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ABSTRACT

DEC TP WORKcenter is Digital's object-based production system
devel opnent environment for Application Control and Managenent
System TP applications. Goals for the DEC TP WORKcent er project
were to neet customers' requirenents, to provide superior product
quality, and to maintain schedule predictability. Mdern software
process techni ques hel ped to achi eve an appropriate bal ance in
resolving the inevitable conflicts between project goals. A
critical analysis of each software process shows its effect on
the engi neering team the product, and the project schedul e.
Changes to the process were inplenmented based on the teamns
experience and quality nmetrics. Recommendations to other project
teams are of fered based on the conclusions drawn fromthe DEC TP
WORKcent er proj ect.

| NTRODUCTI ON

The DEC TP WORKcenter product is an interactive production system
application devel opment environment specifically custom zed for
Application Control and Managenment System (ACMS) transaction
processing (TP) applications.[1] Devel opnent of the DEC TP
WORKcent er obj ect - based devel opnent environment started in 1991
in response to requests froma nunber of Digital's ACMS
custoners. They wanted a tool that could help themto

o] Perform confi gurati on managenment of ACMS application
conponent s

o] Track ACMS application conmponents

0] Obtain a nore efficient build nmechani smfor ACMS
applications

The product devel oprment team consisted of a team | eader, an
architect, six software engineers, a quality engi neer, two test
engi neers, and two docunentation witers. The average experience
of the team was seven to eight years of industrial experience
(with at | east three menbers having over ten years of experience)
in a wide variety of software industries, including

def ense-oriented devel opnents. This breadth of experience was
important in the creation and adopti on of the devel opnent
process.



The key goals of the project were to provide
o] Cust oner - defi ned product requirenents
o] Conpliance with the product requirenments specification
o] A high-quality product
o] Delivery on schedul e

For the custoner satisfaction goal, we describe our use of
Contextual Inquiry, Quality Function Depl oynent, conceptua
nodel i ng, and rapid prototyping. We also describe a fornal

requi renents docunentation technique to analyze requirenents and
gui de later software phases.

For the quality goal, we describe the use of the requirenents
docunent, the interface and design review process, and the use of
i nspections. W nention functional testing as guided by the

requi renents docunent.

For the schedul e goal, we discuss the organization of the team
i nto working groups and the use of the requirenents docunment to
ensure coverage of a requirenents matri x.

Finally, we describe several mmnagenent processes for bal ancing
conflicting goals and assessi ng project dependencies and risks

t hrough process netrics. Fromthis experience, we have fornul ated
a collection of recomendations that we feel are true not only
for the DEC TP WORKcenter project but for all projects.

THEME

Every engi neer on the DEC TP WORKcent er devel oprment team had
experience with formal or seniformal software devel opnent
processes. The positive experiences cane from projects that were
devel oped snoothly and wi thout incident. The negative experiences
stemmed from projects that ended in disaster in spite of (or
because of) fornmal devel opment net hodol ogi es. The entire

engi neering team however, was enthusiastic about fornal

policies, as long as the teamcould be in control of the process.
The team s unofficial notto was

"Use the process, but
don't let the process use you."

Throughout the devel opnment cycle, we | ooked for formal techniques
to control various parts of our work, and then tried to adapt
these techniques to the particular requirenments and capabilities
of our devel opnment team |n sone instances, we were able to
install a formal mechanismwth little or no nodification; but
for nopst cases, we had to refine the nechanism using the



foll owi ng steps.
1. Docunent the mechani sm
2. Test it on a realistic sanple task.
3. Collect objective neasures of how well it worked.
4. Adapt the nechanism
5. Repeat until satisfied.

We never used conplex nmetrics, software physics, or deep

anal ysis; the key to any success was to keep the process sinple
and to continually adapt it to fit the nature of the task and the
team Once we were satisfied with the process, we tried to apply
it uniformy and consistently across the product devel opnment.

