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- tude. “The more people you toss at a problem, the -
tant from the process forever; so the problems are. [/

- cess, said Suzanne Garcia, a software=quality engi- - |

- management “to be responsible for the process.” 4

total quality management, where each member of

. Space Administration’s Jet Propulsion Laboratory.

‘. portant, agreed debaters at the National Debate on :
Achieving Software Quality, but they disagreed on:
‘fundamental issues on how to do so. The eight de- |:
- bates, sponsored by the Society for Software Qual- |
ity, were held Jan. 30-Feb. 1 in San Diego and drew |
about 100 people, mamly from the defense mdusu'y

SHOUI.D SQA BE INDH’ENDENT" One of the more.,
conn'oversml propositions was that independent |:
software quality-assurance organizations are unnec--
essary. Opponents of independent SQA argued that - 3
this approach wastes resources, drives up costs; and .
fosters a oounterproducnve us versus them” atti- .

less responsxblhty each takes,” argued Nick Stewart,
a software engineer at Rockwell International.
Worse, he said, independence means “you are dis- -

going to be repeated in the next project.”;
© _An experiment at Lockheed ‘where;: SQA was-
made partof the development team has shown sucs:.

neer there who is part of the experiment;:“T. have: |:
developers asking to learn about quality assurance

~— that never happened when I was;in: the. SQA. |,
organization,” she said. Integrating SQA. with de- -
velopment forces developers to “take back responsi~ |:
bility for the product,” Garda.said, and. requires:”

Stewart and Garcia advocated the philosophyot' g

the team is responsible for assuring quality. .1 G5
Other ills attributed to independence are that:
these organizations tend to be staffed with less expe-
rienced people and that senior management usually
backs the development organization over the ob)ec-
tions of the SQA staff, Garciasaid. - . ¢
_“Independence lets you see the forest for the
trees,” answered Marilyn Bush, a systems and soft-
ware engineer at the US National Aeronautics and

“You need a group not colored by the heat of battle.
You need an independent group to shake that com-
placency,” she said. Bush described the success of
independent SQA in NASA’s space-shuttle software
effort, which had an unusually low rate of 0.11 errors
per thousand lines of noncomment source code. .
She disagreed that independence necessarily re-

ks DOI USlm ADA HEIP" The Ada language and its

HOW 'I'O ASSURE ,fQUAI.I'I'Y‘_;‘
DEBATE SHOWS DIVISIONS

'ACHIEVING SOF I WARE QUALITY IS IM—r

L -1

sulted inan adversanal relatio
opmentteam.’[fhekeyls to getin before the proj- |
;ect begins and work with managets and developers
throughout the life of the project,” ‘Bush said.

-“We're looking at a team approach,” echoed Taz | -

'Daughtrey, a software-quality specialistin Babcock |
- & Wilcox’s mudlear-power division. He compared

174} independent SQA to a sports team’s coaching staff:

-“There is no coach in charge of winning. SQAisa |
team player with special responsibility for applying |
. quality principles.” Bush also argued that indepen- |
? dent SQA and total quality management are com-
plementary, notexclusive. :
Acnngaspartoftheteamestabhshesdle SQA
L staff’s. n'ustworrluness, while being independent
i gives the company récourse when a quality problem
1-cannot be.resolved between the development and
SQA staffs,. Bush said. “If SQA’s role is second-
guessing, ‘itis'not being managed properly,”
‘cDaughn'eywd, “and in the extreme cases, the abil-
ity to blow the whistle is valuable.” f management |
. ignores.the warning, there is at least a record- of
objectionfor later historical or legal use, he said. “# |t
£ 7.0 to: the: cost of indepéndent SQA, Bush smd
 that NASAand US Defense Dept. statistics showed
, thatit costs $100 to find and fix an operational error
earlym development but $10,000 or mare latein the
:life cycle, so finding only eight defects early would |/
. pay for.the salary and overhead for one SQA staff |
- member. NASA estimates that establishing inde- {
pmdent SQA savedJPL $7 5 million, she said. i!,f‘
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| development environment give developers of large
: systems the:tools needed to productively “develop
- software and maintain it at a specified quality level,”

said Mark Déwson, a software scientist at Software

it Desxgn&Analyms Ada offers four main benefits:

- #Clarity. Ada code is almost self-documenting,
and its constructs support darity. While a. disci-
.. plined use of the language is essenual,” dm-e are
- tools to help enforce this. i % it
-+ % Quality. Ada removes programmers ﬁ'eedom
tomakecermmlandsofcommonerrors, and its use
of strong typing, data abstraction, exception han-
dling, modularity, and concurrency all help devel-
opers make robust software. . #
- & Reuse. Ada’s supportofreusels apowerful
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way to reduce costs.”
¢ Separation of concerns. Ada lets devel-

opers partition the design and codingefforts:

so team members can concentrate on their
sections and compile them separately.

