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ABSTRACT

In the absence of a well-defined devel opnent process and a set of
objective nmetrics, subjective data can be used to assess the
quality of a software release. This assessnment can identify and
characterize devel opnent risk, focus testing and validation
efforts, and indicate where and how process managenent shoul d be
i mproved. The OpenVMS Engi neering organi zati on has devel oped a
guestionnaire, a set of quality indicators, and a data reduction
nmet hodol ogy that inplenment such an assessnent. This assessnent
approach is flexible and can be applied generally to the

measur enent of software quality during the evolution of a
repeat abl e devel opnent process.

| NTRODUCTI ON

Porting the OpenVMs operating systemfromthe VAX to the Al pha
AXP architecture was a trenmendous technical challenge for the
OpenVMS Engi neering organi zation. Part of this challenge was to
achi eve the high degree of quality that custoners expect of the
OpenVMs system and woul d require before migrating their

m ssion-critical OpenVMS applications and operations to a new
har dwar e pl atform

To assure that this quality challenge was nmet before rel easing
the product, the engineers involved in the port needed to answer
the intuitive question, How will we know that it's right? The
qual ity assessnent approach described in this paper was an
integral part of the answer. Follow ng an overview of the quality
chal l enge and the assessnent franmework, the paper describes the
quality indicators and assessnment process used to nmeasure
software quality during the devel opnent of OpenVMS AXP versions
1.0 and 1.5.

QUALI TY CHALLENGE

OpenVMS Engi neering consi dered schedul e, functionality, and
quality all to be critical factors in successfully porting the
OpenVMS systemto the Al pha AXP platform Although both
aggressive and conpl ex, the port had several characteristics that
favored its success:

o] An established product with well-defined capabilities



o] Carefully controll ed source code and build procedures for
the system

o] A very experienced devel opment team

o] A consi stent project managenent system for managi ng
progress agai nst the schedul e

What the port |acked was a uniform devel opnent process with a
conprehensi ve set of objective nmetrics for neasuring software
quality. As the project progressed, engineers were added when
their expertise becane needed. But with the engi neers cane a
vari ety of engineering processes. Gven the size and conplexity
of just the initial release of the OpenVMS AXP system this |ack
of process consistency represented a significant deficiency.

The version 1.0 devel opment effort kept to a demandi ng schedul e
spanni ng nore than two years. During that time, nore than 170
engi neers made approxi mately 68,000 separate nodifications or
additions to the source code in order to port, build, and test
the OpenVMS AXP system These nodifications were integrated and
tested in stages with weekly software builds that resulted in
roughly 1,200 system base levels. At its release for custoner

shi pment, the base system of OpenVMS AXP version 1.0 conprised an
estimted 3,045,000 |ines of noncomrent source statements. Yet,
the existing nmetrics for neasuring software quality were limted
primarily to weekly statistics on increnental test hours, source
code nodifications, and problemreports.

QUALI TY ASSESSMENT FRAMEWORK

Despite its dearth of software metrics for the initial rel ease,
OpenVMS Engi neering had the followi ng clear goals for the quality
of its version 1.0 and version 1.5 rel eases on the Al pha AXP

pl at f orm

o] Correctness goals, which focused on conpleting al
critical functionality

o] Reliability goals, which focused on mninizing defect
i ntroduction, stabilizing the code base, resolving al
significant defects, and neeting availability targets

o] Per f ormance goal s, which focused on neeting SPECrark and
TPC Benchmark A (TPC-A) projections

o] M gration goals, which focused on supporting easy and
reliable application porting or execution of translated
i mges

o] Usability goals, which focused on providing reliable
systeminstallation, docunentation, and tuning



gui del i nes

o] Mai nt ai nabil ity goals, which focused on supporting easy
probl em di agnosi s

Measuri ng progress against these goals with objective data woul d
have requi red OpenVMS Engi neering to define appropriate netrics,

i ntegrate procedures for collecting netric data into the existing
devel opnent process, and accurnul ate sufficient data to validate
the coll ection procedures and establish baselines. The aggressive
OpenVMsS AXP devel opment schedul e made this approach inpracticable
for version 1.0.

As an alternative, OpenVMS Engi neering devel oped an approach for
assessing release quality based on subjective data. This approach
built on the organization's historic reliance on the technica
expertise of its engineering teans for assuring quality. At the
same time, the approach laid the foundation for defining a
practical set of quantitative netrics guided by experiences with
the subjective data. Over tinme, OpenVMS Engi neering can inplenment
these netrics as part of its Continuous |nprovenent effort for

t he OpenVMS devel oprment process.

