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the RECENT RESEARCH BY CASE ASSOCIATES 
guesswor out Inc. shows that between SO to 70 percent of a 

of tool software engineer’s time is spent making changes 

selection. to mission-critical software. Hence, the tool with 
the greatest potential impact on the software 
organization is no longer the development tool, it 
is the maintenance and enhancement tool. 

Today’s maintenance efforts can best be 
described as system-replacement projects, in 
which organizations migrate or replace existing 
software functions rather than build them from 
scratch. Most of a maintenance programmer’s 
time is spent figuring out legacy code: defining 
what the current system does, where, and how. 
After identifying what data the system uses and 
wha 

- 
tP it performs, the programmer 

e the impact of a proposed 
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* inadequate project and process management, 
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MAINTENANCE CHALLENGES. As more and more 
new systems come on line, the pressure to con- 
tinually adapt all of them in response to a steady 
stream of user requests has overwhelmed most 
software organizations. Today, even though most 

software engineers are assigned to current-sys- 
tem maintenance, they do not achieve the results 
expected of them. Change requests take too long 
and cost too much. The disparity between cus- 
tomer expectations and software-engineers’ per- 
formance can be partly attributed to the misuse 
of software-engineering technology. 

Traditional CASE tools and environments 
focus on developing a new system because when 
they were introduced in the 1980s that was what 
the market demanded. By the mid-‘80s, CASE- 
tool vendors began claiming that the software- 
maintenance crisis could be corrected by Yedevel- 
oping systems with CASE tools. These early 
tools and methods emphasized getting the 
requirements correct up-front - even though 
requirements change continually throughout a 
system’s development, which can result in a sys- 
tem developed with CASE being judged unac- 
ceptable when finally implemented. 

In short, although CASE has contributed to 
new-system development, it has provided little to 
facilitate the change in emphasis from new-sys- 
tem development to current-system maintenance 
and enhancement. 

For example, CASE emphasizes logical 
design. Often, because of time pressures, pro- 
grammers must make changes to the physical 
code but cannot reflect those changes at the logi- 
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cal level. Integrated-CASE environ- 
ments, which generate code, automate 
the links between logical design and 
physical code but do not resolve the 
issue of requirements management: the 
current system still requires continuous 
maintenance even as the new system is 
being developed. Thus, CASE tools that 
do not directly tie the logical model to 
the existing system are not a complete 
solution. Without this direct tie, it is 
difficult to verify and validate that the 
new, ICASE-built system actually 
replaces the existing system. 

Even systems generated by ICASE 
tools must sometimes be changed at the 
code level, to accommodate security, 
database access, on-line access, and 
backup-and-recovery requirements. 
When these performance requirements 
are moved from the mainframe to a 
client/server environment, the tuning 
becomes more complex. In either situa- 
tion, the programmer works directly on 
the source code generated by the ICASE 
tool. Any physical changes the program- 
mer makes lack a logical-model equiva- 
lent, which causes disparities between 
the code and its logical-model counter- 
part, negating the ICASE tool’s ability 
to accurately generate the application in 
the future. 

ENGINEERING ALTERNATIVES. Reverse- 
engineering and reengineering tools 
strive to provide the link between the 
existing system and the replacement sys- 
tem. These tools can help the mainte- 
nance programmer. Reverse engineer- 
ing, in particular, aids understanding of 
systems components and functional 
behavior. Reengineering focuses on 
extracting logical models from the cur- 
rent physical system, which then popu- 
late an ICASE repository for develop- 
ment of the replacement system. 

Experience shows that it is labor- 
intensive to extract accurate models of 
the current physical system and modify 
them to conform to the metamodel of 
the target ICASE-tool repository. The 
incomplete linkage between the physical 
system and the logical models of the 
repository requires manual intervention 
and interpretation to complete. Recon- 

:iling the physical representations of the 
existing system with the logical-model 
requirements of the ICASE repository 
may take longer than it would to directly 
change the current system components. 
The key to success in reengineering 
involves gaining control and an under- 
standing of existing systems. This comes 
from improved software-maintenance 
nethods and tools. 

page 124 lists solutions to the problems 
maintenance programmers currently 
face. These programmers have always 
worked at the code level. Although 
methodologists have developed formal 
methods for building new systems, they 
have ignored maintenance. Because it 
involves working at the code level with- 
out formal methods, maintenance 
appears to be difficult to manage and 
control. In fact, the maintenance process 
is straightforward, as shown in Table 1. 
The keys for managing and controlling 
software maintenance are three-fold: Use 
a consistent set of tools, provide a mech- 
anism for storing the programmers’ dis- 
coveries, and formalize the process. 

