can be
the basis for reusable design information. By identifying organized into taxonomies using two constructs that repre-
commonality at a high level (across applications), multiple sent relationships between framesember linksrepresent-
development and maintenance efforts are avoided (within jhqg class membership, astibclass linksrepresenting class
applications). By describing common processes as far up thecontainment or specialization” [17]. A frame can be imple-
is-a hierarchy as possible, definition/operations are sharedmented as a collection of si§tsSlots are eitheown or
with the greatest number of subtypes. By subtyping, com- mempersiotd. Situational framesontain just the rules or
monality between types is accounted for through the super-
type, Sm(_:e_ a sut_)ty_pe Isa Sfpec_lahza_t'on Of_lts supertype. By 7 Slots are frame components used to store variables or sets of attribute
standardizing this information in a library, it can be reused descriptions that characterize the frame. The links allow for two interpreta-

across applications. This will avoid the cost associated with tions of the meaning of ais-a link, as in ‘A hotel bedis-a bed" and *A
mattresss-a cushion’.
" OwnSlotsan occur in any frame and are used to describe attributes of an
5 For each application category, unique and common subactivities can be object or class. The value of the slot is not inherited. MemberSlots

identified using aggregation techniques. By focusing on identifying all occur in frames that represent classes and are used to describe attributes of
activities (or processes) that are fundamentally different; the primary pro- e€ach member of the class, rather than the class itself. The value of the slot is
cesses can be idntified and defined. This in turn will lead to the identifica- inherited by those of the subclass or is shared by the members within a class
tion of the processing cycle. [18].
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Fig. 5. Relationships among application categories, task categories, and common processes.

facts applicable to a problem and provide some mechanismis used to establish default values and excepti®dfasue
for relating frames. The primary mechanism used is inheri- class and cardinality reasoningare constraints on the
tance through which a subframe can draw upon information legal values of a slot. The value class is used to perform
from a superframeAction framesconsist of slots that spe- membership test. This test is to find out whether a given
cify tasks to be performed. Action frames like situational item is in a class represented by a frame by sending a
frames, may also be hierarchically organized through the message to that frafieThe frame’s response would deter-
use of task slots, which may point to other action frames. mine whether the item is a member or not. Thus, each class
Inheritanceprovides a mechanism by which frames relate in the knowledge base can have its own membership test
to each other. Inheritance is implemented through various [20].

links such assa, ako(a kind of), andsuperg(super Class). It Previous research has shown that these features of frames

Credit

Propedties:
Account Number, Account Balance
interest Rate. Date. Payment
Functions:
Verify Date. Amount of Credit
Verify Form of Credit
Retrieve Credit Amount, interest Rate
Calcutate interest, Charges

Record Payment
Credit Credit Demand- Credit Time- Credit
Loan Account Deposit Account Deposit Account Card Account
Function: Function: Function: ~unction:

Calcutate Interest, Functions: Functions: Calculate Interest,
Charges Calculate Interest. Calculate Interest Charges

Charges Charges
Subtract interest, Subtract intecest,
Charges from Subtract Charges Add Interest to Charges from
payment Yielding From Balance Balance payment Yielding
Prncipal Payment Principal Payment

Credit Payment to Credit Payment to
Subtract Principal Account Balance Account Balance Subtract Principal
Payment from Balance Payment from Balance

Fig. 6. A graphical representation of an object oriented development for the credit task category.

8 Value-class constraint checking procedures understand the semantics of
basic set theory operators and numerical intervals. The expert system in
[19] uses value class and cardinality to provide constraint checking. This
checking is used to determine whether a slot’s value-class and cardinality
specifications exclude a given item from being a value in a slot.
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OBJECT-TYPE: Loan

HAS-ATTRIBUTES: Frame-Type: F
Acct-number: Integer;
Acct-balance: Real; Application_Category: A

Interest-Rate: Real;
Date: Integer;

IS-A Credit-L, Links:

=i redit-Loan; .