QUALI TY ASSESSMENT | NDI CATORS

Seven quality indicators provide the framework for the process of
assessing quality in the OpenVMS AXP operating system Each
indicator is intended to show the presence or absence of a

meani ngful characteristic of software quality. These indicators
correspond to seven sets of data provided by projects that
constitute a particular software release. Table 1 lists these

i ndicators together with a summary of the subjective data and
objective nmetrics over which the indicators are defined. The
tabl e al so shows the significance of each indicator with respect
to the quality assessnment process. This section presents a nore
detail ed di scussion of the data sets that define the indicators
and the information that these indicators provide.

Table 1 Summary of Quality Assessment Indicators

Quality Indicator Si gni ficance Subj ective Data bj ective
Metrics
Explicit Statement Judgnment from engi neer- | nplenentation Sour ce code
ing teamthat rel ease quality; out- change rate
requi renents are net standi ng ri sks; probl em report
conpl et eness rate

El ement Expertise More accuracy in quality Experience with
judgments; less likeli- OpenVMs and with
hood of introducing proj ect el enents



Ease

Techni ca

Process Consi stency

Engi neered Changes

Met hodi ca

Testing

Def ect Detection

Explicit Statenent

A project

def ects

Less susceptibility to

defect introduction;
| ess need for el enent
expertise

Less quality variation
wi thin and across
devel opnent phases

Better defect preven-
tion; less reliance on
nmet hodi cal testing

Better defect detection;
| ess reliance on wel |l -
engi neered changes

I ndi cat es progress where
change and testing pro-
cesses are strong; indi-
cates risk where they
are weak

Quality require- Structura
ments; portabi- conpl exity
lity; maintaina-

bility

Coherence of

requi renents,

desi gn, reviews,

and testing

Use of specifica-

tions and inspec-

tions in devel op-

ment

Testing effort,

regul arity,

variety, and code

cover age

Percent of detec- Defect counts

ted defects being
| ogged; percent

of | ogged problens
t hat descri be

def ects

nost clearly indicates quality through explicitly

stated judgnments fromthe engineering teamthat the software

el enent s

0] Possess al

o] Currently pose little technica

o] Embody equa

pl anned functionality
risk

or superior

to the rel ease

i mpl ementation on the Al pha AXP

pl atform as conpared to the VAX platform

o] Meet the project's criteria for

Because it
explicit statenent

El ement Expertise

The accuracy of a subjective neasure of quality is a function

nost fully reflects a project's overal
is the nost

i mport ant

i ndi cat or

rel ease readi ness

quality,
of quality.

of

a teanls expertise regarding the inplenmentation of their



project's el enents. Mreover, |ack of expertise nay indicate a
hi gher |ikelihood of introducing defects during inplenentation
Such expertise is based on the teanls know edge of how the
project's elenents were inplenmented and behaved on the VAX
platform The expertise is bounded by areas where a team
perceives difficulty in working with the elenents on the Al pha
AXP platform A project indicates high el ement expertise when it
i nvol ves engi neers who

o] Have significant experience with the OpenVMsS system

o] Are already famliar with the elenments involved in the
proj ect

o] Encounter little technical difficulty in nodifying
proj ect el enents

Techni cal Ease

Project elenents that are technically easier to maintain are al so
| ess vulnerable to the introduction of defects during changes.
The | ess el enent expertise possessed by the project team the
nore significant technical ease becones as an indicator of
quality. A project indicates technical ease if the teamjudges
that their project has

o] Arelatively low priority on technical quality
o] Sinple functionality, code, and data structures

o] Little vulnerability to instruction atomicity or nmenory
granul arity problens

Process Consi stency

The useful ness of a process-related indicator of project quality
depends on the consistency of the software devel opnment process
that a project team enploys. This consistency enconpasses the
team s understanding as well as their inplenentation of good

sof tware engi neering process. A project indicates process

consi stency when software delivery involves

o] Rating product suitability based on a good understandi ng
of customer expectations

o] Renovi ng techni cal and operating risks as a precursor to
rel ease readi ness

o] Defining an effective devel opnment process based on
requi renents, design, specification, inspection, and
testing



o] Using tests with good code coverage for nethodica
testing

o] Revi ewi ng or inspecting the code devel oped in one-person
proj ects

Engi neered Changes

Careful engineering of changes to a project's source code can
catch defects before its elenents are integrated into a running
system A project indicates the quality of code ports,