DESI GN REQUI REMENTS

Because the DEC TP WORKcenter product was the result of a
custoner-driven process, we were faced with a nunber of
chal I enges, which can be categorized into the follow ng three
ar eas.

o] Gat hering custonmer requirenents efficiently, accurately,
and objectively

o] Capturing and integrating the requirenents of severa
custoners into a single, coherent specification

o] Recordi ng the requirenents specification so that it could
be used as a reference during design and testing phases

Wth the help of Digital's Software Engi neering Technol ogy Center
(SETC), we focused on two techniques for gathering requirenents:
Qual ity Function Deploynment and Contextual Inquiry. Furthernore,
we utilized a formal requirenments specification docunent to
capture the results of these techniques. W also utilized
prototypes to validate our understanding with the custoners and
docunented this in another docunment, the DEC TP WORKcent er
Concept ual Model

Qual ity Function Depl oynent

Quality Function Deploynment (QFD) is an exercise in forning
consensus anong team nmenbers (including custoners and devel opnent
partners) for identifying key requirenents.[2,3] In a previous
project, QFD techni ques had been perfornmed for many of the sane
functionalities of the DEC TP WORKcent er product. W eval uated
the validity of the data and results of QFDs for that project to
deternmine if they could be applied to the overlapping features in



the DEC TP WORKcent er product. This nethod all owed us to take
advant age of valid QFD data and results wi thout incurring the
cost of producing them

Apart fromthe reuse of valid QFD results, we found QFDs to be a
fairly expensive way to gather requirenments. The QFD techni ques

i nvol ve a great deal of preparation, custoner participation, and
anal ysis. The results, however, justified the effort expended. W
energed fromthe QFD process with a prioritized list of

requi renents. For each requirenent, we also identified (1) how
wel |l the current products satisfy the requirenments, and (2) how
wel | the conpetition satisfies the requirenents.

Al of these factors were expressed as nunbers and coul d be
readily ranked for inmportance, cost, and benefit. Once the
requi renents were ranked, we deternined the features to be

i ncluded in the product based on resources and projected narket
dates. These deci sions were then validated by the custoners who
had been involved in the initial requirenents gathering.

Recommendati on: Reuse QFD data. Existing QFD data (either QFD
i nput data and/or requirenents resulting fromthe QFD) may be
reused upon assessnent of their validity.

Cont extual Inquiry

Acting on the advice of the SETC, we used Contextual |nquiries
(Cls) to gather requirenments.[4,5] Cls are structured visits to
sel ected custoner sites to record exactly how the custoner

devel ops ACMS applications today, and exactly how a proposed

sol ution could inprove the customer's productivity. This

techni que involved a great deal of analysis and was an expensive
way to gather requirenents. W feel it was worth the cost because
it gave us confidence in our requirenents list. W were able to
conpare the requirenments agai nst actual custoner activities to
det er m ne:

1. Those requirenents on the |list that would not be used by
t he custoners

2. Those customer activities that would not be supported by
the product as described in the requirenents |ist

Both the CI and QFD techni ques yielded firm objective
requi renents specifications that could be conpared, ranked, and
further anal yzed.

In retrospect, the Cls that had the nost inpact were the ones
that were properly docunented for future reference i mediately
after the Cl visit.



Recommendati on: Docunent Contextual Inquiry Data. In order to
trace information to the Cl and/or reuse its data, the Cl visit
needs to be fornmally docunented.

Requi renents Specification

We needed an effective way to capture and conbi ne the product
requirenents into a formal specification that could be used as a
benchmark for devel opnent. Several engineers on the team had a
background in programi ng for the Departnent of Defense and were
famliar with the DoD STD 2167A devel opnent process.[6] These
engi neers convinced the teamthat the process is beneficial if it
is sinplified and streanl i ned.