“Ifsomething sounds too good to be truie;
it probably is,” countered Randy Jensen, .

chief scientist of the software technology lab |

at Hughes Aircraft Ground Systétis Group. |

“There s little proof that Ada has improved
producuwty, hesaid. He cited a March 1989
study by the US General Accounting Office |
that showed that the Defense Dept. had not _
kept Sufficient records to'show Ada’s effects
on productivity. The GAO tried to find 100
Ada-based projects for its report but found

only 13. Of those, only three had been com-

pleted, and two of those were study products.
Jensen dismissed any claims of improved -
productivity based on counting lines of code
because Ada has a 5:1 ratio of comments to
code compared to 2:1 for Fortran, according -
to 2 NASA study. ‘That NASA study, Jensen |
said, showed programmers using Fortran to
be more productive than those using Ada
‘when counting the number 6f noncomment
statements produced rather than noncom-
ment lines, Jensen said. Ada’s lower produc-
tivity continued even after- developers had
done several projects in the language, e said.
Jensen said the advantages Dowson cited
were not Ada-specific. “C and C++ are used
" most in industry, where productivity counts.
They support reuse and object orientation.
Their development facilities compare to or
surpass Ada’s. The existing tool sets for C, Pas-
cal, and even Cobol surpass Ada’s,” he said.
- The suuctured techniques and develop-
ment methods in' Ada are independent of

Ada, Jensen said, and can be used in other
languages. The real key to improved produc-
tivity, he said, is to get developers to use such
techniques whatever language they use. Less
than 15 percent of the software industry uses
structured programming, which has been

- around since the mid-1960s, he sa1d, and less

than 3 percent uses structured design, struc-
tured analysis, or object orientation. %!
‘Ada’s complexity is a reason to avoid

v usfng it, argued Dave Thomas, president of
"Ob]ect Technology and a computer-science
! ‘proﬁmor at Carleton Umvers1ty “There are
:20, ways to write the same thing in Ada,” he

'said; “There’s a huge amount of syntacuc

b_aggage even for simple apphmuons.
‘j'wl'homas also criticized the strengths
Dowson cited. Because Ada is objeci-based

‘rather than object-oriented, it straddles the
line between procedural and object-oriented

language, requiring mechanical translation,

- hesaid. “Strongtypmglsharmﬁﬂ Itprovides
“a false sense of security [bemuse] first-year
" stadents make type errors, not professional

’,.programmers,” Thomas said. And strong
typmg reduces reuse “because you need to
" instantiate each type used, ” which also inhib-

' Tlts incremental evolution, he said.

"The problems Jensen and Thomas cited
were real — of Ada of the past, countered
Glenn Hughes 11, manager of government
program operations at Rational and former

‘official at the Defense Dept.’s Ada Joint Pro-

gram Office. He cited the work of the Swe-
dish firm Bofors Electronics in developing an
mtegraned command and weapons-control
system for ships. That work was oomp]eted
after the GAO study was done. ‘i i 5!

4 Bofors designed reuse in ﬁ'om the begin-
ning — “note the use of the word ‘design’ ”

‘| =&for:its 1.5-million-line system and'then

adapted this base system for six other types of
ships in subsequent contracts, Hughes said.
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Bofors estimated that it reused six times as
much code in the Ada-based ship system than
it had in previous systems written in RPG 2
and that system integration took half the time.

“Coding in Ada does not make a differ-
ence,” Hughes said, “Ada facilitates pro-
gramming with modern software-develop-
ment techniques, which leads to significant
productivity improvements.”

WHAT IS TESTING'S ROLE? In defending the
proposition that testing is the best way to
detect and remove defects, Bill Howden, a
computer-science professor at the University
of California at San Diego, argued that “test-
mg is not just looking at I/O.” Instead, testing

“compares expected versus
actual behavior — via run-
time execution, prototyping,
tracing, étc. — during the

whole process: specifica- e embedded—technology of-
tion, design, and coding.” mgefher ﬂnd ~ﬁce at.the US Naval Weap-
Michael F: - . Center. “Ex 30 to
sultant \:ho d::%zlopi; (;hl- enhﬂnced over hme TO ;--:I)(I;s per:ntlmpro'?e:lentm
speI;ul;Zn teChmq;z when (]dd fhe fun(_‘nons fh(]f . cost gix;ot;r re:ixse isi not
at countered that “itis Jo : - -+ .- ‘enough,” he sai v
not feasible to test software ShOUId huve been =r=}Although. the propo-
completely. But we can —  thera ipy the first pluce + nems of eus offeed o
we do — inspect require- +.data to support their thesis :
ments, design, and code F ﬂgﬂn Smd that reuse lowers' develop-

completely. Test cases are

like throwmg darts. The

question is the practicality, not the possxbll~
ity, of complete testing.” Also, testing “costs
more and lets through more defects” than
inspections; he said, because “ testing finds
faults, notdefects.” Once the faults are found,
the cause must be identified, fixed, inte-
grated, and retested. “Because i inspections
identify defects directly, repair is simpler and
costs less,” Fagan said.