nodi fications, fixes, or additions through the extent of

o] Expendi tures of engineering resources on design
o] Functi onal or design specification conpleteness

o] I nspections or reviews of code changes

Met hodi cal Testing

Regul ar and deli berate ad hoc, regression, and stress testing is
needed to find the defects introduced into a project's elenents
t hrough additions or nodifications to its source code. The |ess
effectively a team engi neers changes to the el enents to prevent
defects, the nore significant testing becomes as an indicator of
quality. Methodical testing of a project's elenments is indicated
where tests

o] Run each week and on each software base | eve
o] I nvol ve ad hoc, regression, and stress tests

o] Cover a significant portion of main program code and
error-handling code

o] Use a significant portion of a project's tota
engi neering resources

Def ect Detection

When conpared agai nst the nunber of defects detected in prior

rel eases, the nunber detected within a project's elenents for the
current release provides an indication of its current quality. A
low ratio of the current defect count to the past defect count
may i ndicate either an inproved devel opment process or inadequate
detection; a high ratio may indicate the reverse. The nore
effectively a team engi neers changes to an el ement and perforns
the element's tests, the nore reliable the defect detection

i ndi cat or becones as a neasure of quality.



Def ect counts are available fromthe defect tracking system
however, defects that are readily resolved are frequently not

| ogged. Therefore, defect counts across a rel ease are nornualized
by havi ng project engineers estimte the percentage of defects
identified during inspections, debugging, and testing that they
actually log in the defect tracking system

QUALI TY ASSESSMENT PROCESS

The assessnent process applies these quality indicators to data
gathered primarily through a questionnaire, which is administered
to a subset of the projects included in a software rel ease.
Applying the quality indicators to questionnaire data yields a
set of quality profiles. The useful ness of these profiles for
assessing quality depends both on the accuracy of the data and on
the ability of the targeted projects to represent the quality of
the overall release. This section describes the quality
assessment process in terns of our experiences across two

rel eases of the OpenVMS AXP system versions 1.0 and 1.5.

Sel ect Assessnent Targets

The assessnent process begins by selecting a set of projects
within the software release to serve as targets for neasuring the
release's quality. We made this selection for a particul ar
OpenVMsS AXP rel ease by ranking the projects based on the

foll owi ng factors:

o] The functional areas where the project nanager believed
quality was critically inportant to the success of the
rel ease

o] Whet her a project provided latent, limted, or ful
support of ported or new functionality for the rel ease

o] The nunber of problemreports filed in prior releases
agai nst the el ements of the project

Because the version 1.0 devel opment effort was quite |arge, we
focused the assessnent on 57 projects, which constituted the top
17 percent of the resulting ranked list. Those projects accounted
for 74 percent of the total source code involved in the rel ease.
Because the version 1.5 devel opnent effort was smaller, we
targeted only 38 projects and yet enconpassed nore of those
projects that dictated the release's quality.

Admi ni ster an Assessnent Questionnaire

The assessnent process uses a questionnaire to neasure the
quality of the targeted projects. Because all answers to the



gquestionnaire are assuned to be subjective, its effectiveness
relies nore on the conpl eteness of the responses than on their
accuracy. Wth this in mnd, we designed the question set for
each OpenVMS AXP rel ease to be large and varied, yet easy to
answer.

For the version 1.5 release, 29 questions, sonme nultipart,

provi ded 75 data val ues for each project. The version 1.0
questionnaire was slightly snmaller. Mst questions could be
answered by indicating on a graduated scal e either a percentage
value or a qualitative judgnent (such as easy versus hard, or |ow
versus high). Typically, respondents were able to conplete the
version 1.5 questionnaire in | ess than 15 m nutes.

Figure 1 shows the steps involved in deriving an individua
quality score and a conposite quality score using a
guestionnaire. The three questions fromthe OpenVMsS AXP version
1.5 questionnaire illustrated in Step 1 of the figure formthe
guestion set that provides the data for assessing el enent
expertise. The exanpl e shows the questions as conpleted for
Proj ect _20.

To mitigate bias and uncover inconsistency within the
guestionnaire data, we selected a broad range of questions that
measured progress against quality goals fromthree perspectives:

o] A process perspective, which covered design,
speci fication, coding, inspection, and testing. These
process el enents were neasured with respect to project
resource expenditures and product el ement coverage.

o] A product perspective, which covered el enent size,
conpl exity, technical risks, inplenmentation quality,
conpl eteness, rel ease readiness, and suitability relative
to custonmer expectations.

o] A project perspective, which covered priorities,
difficulty, team size, and engi neering experience.