Accordingly, the team anal yzed t he DoD STD- 2167A Sof tware

Requi renments Specification format and nodified the format to the
project's needs. As a result, the team produced a requirenents
speci fication docunent that matched the scope of the project,
reflected the background of the team nenbers, and traced the
origin of the customer requirenents. The final docunent was 40
pages of sem formal prose and has renmined current for the
duration of the project.

We have used the requirenments docunment as an inportant data
source in | ater devel opment phases. During software design, we
conpared design features to the requirenments docunent to

el i m nate unnecessary design frills and to detect requirenents
that were not net. We referred to the requirenments specification
to develop a test suite for conplete testing of all product
features. To ensure the use of the requirenments specification

t he docunentation should be kept as short as possible, as concise
as possible, and as descriptive as necessary.

Recommendati on: Custonize the requirenents specification. The

I evel of formality of the requirements specification should
reflect the purpose of the document. Furthernore, it should be as
short as possible, as concise as possible, and as descriptive as
necessary.

Pr ot ot ypes and Conceptual Mde

While we were preparing the requirenments specification, we also
built two prototypes of the human interface for the DEC TP
WORKcent er environment. The first prototype existed only on paper
as a series of Motif windows that illustrated how we inmagi ned the
mai n functions of the DEC TP WORKcenter would operate. W showed
this paper prototype to custoners, asked for their feedback, and
made extensive nodifications based on their reactions. W
repeated this process at least three tinmes. In retrospect, it was
an expensive way to refine the interface, but it gave us
confidence that we were building the correct interface to our



product. This paper prototype was captured in a formal docunent
called the DEC TP WORKcenter Conceptual Mdel and would | ater
support the DEC TP WORKcent er Functional Specification and the user
i nterface design.

To denmponstrate that the product was practical and to get sone
initial performance results, we also constructed an executable
prototype of a few product functions. This activity was val uable
in denobnstrating feasibility, but it had two unfortunate side
effects. First, it distracted the teamfromthe design process,
whi ch caused the schedule to slip. Second, we did not have the
sense to discard the prototype after it served its purpose. The
engi neering prototype suddenly becane the first base-I|evel code
and entered the main line of devel opnent. Eventually, we had to
rewite nmost of the prototype code, which was a nore costly
procedure than starting with a clean design. The engi neering
prototype can be a valuable step if it has a well-defined purpose
and if it is discarded when that purpose is served.

Recommendati on: Restrict prototype usage. The engi neering
prototype can be a valuable step in product devel opnent, if it
has a wel |l -defined purpose and if it is restricted to that

pur pose.

DESI GN PHASE
We used several techniques during the design phase, including
o] Feat ur e- based wor ki ng groups
o] El ectroni ¢ desi gn not ebook
o] Layered approach to object-oriented design
o] Detail -1 evel design header files

The feature-based working groups allowed the teamto devel op the
hi gh-1evel design in parallel in a concentrated period of tine.
The output of each feature-based working group was kept in an

el ectroni c desi gn notebook and forned the evol ving high-1eve
design. Once the high-level design was conpl eted, the team
reviewed the design to validate consistency and integrity to
product requirenents and between interacting or dependent product
features.

A | ayered approach to the object nodel was used to describe the
design of the product. The |ayered approach allowed for easy
separation of the object-oriented design fromthe object-oriented
features of the product. After the high-1level design was

conpl eted, header files were used to define the detail design of
t he product.



Feat ur e- based Wrking Group Techni que

During the design phase, we defined the najor features of the
product and determnm ned which requirenents affected which feature.
We then formed feature-based working groups (FBWGs) to devel op
the design of each feature with respect to its associ ated product
requi renents. Team nenbers participated in the FBWG of interest
to them and a designated responsible individual (DRI) |ed each
FBWG. Since the nunber of team nenmbers was |ess than the nunber
of working groups, team nenbers participated in nore than one
FBWG. There were approximtely twice as nany features as there
were team nenbers. Consequently, each team nmenmber was a DRI of
approximately two FBWGs and partici pated as a nenber of

approxi mately six other FBWGs. Once nenbership of the various
FBWGs was established, the FBWGs met, dependi ng upon the
availability of the nenbers. Meeting conflicts were avoi ded by
tracki ng FBWG neetings on a white board.