IS-INSTANCE-OF Loan; member_of: M
Subclass: §

END-OBJECT-TYPE

Has_Attribute:
Fig. 7. Data assets. Memberlist: ML
Ownlist: OL

Methods: T
were useful for constructing, organizing, and controlling

the behavior of expert systems using production rules. In
addition, by representing production-rules in frames, rules Fig. 8. Structure of a typical frame.
can be grouped into classes. The description of the rules can
include attributes of the rul@sAs a result, frames allows
production rules to be organized as easily managed module
(concept bases). These modules contain: (1) the descriptions
of the domain entities; (2) structural and behavioural
properties of all the entities in a given application domain;
and (3) are organized into an inheritance hierarchy where
knowledge in one frame is also accessible by all its children.
By defining different concept bases, the expert system can
be used in multiple applications [9].

Define application categories, s&t for each class of

object.

7. Use procedures to drive inheritance and access methods
among super class and sub class of each new assets/
frames and their subclasses.

8. Include asset details (in the form of frame) and details of

defined methods for each frame in asset library.

At the end of this process frames contain information and
structure as depicted in Fig. 8. The following pages provide
3. Implementation in frame-based systems more detailed descriptions of the above procedure.
In using frames in the asset-based systems development

In this section we first describe how frames are used in an Siratégy, objects are represented as frames. Frames are
asset-based system, provide some detail on implementatiorf€/ated by two types of links: subclass and member links.

of the system, and finally compare our approach with some The links in the subclass links represent class containment
of the similar existing methods. or specialization. However, the links in the member links

represent class membership. In the bank example in Fig. 2,
Decision Support, Operational, Administrative are exam-

ples of objects. Objects are classified in class, subclass,
and superclass categories. Within each class of objects
there are activities (tasks) and values (application cate-
. . . . ories) that define the class. The slots in these frames are
to identify, create, and store the asset objects in the form Ofgsed f)or representing tasks and application categories. In

frames in asset library. This task is carried out in the follow- Table 1, the superclass (Financial System) is linked with
ing steps and product of each step is represented by a SymbOIi'ts subclasses (Decision support, Operational and Adminis-

3.1. Using frames in asset-based systems

There are eight major steps in creating data and applica-
tion assets by using frames. The major task in this system is

1. Define asset objects as frames, representde by trative) via subclass links.
2. Define class hierarchy for assets/frames by relating them Table 2 represents an example in using member links.
in the form of member links, represented by ket Task category (Credit) is linked to its own members

3. Define class containment in the form of subclass link, set (Loan Account, Demand Deposit Account, Time-Deposit
S. Class hierarchy is created upon the completion of this Account, and Credit Card Account application category)

step. via member links.
4. Define attributes for each frame in the formafnlist, As shown below, the fram€redit has common proper-
setOL, andmemberlist setMl . ties such as account number, account balance, interest rate,
5. Define (specify) class methods (tasks, Bgtfor asset date, and payment that are shared among the other member
classF. frames. Additionally, functions are grouped under the

Credit frame and are also shared by the member frames.
ST X TERNAL FORM g the rule nd These functions could consist of verifying date, amount of
rule includes an . slot containing the rule nd a H H H H
PARSE method for converting the rule into an internal form. The internal credit, verify form of credit, etc. The common properties

form contains lists of expressions. These expressions are the values of thdNéntioned above would be tidemberslotgor the frame
slots CONDITIONS, CONCLUSIONS, and ACTIONS [21]. Credit
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FRAME: Credit
Superclass: Retail
Member classes: Credit Loan Account, Credit Demand-Deposit Account, Credit Time-Deposit Account, Credit Credit-Card Account

SLOT ATTRIBUTES

MemberSlot: ATTRIBUTES Account-number: Integer
Account-balance: Real
Interest-rate: Real

Date: Integer
Payment-amount: Real

MemberSlot: FUNCTIONS Verify Date, Amount of Credit, Verify Form of Credit, Retrieve
Credit Amount, Interest Rate, Calculate Interest, Calculate
Charges, Record Payment

Within each frame are two types of slots which describe the 3.2. Reusing assets from asset library

attributes of the frameOwnslotsand MemberSlots An

example of Ownslots is in the fran@redit Loan Account To reuse assets from the asset library for a related appli-
This frame would contain attributes specific to its functions cation the following steps should be taken:

and would draw upon the properties of b@teditandRetail

Its OwnSlots could calculate payment and update accountl. Define the class-type;, application categoryA, and
balance. Both application and data assets can effect attributes methodsT, (or method description) needed for the new
and behavior from higher level objects in the hierarchy. application.