“You can test exhaustively for some appli-
cations, like finite-state machines,” reburted
Richard DeMillo, director of the Software
Engineering Research Center at Purdue
University. For other applications, “there are
Iany methods for shrinking the space of faults,
of likely inputs to something manageable.”

“Iesting will rarely find potential dead-
locks in concurrent systems, failure to meet
runtime deadlines, and failure to terminate,”
argued John Knight, a computer-science pro-
fessor at the University of Virginia. Most im-
- portant, hesaid, is “how do you know what tests
to make and whether the output is correct?”

All four debaters agreed that testing has a

_
A prototype is cobbled

vahuable role. “’I‘estmgls an essential phasein
developmentaspart of an overall approach to
verification. It is a verification techmque, not
a debugglng techmque,” nght sa1d

IS REUSE PRACI'I(A[? Although reuse —
whether of code, design, specﬁmuons, or
tests — is an admirable goal, “in the real
world, several things stop us from doing
reuse,” said Gary Sheinfeld, head of inter-
operability for the AWACS radar-system air-
craft program at the US Air Force’s Elec-
tronics Systems Division. Those roadblocks
include Hability, ownershlp, “procurement
regulations, the notmventedhere atutude,
and not knowing what is available for reuse.

“The cost of reusing

P ar'.»,_,maybemoredmndevelop-

Jay Crawford, head of the

~'ment costs, they argued

-dlatreusewasgoodprac-'

tice. “Econonucs dictate that a software con-
tractor is going to try to ‘avoid: building all
software from scratch,” ‘said Gordon Ander-
son, a lead engineer for the: Tower Operator
Trackmg System atLoglcon. L

8 PROTOTYPING GOOD PRACI'ICE’-’ “There-
ality is that you iterate. All engineering disci-
plines work this way,” said Edward Miller,
technical director of Software: Resmrch, in
argumgthatsoftwareneedsnoevolveasa
series of prototypes. “Building it right the first
time from first principlesis a fantasy,” he said.

“Prototyping is often used as an excuse
for poor practice,” countered Sam Redwme,
assistant to the president at the Software Pro-
ductivity Consortium, Other techniques —
including market research, requirements
analysis, performance engineering, manage-

ment by customer as leader or by strategic

alliance, and human engineering—aremore
effective, he said. Consultant, Fagan was

more blunt in his attack on prototyping, call- .

ing it “the dreaded H word: hacking.”

N prototype is a solution looklng

+ing fromscratch,”, added

. 1mpormnt aspect of practicing any merhod
. | ology, debaters agreed that choosing th
~most appropriate method was the most criti:

‘nents said it meant disciplined practice. i

fense Dept. software unnecessarily reqmred

g .essary. Ben Scheff of Raytheon argued that
the- real ‘problem was that engineers were
.domgdocumenmtlon, md1erthandocumen

‘that DoD-Std-2167A encourages contrac-

‘may fear suspicion from the contracting

figuration-controlled immediately upon suc-

problem. It’s cobbled together and enhani
over time to add the functions that sho;
have been there in the first place,” Fagan sa

- Miller countered the hacking charge:
advomnng that prototyping be base:
sound engineering practice, such as require,
ments analysis, Fagan and Redwine cony
that prototyping is appropriate if engineer
for oonceptvahdauon for competitive blds

- But “people aren’t smart enough to ¢
Velop complex systems without evolutiona
development,” said Bill Rotzheim, a sem
associate at Booz, Allen & Hamﬂton. vt

 :Another reason to prototype is the “i
1ty of funding,” Rotzheim said, “You need
show something every year or quarter that

useful. Also, requirements change. Functio
should be delivered mcremenmlly unil th

customer says he has all he wants.”

;'OTHER AREAS. The other three debates‘
were less controversial: .
:1¢ In debating whether ngor is the m

cal factor But the debaters disagreed on how
ngorously the chosen methodology shoul
be followed, apparendy because of disagree
ment on what “rigor” means. Opponen
clmmed it meant slavish execution, propo- -

too much documentation agreed that the *
level required was higher but was not unnec. *

tation. specialists. Allan Ott of Logicon ar-
gued that developers frequendy overdocu-
mented their software, apparently unaware

tors to tailor the documentation for each
project. He aéknowledged that contractors

agency- that the tailoring is an attempt to
avoid requirements. e %

=4 The four panelists debaung whether
software under development should be con-

cessful completion of unit test agreed that
configuration control should be part of the
entire development effort and not be intro-
duced only at unit test. *
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