Table 1 illustrates the team nenbers' participation in the
various FBWGs for the DEC TP WORKcenter project. The colums in
Table 1 represent the various FBWGs, and the rows represent the
project team nenbers. The entries in the table indicate the role
that a specific team nmenber played in the specific FBWG The | oad
colum indicates the overall role (nunmber of FBWG DRI roles,
nunber of FBWG nenber roles) the team nenber played across al
FBWGs.

Table 1 Feature-based Wrking G oup Matrix

Team Load WG WG WG WG WG WG WG WG WG WG WG WG WG WG WG WG WG WG WG
Menber DbDP 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19
Engi neer 1 /11 Pp . . P DPP . PPPP. P . . . . P
Engi neer 2 22 . . . b . b . . P . P . . . P .
Engi neer 3 2/8 P . p PD. . . . D . P P P
Engi neer 4 29 P P . P P D . P P D P
Engi neer 5 4/8 D P D . P P P . D D .
Engi neer 6 9 . P . P PP . . . PP . D. PP . . .
Engi neer 7 2 . . . . . . . . . . . . . . . P . . D
Engi neer 8 3r4 . . . . . . . D . . D . . . . . P D
Engi neer 9 20 p D. . . . . P DZP . PP
Documnent at i on

Witer 1 o0r . . . . . . . . . . . . . . . P
Documnent at i on

Witer 2 w3 .. P . . . . . . . P . . . . . D
Not es:

D -- Designated responsible individual for the WG
P -- Participant in the WG



Dependenci es or interactions between product features needed to
be managed. |If a team nmenber's participation overlapped with the
interacting features, that person provided a neans of

comuni cating anong the associ ated FBWGs. Ot herwi se, the
corresponding DRIs provided this exchange of information. Al so,
the project |eader and the architect attenpted to attend al
neetings to guarantee consi stency across the various FBWGs. This
allowed us to resolve many issues consistently, but we would have
benefited froma nore formal mechanismfor settling design

di sput es.

The FBWGs continued to a | esser extent during the detail-Ieve
design, but the issues were narrower in nature and were dealt
with by the FBWG DRI and the affected conponent DRIs.

In conclusion, the FBWGs provided clear assignnent of

responsi bility and guaranteed that the design was covered by nore
t han one team nenber. Due to their parallel nature, the FBWs had
no adverse affect on the schedule. Unfortunately, even for snall
groups, the FBWG generated too nmuch specialization of know edge.

Recommendati on: Adapt the design process. The design process
shoul d be adapted to neet the schedul e and resource constraints.

El ectroni c Project Notebook

The m nutes and draft/final design of each FBWG were recorded in
an el ectronic project notebook. The el ectronic project notebook
provi ded a neans of comruni cating the evol ving design of the
product anobng the team nenbers. Once entered into the notebook
the informati on was nmade available to the team Also, the entries
posted in the notebook during the day were collected and numil ed
el ectronically to the team nenbers every night so that the team
remai ned current on all design issues and decisions. This proved
an efficient nmethod for comrunicating the information to the
entire teamas well as for recording the information for |ater
use.

Wt hout a goal to produce a formal design docunent, the team
menbers were not as careful in documenting their design.
Furthernore, the design was dispersed over a set of notebook
entries that created issues in two areas:

o] Configuration managenent: Wich notes formed the current
set of design notes?

o] Inspection difficulty: Wich version of a design note was
a source document?

The el ectronic project notebook was not limted to the design
phase but was used to record and exchange information throughout
t he phases of the product devel opnent life cycle.