ORDER FROM CHAOS. The box on 

The ideal maintenance solution 
emphasizes understanding the current 
physical system and facilitating fast and 
accurate changes to it. The proper tools 
can improve maintenance productivity 
by helping the software engineer under- 
stand the current system and make 
changes and fixes more effectively. They 
also prepare the system for redevelop- 
ment. The facilities shown in Table 1 
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Process Steps Maintenance Facilities 

1. Receive a change request 

2. Understand the change request 

3. Plan the change 

4. Figure out the code 

5. Determine change impacts 

6. Make the change 

Change-request manager 

Program/System scanners 
Docummt managtment 

Project management 
Change-request manager 
Impact analyzer 
Progrardsytern scamcr 
Program navigator 
Logic flow tracing 
Mcrrics analyzer 

Program navigator 
Impact analyzer 

J ,anguage menus 
l,anguage environment workbench 

7. Test the change Language environment workbench 
Test management 
Library link manager 

8. Implement the change in new release Release management 
Configuration management 
Library link manager 
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manage and control all system-compo- 
nent and project-level data and the rela- 
tionships between the data. They also 
promote information sharing and reuse 
between the maintenance process steps. 
The core components include process 
management, which ensures that the 
correct procedures are followed and the 
correct tools used; project management, 
which sustains a consistent work-break- 
down structure and communication 
between project-team members; configu- 
ration management, which maintains 
multiple versions, the differences 
between versions, and provides for syn- 
chronization and control of reusable sys- 
tem components between projects; and 
the repository, which stores system com- 
ponents, versions, and changes. The 
maintenance facilities directly address 
and solve the causes of high cost and low 
productivity in software maintenance. 

THOSE WHO CAN’T, MAINTAIN. 
Traditionally, talented programmers 

SIMON FRASER UNIVERSITY 
School of Computing Science 

Applications are invited for two tenure- 
track faculty positions at the 
assistant/associate professor level. A Ph.D. 
in Computing Science (or equivalent) is 
required, with a strong commitment to 
excellence in research and teaching. The 
ideal candidate for the first position will 
have expertise in software engineering, 
with a balance between scholarly work 
and industrial experience in software pro- 
ject management. Terms of contract and 
remuneration are negotiable. The ideal 

have followed their own variation of the 
saying, “Those who can, do; those who 
cannot, teach.” In the case of program- 
mers, though, the less capable have been 

relegated to maintenance tasks while the 
talented have been given the more chal- 
lenging work of developing new sys- 
tems. However, as systems become more 
complex and the technology incorporat- 
ed in them becomes more obscure, the 
need for talented maintenance experts 
grows. Today it is not unusual to find 
the best and most experienced program- 

candidate for the second position will 
have research expertise and preferably 
industrial experience in a systems area, 
such as operating systems, multimedia 
systems, distributed systems or network- 
ing. 

The School of Computing Science has 
30 faculty members and offers Ph.D., 
MSc., and B.Sc. degrees as well as B.Sc. 
degrees in Mathematics and Computing 
and in Business and Computing. The 
School has state-of-the-art computer 
equipment with excellent network sup- 
port, including UNIX and PC labs and an 
experimental ATM network. 

Simon Fraser University is situated on 
top of Burnaby Mountain and serves 
about 18,000 students. Lying just east of 
Vancouver, the site commands magnifi- 
cent views of Burrard Inlet, the North- 
Shore mountains, the Fraser River, and 
Vancouver harbour. The School also has 
links to the downtown Vancouver cam- 
pus. The lower mainland area of British 
Columbia is unioue in Canada for its mild 
climate and varied recreational facilities. 

In accordance with Canadian immigra- 
tion requirements, priority will be given to 
Canadian citizens and permanent resi- 
dents of Canada. Simon Fraser University 
is committed to the principle of equity in 
employment and offers equal employ- 

mers maintaining mission-critical sys- 
tems. They reap many rewards for doing 
so. Well-maintained systems 

+ allow for better working practices, 
which increase job satisfaction; 

+ improve customer service, reduce 
costs, and increase productivity; 

+ bestow prestige on those associated 
with contributing to the organization’s 
success; and 

+ provide for more efficient upgrades 
and a smoother migration path. 