For both rel eases of the OpenVMs AXP system participation in the
assessnment survey was high. Mire than 90 percent of the project
teans returned questionnaires with an average of nore than 90
percent of the questions answered.

Apply the Quality Indicators

The purpose of applying quality indicators to questionnaire
responses is to convert qualitative judgnents into quantitative
measures of quality. To facilitate database entry and
quantitative analysis, we first normalized the questionnaire
responses, using a scale of 0 to 10, where 10 generally
represented greater contribution to product quality. Nuneric
answers were entered directly into the database wi thout scaling;



unanswer ed questions were assigned the value of -1.

G ven this scale, responses of 3 or less represented | ow (weak)
assessnments and responses of 7 or nore represented high (strong)
assessnments. A response of 5 represented an inplicit norm anong
the devel opnent teans for what constituted an acceptabl e process,
product, or project. Al assessnments were interpreted in |ight of
how this normrelated to organi zati onal goals or prevailing

i ndustry practices.

Step 2 of Figure 1 shows the nornalized and averaged data used to
assess el ement expertise for Project_20 and also for Project_36.
Not e that dividing by 10 normalized the responses to questions 2
and 3. For question 4, the five gradations fromeasy to hard were
normal i zed by mapping themonto the values 0, 3, 5, 7, and 10.
Easy conpletion with respect to technical difficulties indicated
greater el enent expertise and hence received the higher val ue.
Averagi ng the nornalized data across the question set yielded the
el enment expertise quality score for each of the two projects.
Note that for the process consistency indicator, this averagi ng
occurs not over the sumof all responses in the question set but
over the differences between pairs of responses that should be
close in value to be consistent. The resulting average is then
subtracted from 10. For exanple, a project that rates its ability
to nmeet customer expectations as 9 but its understandi ng of those
expectations as 5 would score 10 - (9 - 5) or 6 with respect to
this pair of responses.

The nean value of all quality scores for a particular indicator
reveal s the engineering teanm s collective perception of how
strong the overall release is with respect to the group norm for
that indicator. Ranking the quality scores and then graphing them
as variances fromthis nean facilitates Pareto analysis of the
projects by indicator. This analysis reveals those projects with
a particularly strong or weak score for a specific indicator

Figures 2 and 3 show the quality scores for elenment expertise and
techni cal ease that we derived for OpenVMS AXP version 1.5. These
figures suggest a relatively high perception across the projects
of overall elenment expertise contrasted by a | ower and nore

vari ed perception of technical ease. Pareto analysis of these

di stributions highlights projects such as Project_36, whose
quality scores were high for both indicators, and Project_ 20,
whose scores were both | ow.

Synt hesi ze Quality Profiles

Because our derivation of the indicators was based on engi neering
experience rather than on statistical nodeling, no single
indicator is a reliable predictor of overall project quality.

Mor eover, because the quality indicators are based on inexact
data, the application of a particular quality indicator my be

i nconclusive with respect to some projects. To overcone these



obstacles to conparative assessnment of project quality, we
synthesi zed quality profiles using a conposite of the quality
scores for each project.

Repeating Step 2 of Figure 1 using the responses to other
guestion sets yields nornmalized scores for each quality

i ndicator. The table presented in Step 3 shows the quality
profiles for Project_20 and Project_36. Also shown is the quality
profile arrived at by averaging the quality scores across all the
targeted projects in the version 1.5 rel ease.

Figure 4 depicts the quality profiles of the projects targeted
for OpenVMS AXP version 1.5. These conposites use six of the
seven quality indicators. Due to insufficient questionnaire data
regardi ng defect detection and renmoval, the corresponding

i ndi cator was not enployed in the assessnent. Consequently, the
i dentification of error-prone nodul es and the assessnent of
defect renoval efficiency occurred separately within the ongoing
verification efforts for that rel ease

To reflect the relative capacity of each indicator to

i ndependent |y provide nmeani ngful infornmation about project
quality, we formed the conposites by weighting the individua
quality scores as foll ows:

o] Explicit statenment has a weighting factor of 3.

o] Met hodi cal testing, engineered changes, and el enent
expertise have wei ghting factors of 2.

o] Techni cal ease and process consi stency have a wei ghting
factor of 1.

Thi s wei ghti ng was based on OpenVMS Engi neeri ng experience and
reflects relative contribution to the assurance of quality within
the current devel opnent process. Because field data regarding the
actual quality of the rel eased product was unavail able during the
assessnment effort, statistical analysis of the questionnaire data
was i nconcl usive.