Recommendati on: Capture project information. The electronic
proj ect notebook is an easy way to share know edge and exchange
i deas, issues, solutions, futures, etc., about a project.

Recommendati on: Generate formal design specifications. Although
the el ectronic project notebook contained the design, it is not a
substitute for a formal design specification.

Layered Approach to Cbject-oriented Design

Since the product woul d be object-based, we used object-oriented
design (OOD) techniques. Due to the inexperience of sonme team
menbers, the distinction between abstraction |evels was not

al ways clear. To allow the teamto recognize the different
abstraction levels, we used different |anguages for the two

| evel s of abstraction. At the product |evel, object-oriented
term nol ogy was used. At the product architecture |level, a
constrai ned | ayered nodel was used in which the constraints

al l owed a sinple mapping into an object-oriented nodel.

The following constraints were applied to the various |layers in
t he nodel .

1. Each | ayer provides one and only one specific type of
resource.

2. Each layer provides a set of services to nanipul ate that
resource.

3. The resource and/or its services may use other |ayers to
provi de needed resources and services.

These rules allowed the teamto distinguish between the design of
the product and the data nodel of the objects manipul ated by both
the product and its object-based operations. Al though this

| ayered approach to OOD was formul ated to nake use of the teanm's

background, the resulting design was not a pure OOD

Recommendati on: Understand the purpose for nodifying a process.
Al t hough the | ayered approach to OOD attenpts to bridge
traditional design nmethods to OOD nethods, it should represent
only a phase in a planned transition to OOD techni ques.

Detail -1 evel Design Header Files
During the detail-level design stage, we refined the various

| ayers required to inplenment the resources and services to
support the product features. This included determ ning the fina



interface of each layer, defining the resource controlled by the
| ayer, and describing the functionality of the services provided
by each | ayer.

To optim ze consistency and effort, the detail-Ievel design was
represented as a C header file that provides the services of a
| ayer inplenented in a C nodule. Furthernore, if a nodule
represents an object, then the header file consists of the

vi si bl e operations that can be perfornmed on the object.

The header files were placed under configuration control while
i ssues and resol utions concerning a | ayer were recorded in the
el ectroni ¢ desi gn not ebook.

Since several features required the services of a specific |ayer
(later inplemented as a C nodul e or conponent), we captured the
rel ati onships in a feature/conmponent matrix. Table 2 gives the
feature/ conponent matrix for the DEC TP WORKcent er product. The
colums in Table 2 indicate the various product features, and the
rows indicate the conponents of the product. An entry in the
matri x indi cates that the conponent inplenments or supports part
of the product feature.

Tabl e 2 Feat ure/ Conponent Matri x

Conpo- Feat ur es

nents 1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22
1 e . . . 3
2 3 3 3 3 3 3 3 3 3 .
3 . 3 3 3 3 3 3 . 3 . 3 3 .. . 3 .
4 2 2 1+2+3 3 2+. 3 2+3 2 2+ . D
5 3 333333 . 3 3 3 3 . 3 D
6 2 2 2+2+3 3 2+. 3 2+3 2 3 . D
7 2 . 2+
8 2 2+ 2+ 3 3 2+ 3 2+ 3 D
9 3 2+
10 Ce e 3
11 e 2+
12 e 2+
13 e~
14 .. 1+ 1+2+3 3 2+2 3 2 . . . . . 2+
15 2 . 1+ 1+2+3 3 2+2+3 2 . . . . . 2+
16
17 <
18 Ce ey 2
19 o S
20 e
21 2 . L3 e
22 2+ . L L2y 2+
23 C e 2



1 . Base Level 1

1+ : Base Levels 1 and 2
2 . Base Level 2

2+ . Base Levels 2 and 3
3 . Base Level 3

D . Deferred

A DRI was assigned to each header file to coordinate the needs of
the various features on that |ayer. The conponent DRI net with
several FBWG DRIs to ascertain the needs of each feature and
present a satisfactory interface. On the other hand, each FBWG
DRI needed to coordinate with several conponent DRIs to provide
the capability for the associated feature.