FRAME: Credit Loan Account
Superclass: Retail
Member of: Credit

SLOT ATTRIBUTES
OwnSlot: HAS-ATTRIBUTES Principal-payment: Real
MemberSlot: FUNCTIONS Get Interest, Get Charges, Calculate Principal Payment, Update
Account Balance

Situational and action frames are used to define the appli-2. match the requirement specificatioRsA, andT) with the
cation and data assets. Within all the application and data contents of the library to find a possible matching frame.
assets, value class and cardinality reasoning can be used t8. If a match was found traverse the class hierarchies within
place constraints on the legal values with a slot. Therefore, the frame and check if a complete match is found or
there will be no further need for incorporating error check- modification is needed.
ing within each module. Data Assets are represented by4. If more than one frame from the library is needed to
frames using member links. As an example of the credit  represent the new application a new frame must be cre-
subclass, the slots within the data assets would be primarily — ated to include the existing frames as its members [22].
of MemberSlotsThe specifications for application and data
assets for the Credit Task category are shown below; While a frame-based implementation approach offers

FRAME: Credit Demand-Deposit Account
Superclass: Retail
Member of: Credit

SLOT ATTRIBUTES

OwnSlot: FUNCTIONS Get Charges, Subtract Charges from Balance, Credit Payment to
Account Balance

FRAME: Credit Time-Deposit Account
Superclass: Retail
Member of: Credit

SLOT ATTRIBUTES

MemberSlot: FUNCTIONS Get Interest

OwnSlot: FUNCTIONS Add Interest to Balance, Credit Payment to Account Balance
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FRAME: Credit Credit-Card Account
Superclass: Retail
Member of: Credit

SLOT ATTRIBUTES

OwnSlot: HAS-ATTRIBUTES Principal-payment: Real

MemberSlot: FUNCTIONS Get Interest, Get Charges, Calculate Principal Payment, Update

Account Balance

many advantages, there are some drawbacks that need to b&.3. A prototype implementation of frame-based system
considered. First, frames are pre-structured semantic nets
and are not very flexible for representing knowledge in  Prototypes of this approach have been implemented in
highly dynamic domains. Thus, the structure of a frame and XLISP [22]. The XLISP version follows object-oriented
its placement in the overall hierarchy has to be carefully concepts of data encapsulation, information hiding, and
thought out. Besides, the degree to which the domain is inheritance.
defined can influence how inclusive the description of the  Forimplementation, specific consideration may be neces-
world being modeled. For example, if a ‘car’ was the smallest sary depending on the language of choice. In implementing
atom in a representation, then the system cannot reason abouhe retail subsystem in XLISP (version 2.1). in the above
the components that make up a car. Thus, all the relevantexample, the difficulty was how much to decompose each
information should be included to properly describe a domain. function [24]. In the asset-based systems development
In addition, a frame-based system may draw erroneous con-strategy, decomposition is used as a method for identifying
clusions in cases where a given representation has multiplecommon processes. To take advantage of inheritance in this
meanings. A frame-based system must be able to handle sidémplementation, at each level of the decomposition, the
effects caused by actions as the program reasons. To prevertommon processes were placed in the supertypes rather
unwanted side effects, the domain mapping must be exhausthan subtype¥. Depending on the language of choice the
tive enough to handle all possible outcomes [15]. data and application assets may or may not need to be com-
Further, the computational efficiency of a frame-based bined into the same modules. As objects/classes are created
system can be an important limitation since systems basedand then combined into a program, it is clear that having
on unconstrained logic pay a high price in efficiency [23]. data assets apart from application assets leads to more
The trade-off between the expressiveness of the domain andvork**.
the efficiency of the logic used in the system’s reasoning One of the key principles of frame-based implementation
need also to be considered. One way for improving the is encapsulation function in frames. This works fine if all
computational efficiency of the system is to define common the information needed by the function is within the mod-
processes as far up thigea hierarchy as possible. This will  ule (frame) or can be calculated by the module. It does not
allow sharing definition/operations with the greatest number take into account possible dependencies that are caused by
of subtypes. By subtyping, commonality between types is the passing of data between frames. One way to overcome
accounted for through the supertype. this is to use global variables, but this would defeat the
Finally, in the case that implementation language permits goal of making the modules ‘black boxes’. Thus, the issue
unrestrained overwriting of the inherited properties care becomes one of scope of variables versus data coupling. In
should be taken to avoid debugging problems. These pro-XLISP, variables are considered local in scope within a
blems may result from frequent changes to functions of a
module so that it no longer performs in a manner consistent 14p;e 2