Using this weighting, the resulting maxi mum score across all six
indicators totaled 110. To make the range of values for the
conposite quality profiles nore intuitive, we further scaled this
aggregate by 0.91 (100 divided by 110) so that the nmaxi num
totaled 100. Miultiplying the individual scores by the weighting
and scaling factors yielded the second set of scores shown in
Step 3 of Figure 1. For reference, an indicator conposite that
consi sts of the maxi mum possi ble scores for these weighted and
scal ed i ndicators appears at the bottomof Figure 4. A sinmilar
conposite profile of the average project scores for the rel ease
al so appears.

Interpret the Quality Profiles



Clustering the projects according to their conposite quality
profiles highlights relative product quality, project risk, and
process deficiencies. For OpenVMS AXP version 1.5, we identified
nine groups of quality profiles with simlar distinguishing
characteristics relative to the average profile. In Figure 4,
braces delimt these groups.

The average conposite score for the targeted projects in the
version 1.5 rel ease was 55 out of 100, with 76 percent of the
projects scoring in the range of 45 to 65. Only Project_29 scored
at or above the average for each indicator; only Project 33 and
Project_38 scored at or above the norm for each. Consequently,
nost projects fell within the Needs Ongoi ng Validation regi on of
Figure 4. Scoring in this region indicated that a project

requi red sone formof validation work to inprove quality prior to
beta testing and custormer shipnent of the rel ease.

In several instances, the questionnaire data was sufficiently
scant or the quality issues sufficiently nunerous to suggest that
additional data on a project's actual condition was needed before
conpleting that project's quality assessment. Because a val ue of
-1 was assigned to each unanswered question, projects for which
such a val ue was assigned generally exhibited | ow indicator
conposites as depicted in Figure 4 by the bars ending in the
Needs Further |nvestigation region. Project_01 and Project_09 are
exanpl es of projects in this category.

If the quality indicators were sufficiently strong, little
further assessnent or validation work appeared to be needed.
Projects that exhibited high indicator conposites are depicted by
bars ending in the Needs Final Confirmation region. Only

Project 33, Project_36, Project_37, and Project_38 fell into this
cat egory.

QUALI TY ASSESSMENT RESULTS

Taken together, the conposite quality profiles, the quality

i ndi cator distributions, and the project questionnaire data form
an assessnent continuumwi thin which to measure progress agai nst
quality goals. From a rel ease perspective, the conposite quality
profiles and the indicator distributions identify process
deficiencies. They al so characterize areas of risk for the
product. From a project perspective, a conparison of quality
profiles and scores focuses ongoing verification efforts where
they can have the greatest inpact on the overall quality of a
rel ease. The questionnaire data itself can help determ ne the
formthis verification work takes. The results fromthe
assessnment of data obtained fromthe al pha test of OpenVMs AXP
version 1.5 illustrate these neasurenent perspectives.

Identification of Rel ease Deficiencies



The projects that nade up the version 1.5 rel ease were known to
have a widely varying and typically inconplete process for

engi neering changes in their code base. Fromthe quality
assessnment admi ni stered when al pha testing began, we clarified
the foll owi ng deficiencies in the process and product for that
rel ease so that steps could be taken to ensure that the rel ease
was ready for custoner shipnent:

o] Si xteen percent of the projects had significant risk due
to outstandi ng dependenci es, unresol ved technica
probl ems, or operational instabilities.

o] Al t hough 76 percent of the project teanms rated their
techni cal capacity as high, 71 percent reported having
significant difficulty conpleting the project due to
schedul e, equi pment, or personnel constraints.

o] Ad hoc, regression, and stress tests were regularly
executed on the code of 34 percent of the projects.

o] Fifty-five percent of the projects had sonme portion of
their code inplenentation described by a functional or
desi gn specification.

o] Thirty-seven percent of the projects were handl ed by just
one engineer. O these 14 projects, 5 had above-average
technical difficulty and 5 expended no engi neering
resources on reviews or inspections.

o] Twenty-six percent of the projects |acked a strong
under st andi ng of customer expectations agai nst which to
eval uate product attributes.

o] Code reviews across the projects averaged only 30 percent
coverage of ported source code, 40 percent coverage of
rewitten or added source code, and 60 percent coverage
of source code fixes.