Recommendati on: Share information across devel opment phases. The
use of header files as part of the detail-Ievel design provided
(1) a centralized location for all interface information about a
nodul e, (2) no redundancy of interface information, and (3) an
up-to-date interface in the correspondi ng code.

Desi gn Revi ews

The entire teamrevi ewed the high-level design for consistency
across the various product features and for integrity of the
dependenci es between features. Due to tinme constraints and the
anount of design information, this review was inefficient and was
not formally conpleted. Marathon high-level design review did not
work since it was too intense and too | ong. W concluded that the
revi ew process nust be streamined.

The detail-1evel design was represented as C header files.
Consequently, they were targets for code inspection.

Recommendati on: Review the design in nmanageabl e pieces. Divide
the high-1level design into nmodules so that its reviewis
manageabl e.

CODE | NSPECTI ONS

Al t hough inspections were used for the requirenents docunment and
the data nodel design, nost of the inspections occurred during
the DEC TP WORKcent er codi ng phase. The technique was nodified to
deal with time constraints and the anmobunt of coding, and to gain
the acceptance of the team on the useful ness of inspections.
Basically, we defined a formal inspection and a semnifornal

i nspecti on.



The formal inspections follow the guidelines as described by
Fagan.[7,8] The sem formal inspections had the follow ng
restrictions:

1. Only two engineers participated in the inspection.
2. The npderator was al so the reader
3. The author was also the recorder.

The following criteria were established to decide which type of
i nspection would be perforned.

1. Conmplex code was formally inspected.
2. Critical code was formally inspected.
3. Remmining code was informally inspected.

The conplexity of the nodul e was determ ned by conputing the
McCabe cycl omatic conplexity of the nodule.[9,10] The threshold
for conplex code was initially set at 7 and woul d be periodically
adj ust ed based on feedback on the effectiveness of the

i nspections. Note that the literature has usually determ ned 10
to be this threshold. At 7, approxinmately 17 percent of the code
was consi dered conplex. This nay be attributed to either the
tendency of nodules to represent objects in the design or the use
of the X Wndow System and Mtif as the graphical user interface.

The project |eader determned the critical code according to the
nature of the code or internmodul e dependencies in the system
This information was available fromthe detail-level design. One
exanple is DEC TP WORKcenter parsers, where the flow of contro
is based on pattern triggers rather than on sequential execution
of statenments. Consequently, the DEC TP WORKcenter parsers were
deened to be conpl ex.

Al'l renmaining code was inspected using sem formal techniques. To
di scourage the engineers fromartificially constraining their
code to be nonconpl ex, the project |eader could randomy choose
code for formal inspections (this was never needed).

As anot her refinenent to the inspection process, we reduced and
adapted the set of codes used to characterize a defect according
to the type of docunent being inspected. This technique all owed
us to accelerate the inspection and continue to capture the

i nformati on of interest.

In another attenpt to refine the inspection process, the recorder

defined the defect codes. This accelerated the sem formal
i nspections but slowed the formal inspections.

Recommendati on: Understand the purpose for nodifying a process



(revisited). Under schedule or resource constraints, consciously
decide howto formally relax the inspection process and
under st and t he consequences.

Recommendati on: Choose tools to support the process. G ven
unbi ased criteria to select the |level of inspection, choose the
appropriate tools to support the decision process.

SCHEDULI NG

Proj ect scheduling played an inportant role in managi ng the
project. Scheduling tools associated with personal conputers
(such as program eval uation and review techni que [ PERT], critica
path nmethod [CPM, precedence network, and resource |eveling
capabilities) were used to nmanage the schedul e. Tasks were
classified as either process-related or product-feature-rel ated.
The process-rel ated tasks covered activities such as Digital's
Phase Revi ew Process or custoner interactions. The
product-feature-related tasks were activities directly related to
the design, inplenmentation, and testing of product features.