The increasing burden of software 
maintenance requires that we dedicate 
our best programming minds to the 
task. If we must do so, it is only fair that 
we arm them with the best tools avail- 
able and provide them with clear, coher- 
ent software-maintenance procedures. + 

David Sharon is the president of CASE 
Associates, Inc., a j&n that specializes in 
so&are-engineering process quality and 
tool evaluation, selection, and deployment 

j services. 

ment opportunities to qualified applicants. 
Applications will be accepted until the 
position is filled, although a practical cut- 
off date is February 1, 1996. Both posi- 
tions are subject to budgetary authoriza- 
tion. To apply, send a curriculum vitae, 
evidence of research productivity (e.g. 
selected reprints) and industrial experi- 
ence, and names, addresses and phone 
numbers of three referees to: 

Dr. Wo-Shun Luk, Director 
School of Computing Science 

Simon Fraser University 
Burnaby, British Columbia 

Canada, V5A 1 S6 
FAX: (604) 291-5417 

EMAIL: woshun@cs.sfu.ca 
WWW: http://fas.sfu.ca/l/cs 
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INFOTEL CORPORATION 

International software company is look- 
ing to purchase software technoloav or 
products. We specialize in systemr’and 
database software. Will talk about all plat- 
forms but particularly interested in UNIX 
database tools. Contact Rick Morev. 
InfoTel Corp., 15438 N. Florida Ave., Ste 
204, Tampa FL 33613, 800.543.1982, 
Email: 76544.2456@compuserve.com. 

IEEE SOFTWARE 
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Internet programming language. Java 
is a general-purpose language that is object- 
oriented, distributed, interpreted, secure, 
architecture-neutral, portable, multithread- 
ed, and dynamic. Java supports programming 
for the Internet in the form of platform- 
independent Java applets. It uses a simplified 
version of C++ that omits such rarely used 
and confusing features as operator overload- 
ing, multiple inheritance, and extensive auto- 
matic coercions. Object orientation and 
automatic garbage collection make program- 
ming easier. Portability is achieved with a 
Java compiler that generates ANSI C rm- 
time code with a clean, Posix-based portabil- 
ity boundary. This architecture-neutral code 
lets Java applets move freely across the 
diverse platforms of the Internet. Many Web 
browsers and Web publishing systems - 
including Netscape’s Navigator, Macro- 
media’s Shockwave, and Microsoft’s forth- 
coming Blackbird - offer direct or indirect 
support for Java applets. The current beta 
version of Java is available at no cost from 
Sun Microsystems’ Web site at http://java. 
sun.com/starter.html. Contact Sun at (415) 
960-1300; fax (415) 786-7546. 
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Internet browser. Netscape’s Navigator 
2.0 provides Web exploring, e-mail, news- 
groups, chat, and FTP capabilities in an inte- 
grated package. It supports Live Objects and 
other interactive multimedia content such as 
Java applets, frames, and Netscape inline 
plug-ins. Along with several end-user in- 
provements, version 2.0 provides many 
developer enhancements, including frames, 
which provide simpler navigation and 
greater flexibility in Web-site design and let 
developers divide each page into regions; 
Inline Plug-ins, which integrate existing 
technologies such as Apple QuickTime 
movies, Adobe Acrobat documents, and 
Macromedia Director presentations; Java 
applets, powerful and secure interactive 
objects that can enable animation, live updat- 
ing, and two-way interaction; and JavaScript, 
a cross-platform language based on Java that 
extends the programmatic capabilities of 
Netscape Navigator 2.0 to developers of all 
experience levels. Also available is Netscape 
Navigator Gold 2.0, a premium Internet 
client that adds integrated WYSIWYG doc- 
ument creation and publishing capabilities to 
Navigator 2.0’s standard features. Netscape 
Navigator 2.0 costs $49; Navigator Gold 
costs $79. A subscription, which provides a 
year of upgrades and the appropriate version 
if you switch to a new platform, costs $17. 

Contact Netscape at (415) 528-2555; http:// 
home.netscape.com. 
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Internet multimedia integrator. Macro- 
media’s Shockwave lets designers integrate 
into their Web sites interactive multimedia 
presentations created in Director 4.0, which 
adds synchronized graphics, sounds, anima- 
tion, and local interactivity to HTML’s static 
text and graphics. Shockwave is currently 
available as a plug-in for Windows users of 
Netscape Navigator 2.0 Beta 3; versions for 
the Macintosh and other browsers are 
planned. The cnrrent beta version of Shock- 
wave is available for Windows 3.1 and Win- 
dows 95 at no charge by accessing Macro- 
media’s Web site at httpz//www. macrome- 
dia.co&ools/ Shockwave/index. html. 
Director 4.0 retails for $1199. Contact Macro- 
media at (415) 252-2000; fax (415) 626-1502. 