Simlar kinds of results fromthe quality assessment for the
version 1.0 release led to the inplenentation of a process for
enhanci ng product stability prior to customer shipnment. The
results also contributed to decisions within OpenVMS Engi neering
to establish nore rigorous software nmetrics within the

devel opnent process. Moreover, clarifying the process
deficiencies for OpenVMs AXP versions 1.0 and 1.5 has contri buted
to an increased enphasis on defect prevention in the follow on
rel ease.

Focus for Project Verification

In the context of the product risks and process deficiencies just
summari zed, the quality assessment results for version 1.5



provi ded the follow ng framework for focusing the ongoing
verification efforts:

o] Project_01 through Project_ 05 were m ssing nore than 15
percent of the questionnaire data. (See Figure 4.) These
projects required further investigation to deternine the
current condition of constituent elenents as well as the
form focus, and priority of needed verification work.

o] Project_06 through Project 18 exhi bited conposite scores
that were bel ow average overall. Verification work that
focused on conpensating for the weak change and testing
processes was a high priority for these projects.

o] Project 19 through Project_24 exhibited at |east average
val ues for engi neered changes and net hodi cal testing;
these projects also exhibited significantly bel ow average
val ues for technical ease and, in npbst cases, elenent
expertise. Verification work for these projects needed to
focus on the functionality that posed the greatest
technical difficulty or risk given schedul e and resource
constraints.

o] Project_25 through Project_ 29 exhibited average quality
profiles. Their verification work needed to focus on
speci fic portions of the code where defects may exist due
to technical difficulty, inadequate changes processes, or
poor test coverage or effectiveness.

o] Project_30 through Project_32 had strong processes.
Because their technical ease or el ement expertise
i ndi cat or val ues were bel ow average, however,
verification work needed to focus existing processes on
mtigating current risks and i nproving the product's
readi ness to neet custoner expectations.

o] Project_33 through Project_38 were evidently on-track to
a high-quality release and therefore required only a
confirmation of quality prior to custoner shipnent.

G ven the limtations of the assessnent data and its pervasive
reliance upon engineering judgnent, followi ng all assessnents
with some formof verification work was inportant. In sonme cases,
the data as provided and interpreted within the assessnent
indicated a level of quality that we knew was not actually
present.

By renovi ng defects fromthe product as projects conpleted their
pl anned functionality, the ongoing verification effort for
version 1.5 contributed to inproved inplenmentation quality
relative to the VAX platform mtigated risk due to technical or
stability problens, and increased the satisfaction of rel ease
readi ness criteria.



CONCLUSI ONS

To assure the quality of its product while inproving the quality
of its devel opnent process, OpenVMS Engi neering inplenmented a
process for assessing the quality of its releases using

subj ective data. This assessment process has proven useful in
characteri zing product risks, focusing verification efforts, and
i dentifying process deficiencies during the devel opnent of
versions 1.0 and 1.5 of the OpenVMS AXP operating system The
assessnent identified areas that needed attention; the resulting
actions led to inproved quality.

Usi ng the Assessnent Process

By focusing only on those projects key to a rel ease's success,
the assessnent process described in this paper limts the cost
and turnaround tinme for an assessnment of quality wi thout
significantly dimnishing its value. By focusing on subjective
data, this process captures the judgnent of engineers on the
project teans regarding overall progress toward rel ease

readi ness.

The OpenVMS AXP questionnaire covers various product, project,
and process aspects of a release. The questions may be tailored
for different software rel eases or even different software
products.

Usi ng seven quality indicators, which are defined over subsets of
guestions fromthe questionnaire, the assessment process
synthesi zes quality profiles for each project. These profiles are
based on quality norms that are inplicit within the devel opnent
organi zation. By administering the assessnent process as a

rel ease enters its alpha testing, these profiles can guide the
project's nmovenent toward its quality goals for the rel ease.

| mproving the Assessnment Process

Several opportunities exist for inproving the useful ness of this
assessment process. As the process is repeated across successive
software rel eases, the organization can

o] Val i date the predictive value of the assessnent process
through statistical analysis of quality indicators and
guestionnaire data against selected quality results when
a rel ease begins shipping to custoners

o] Refine the questionnaire to ensure that the questions
remain rel evant to the devel opnent process, unambi guous,
and internally consistent

o] Conpl erent the devel oper assessnent admini stered during



al pha testing with a simlar custonmer assessnent during
beta testing

As an organi zation's software measurement process natures,

subj ective neasures should be replaced with objective netrics for
whi ch data can be econonically and reliably collected. Such
metrics should reduce reliance on the subjective data, but not
elimnate it: the perceptions of an experienced engi neer can
usually add clarity to the assessnment of release quality.
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