with its initial definition. Member links

Member of Frame Member Frame

Tablel None Credit
Subclass links Credit Demand-deposit accounts
Superclass Frame Subclass Frame Cred!t L_oan accoupts

Credit Time-deposit accounts
None Financial systems Credit Credit-card accounts

Financial system
Financial system
Financial system
Operational
Operational
Retail

None

Decision support
Operational
Administrative
Commercial
Retail
Credit
Utility

0 Each type (e.g., credit loan) has a supertype (i.e., credit) from which it
inherits operations (method, function, e.g., verify amount and payment) and
attributes (e.g., implementation for instance variables such as payment-

amount).

111t takes more work to include the two separately than it does if they are

one entity.
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class. That means data assets are always being locallySuch an intelligent system facilitates reuse and redesign by
defined within the scope of the class. By making the allowing the user to change intermediate abstractions to form
data assets static, either parameters need to be passed slightly different system. But to do this the design of the
(which means more attention will have to be paid to intermediate abstraction levels must be an integral part of the
data coupling), or some encapsulation properties need tosoftware deign process [17]. However, Fisher offers no spe-
be given up. cific strategy for: (1) identifying the common data and pro-
cesses within across applications; and (2) implementation of
3.4. Organizational requirements to use asset-based systemshe intelligent design environment.
The differences between an asset-based approach and
The asset-based systems development strategy and thdomain analysis follows. Arango [2] sees reuse as a learning
proposed method require a corporate infrastructure thatsystem. In his proposed model, software development is a
encourages and rewards software reuse. It requires thaself-improving process that draws from a knowledge source
top management understands the critical role of software which is named reuse infrastructure and is integrated with
reuse; it requires participation of project management and the software development process. Reuse infrastructure con-
software experts in strategic information systems planning. sists of reusable resources and their description [2].
These are essential requirements if top management is to In the reuse environment promoted by Arango, using
address non-technical issues (e.g., legal and proprietaryreuse infrastructure and by specification of the software to
rights, compensation for the developers of reusable parts,be built, implementation of desired software can be
internal cost apportionment methods for purchasing reusa-achieved. The software produced is compared to the input
ble parts, etc.) associated with software reuse. These areof the system (specification of the system). The lack of a
equally as important as the technical issues. formal and systematic methodology is the primary issue in
domain analysis [2].
3.5. Comparison of frame-based implementation and other Basset has also proposed a frame-based approach to soft-
approaches ware reuse. His approach attempts to provide a foundation
for construction of software by formalizing frames using a
In DRACO [25], domain analysis is used to identify sets general frame syntax [26].
of common concepts in a particular application domain. In  Besides the frame-based implementation, a functional
this approach, common concepts are recorded using aapproach can be used. In the functional approach, the gen-
domain-specific language. Neighbors suggest that eacheralized application assets are defined by specifying input,
domain yields a different domain representation language. output, and detail-processing steps in the form of a code
The common concepts are given to a domain designer whoskeleton. Then the related application programs are con-
specifies implementation for these concepts already identifiedstructed by specifying those parts that have been left open
in that domain. System requirements for a new application arein the generic application assets. For classification purposes,
considered in light of concepts already identified. By devel- generalization/specialization rules can be specified for each
oping several systems for the same domain, a reuse of theask category. These specialization rules can consist of rules
domain analysis is achieved. Neighbors did not propose afor constants, procedures, and interfaces, but each task cate-
theory or technique to perform domain analysis. He did, how- gory requires specification of different properties by a spe-
ever, distinguish between two activities: domain analysis and cialization rule. In the approach by Mitermeir and Oppitz
domain design. The design stage involves casting the resultd27] information about each task category is reused by com-
of the domain analysis in a form that can be usable by the pleting it with different specialization rules for each task or
DRACO technology: a domain language parse, a domain lan-application instance.
guage prettyprinter, source-to-source transformation for the
domain, and components for the domain must be specified
to create a usable DRACO domain. However, as detailed by4. Summary and conclusions
Horowitz and Munson [21], this approach is inherently limited
by a potential growth in domain languages, each of which  This paper has shown how a frame-based representation
must be mastered simultaneously system can contribute to the asset-based systems develop-
Arango [2] and Fisher [17] also emphasize the impor- ment strategy. Previous work on using frames has been used
tance of domain analysis and domain-related abstractionsto identify the properties of frames. Although frame-based
in making reuse and redesign possible. They suggest theimplementations are not without drawbacks, this paper has
need for an intelligent design environment that keeps track shown that frames lend themselves very well to an asset-
of the levels of abstractions in a software design process.based systems development strategy. Frames allow for the
Similar to the asset-based development strategy, Fisher sugintegration of data and process modeling advocated in the
gests that the levels of abstractions need to be generatedisset-based strategy. By this integration, data and process
throughout the entire process, from determination of systemredundancy can be reduced. This will result in the elimina-
level requirements until implementation at the language level. tion of multiple development and maintenance efforts.
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Although the asset-based systems de\/elopment strategy [9] J. Karirp_i, An asset-based systems development approach to software
is effective in identifying application and data assets, care ___reusability, MIS Quarterly 14 (2) (1990) 179-198.