READER SERVICE 92 

Web script Iangnage. htmlscript is 
Volant’s browser-independent language for 
Web servers. Installed as a standard GCI 
application, it provides multiple adminisua- 
tive controls, can be mixed freely with 
HTML in a file, and ensures browser inde- 
pendence by using a preprocessor to convert 
htmlscript tags to HTML code. The tags 
provide the capability to do logic, calcula- 
tions, and file I/O operations. htmlscript is 
available for most Unix and Unix workalike 
systems, with Windows NT and Sun Java 
versions planned. An inuoductory, SOO-user 
license costs $99 and includes a year of free 
updates. Contact Volant at (619) 490-2570; 
fax (619) 490-0548. 
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Visual-language builder. DVCentro is 
a C++ framework for building visual- 
language systems that has been used to cre- 
ate visual-language applications such as dia- 
gram editors, finite-state-machine editors, 
and CASE tools. DV-Centro provides sever- 
al graphics classes, including primitives, ren- 
dering, properties, and transformations; 
graphical-constraint management for graphi- 
cal connectiv;ty -d conta&entj event-ha- 
dling classes for platform-independent de&- 
ition of events, states, and responses that 
define sytsem behavior; mechanisms for 
graphical editing, including n-level undo/ 
redo, copy/cut/paste, and save/restore; rnr- 
time-checking and memory-management 
utilities; and Python bindings to speed devel- 
opment and compile times. Available for 
SunOS, Solaris, and HP-UX platforms, DV- 
Centro pricing starts at $15,000. Contact 
DataViews at (413) 586-4144; fax (413) 5% 
3805. 
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Design automation tool. Statemate 6.0 
lets system engineers build complete exe- 
cutable models of a real-time system - even 
before the hardware and software have been 
partitioned - to validate its behavior and 
fnntionality. Designers use Statemate 6.0’s 
Statechart state diagrams to create an exe- 
cutable specification, a virtual prototype 
whose specifications can be changed on-the- 
fly. Dynamic tests can be applied to complex 
systems, letting users check for deadlocks, 
racing conditions, and nondeterministic 
behavior. Once the graphical model is 
designed and validated, Statemate automati- 
cally generates the complete code, in either 
C or Ada, to represent the system model, 
fully preserving its behavior. Statemate 6.0 is 
available for SnnOS, Solaris, HP-UX, IBM, 
AIX, and Digital VAX&MS workstations. 
Cost per seat starts at $2S,OOO. Contact i- 
Logix at (508) 682-2100; fax (508) 682-5995. 
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Change-request management system. 
Atria’s ClearTrack is a customizable 
client/server change-request management 
system. ClearTrack lets teams record change 
requests, track their evolving statns, and 
obtain metrics using its query and reporting 
facilities. Its features include predefined 
states and transitions and queries and 
reports, e-mail integration, and a GUI 
ClearTrack’s explanatory change-request 
attachments include sample output, core 
dumps, and bit maps. It also integrates with 
Atria’s ClearCase software-configuration 
management system. ClearTrack is available 
for several Unix platforms, including SunOS, 
Solaris, HP-UX, and SGI IBIX. Support for 
Windows NT, Windows 95, and other Unix 
platforms is planned. A first single-user 
ClearTrack license costs $79S; bundled with 
ClearCase, it costs $4,595. Contact Atria at 
(617) 676-2400; fax (617) 676-2550. 
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Windows automated test suite. SQA 
Suite for Windows 95 and Windows NT 
provides integrated testing for enterprise 
client/server applications developed for those 
two operating systems. The 32-bit imple- 
mentation’s user interface has a Windows 95 
“look and feel” and installation style, has the 
same functionality as other versions of SQA 
Suite 4.0, and adds evolutionary extensions 
to SQA’s Object Testing technology. The 
suite also helps users migrate 16-bit Win- 
dows 3.1/3.11 applications to 32.bit Win- 
dows 95 and Windows NT versions. SQA 
Suite for Windows 95 and NT sells for 
$2995; pricing for the five-agent client/serv- 
er version starts at $12,395. Contact SQA at 
(617) 932-0110; fax (617) 932-3280. 
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