One distinction of the DEC TP WORKcenter product is that nost of
the product-feature-rel ated schedul e was determ ned fromthe
feature/ conponent matrix (see Table 2). When a specific feature
was planned to be added into the product, the conponents
supporting that feature were al so schedul ed to be added. The
entries in the matrix in Table 2 indicate in which code base

| evel the conponent inplenments or supports the product feature.

The engi neer(s) assigned to a task submitted an estimte of the
time needed to acconplish the task to the project managenent. |f
the estimtes were considered unreasonabl e based on past

engi neeri ng experiences, an in-depth analysis was perfornmed to
understand the di screpancy. These di screpancies were due to

ei ther a mi sunderstanding by the project managenent of the
conplexity of the task or an inefficient solution plan by the
engi neer to build upon existing conponents or processes.

Recommendati on: Share information across devel opment phases
(revisited). Use requirenments analysis and design information to
define the schedul e.

Recommendati on: Get team support for the schedule. For any
schedul e, obtain comitment fromthe team
Ef fici ency Factor

We al so cal cul ated an efficiency factor to account for activities
that would | ower the efficiency of engineers in performng their



tasks. These activities included periodic nmail reading, attending
non-project-related neetings, sick tinme, jury duty, and code

i nspections. W revised all work estimates to reflect the

engi neer's efficiency factor. Initially, the efficiency factor
for nost of the engineers was calculated to be 60 percent.

Al t hough the efficiency factor was intended to achieve the nost
realistic schedule possible, it was the cause of severa

probl ens:

o] The efficiency-related activities were counted twice if
the engi neer's estimates included these activities.

o] There is an assunption that the efficiency-related
activities are spread uniformly over all tasks. This is
true for repetitive activities that occurred within the
resolution of the tasks being estinmted, but other
efficiency-related activities occurred rarely (e.g., sick
time) or were associated with a specific phase of the
project (e.g., code inspections).

As a result, the schedul es needed to be refined and adj usted
frequently.

Recommendati on: Understand the factors that inpact the schedul e.
The efficiency factor attenpts to capture those separate
activities that were not worthwhile but inpact the efficiency of
ot her activities.

Unpl anned Tasks

During the initial phase of the project, the project nanagenent
recogni zed that schedule predictability was highly influenced by
unpl anned tasks. To better understand the nature of unplanned
tasks, the project managenent participated in a Software Metrics
In Action (SMA) course offered by the SETC. The SM A course was
applied to our problem of unplanned tasks over the next phase of
the project. To our surprise, we concluded that, no matter how
wel | one plans, one always has an additional 20 to 25 percent of
unpl anned tasks. This included new tasks, existing tasks that
took | onger, and existing tasks that were conpl et ed.

Recommendati on: Understand the inpact of unplanned activities.
No matter how well one plans, one always has an additional 20 to
25 percent of unplanned tasks. This includes new tasks, existing
tasks that took |onger, and existing tasks that were conpleted.

M | est ones

The difficulties of estimating tasks and the existence of
unpl anned tasks woul d sonetines render the schedule invalid.



M | estones within the project schedule allowed the teamto neet
the associ ated deadlines. M| estones al so caused two events
that affected the project:

o] Unpl anned tasks were prioritized agai nst planned tasks,
causi ng readjustnment of ml|estones based on the
prioritization criteria.

o] Engi neers becane nore efficient, causing the efficiency
rating to be revised and all owi ng sone of the unplanned
tasks to be included wi thout inpacting the schedul e.

Recommendati on: Define nilestones. The team works best when
wel | -defined mlestones for goals are established.