. . . 10] U. Apte, C.S. Sanakar, M. Thakur, J.E. Turner, Reusability-based
must be taken in the implementation stage to take advantage[ strategy for development of information systems: Implementation

of especial features of the language selected. In building & experience of a bank, MIS Quarterly, December 1990, pp. 421—433.
frame-based representation, for example, careful decisions[11] T. Biggerstaff, M. Lubars, Recovering and reusing software designs,
were made on when to allow frame slots to be inherited as American Programmer, March 1991, pp. 2—-11.

MemberSlots and when to use them as OwnSlots with no [121 R. Hull, R. King, Semantic data base modeling: survey,

. . . applications, and research issues, ACM Computing Surveys 19 (3)
inheritance. Further, this paper has shown that frames can (1987) 201260,

contribute to the system’s reasoning activities, and can 13 jm. Smith, D.C. Smith, Data base abstractions: aggregation and
organize and direct those activities. By using frames to generalization, ACM Transactions on Data Base Systems, June
integrate data and process, data and process redundancy is 1997, pp. 105-133.

reduced. This results in the elimination of multiple develop- [14] P.P. Chen, The entity—relationship model: toward a unified view of

. . data, ACM Transactions on Database Systems 1 (1) (1976) 9—36.
ment and maintenance efforts. Frames also permit the com [15] R.J. Schalkoff, Artificial intelligence: an engineering approach, New

monalities among data and processes to be shared. Future ~ vou: McGraw-Hill Publishing Company, 1990.

research needs to address the cataloguing and library strucf16] M. Cherubini, F.-L. Allessandra, P. Torrigiani, M. Zallocco, An integrated

ture to support a reuse system based on the frame-based expert-system builder, IEEE Software November 1989, pp. 44-52.

implementation. [17] G. Fisher, Cognitive view of reuse and redesign, IEEE Software 4 (4)

(1987) 60-72.

[18] G. Caldiera, V. Basili, Identifying and qualifying reusable software
components, IEEE Computer, 61-70, Feb. (1991).
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