Feature "Hit List"

Toward the end of the design phase, we determ ned that the

pl anned date for conpletion could not be nmet unless we reduced
the functionality of the product. We created a feature "hit list"
in the electronic project notebook in which we listed the

candi dates for elimnation fromthe product. The feature hit [|ist
was used in a Pugh process to deternmine, in a structured manner
and with group consensus, the features to be elinminated in order
to nmeet the projected market date.[11]

Sonme of the features that we elininated through our hit-1list
technique originated in the QFD process. During field test
training, custonmer feedback indicated that sone of the elim nated
features were needed for a viable product. This event caused us
to reeval uate and readjust the projected market date in order to
i nclude the missing features. Thus, we reaffirmed the validity of
the results supporting our custonmer satisfaction goal

Furthernore, the readjustnment of the projected market date had
hi gh managenent visibility, but the utilization of the customer
satisfaction processes pernmitted us to adequately docunent the
rationale for and justification of the readjustnent.

Recommendati on: Manage and adapt the change process. Wen naking
a change that is visible to the custonmer and/or nmenagenent, one
needs (1) a formal process for defining the change, (2) consensus
anong the team (3) traceability to facts supporting the origina
decision and its change, (4) inpact analysis of change, and (5)
agreenent from custoner and/or managemnent.

FI NAL PHASE

In the final stages of the DEC TP WORKcent er product devel opnment,
we conducted field tests at custoner sites, identified defects,



and deternmined the final changes to be nmade to the product.

Field Test Advocacy Program

During field test, we took a proactive approach in our
relationship with the custonmer field test sites. Under our Field
Test Advocacy Program an engineer is assigned to nonitor the
progress and to resolve any issues or problens at the custoner's
field test site. The engineer nmonitors the custoner's software
probl emreports (SPRs) in the field test SPR database to
understand (or be aware of) any patterns in SPRs.

In one exanple, a custoner raised a series of feature suggestions
that were all attenpts to use the DEC TP WORKcent er environment
for an unsupported object type. Although the suggested features
woul d be useful, they would not be as inportant if the main
feature was provided. Mnitoring customer SPRs provided us with
an under st andi ng of how the customer was testing and assured the
custoner that the engi neering team understood the custoner's
concerns.

Recommendati on: Adopt useful processes. Adopt processes in which
the benefits outweigh the costs, but understand the tine frane of
bot h.

Tracki ng Defects and Monitoring Fixes

As the product was being devel oped, all (internal and external)
probl enms were tracked using a problemtracking tool. Every
probl em was entered into the probl em database and gi ven a uni que
identifier. This allowed the engineer to associate a fix with the
corresponding problemidentifier. Furthernore, the problem
tracking tool allowed us to nonitor the defect identification and
fix rate on the project. Figure 1 shows both the nunber of

probl ems entered over tinme as well as the problens fixed over
time.[12] Interesting points in the graph are the sl opes,

pl at eaus, change in slope, and vertical distance between the two
l'ines.

The tracking tool also allowed us to verify that the priority of
the fixes was consistent to the severity of the problem Figure 2
shows the sane graph for the two hi ghest severity classes and

i ndicates that the problens with the highest severity cl asses
were nonitored closely and fixed i medi ately.

Tracking the problenms worked well to identify issues during the

DEC TP WORKcent er product devel opment. Mre analysis, however,
was needed to understand trends as soon as possible.

Recommendati on: Adopt processes to collect valuable netrics.



Understand the rationale for adopting a netric and set up a
process that achieves the goal of the netric.

MUST- DO Li sts

As we approached major code freeze dates, we prioritized the
defects to be fixed and conpared themto our MUST-DO criteria.
Usually the criteria consisted of the follow ng.

o] The defect was a priority 1 or 2.

o] The defect inpeded testing efforts of critica
functionality.

o] The defect represented a regression froma previous
stabl e version of the product.

The defects were added to the MUST-DO list if they nmet the
criteria. This list indicated backl ogs of defects that needed to
be resolved prior to declaring a code freeze. Figures 3 and 4
show MJST- DO count patterns prior to reaching code freeze. The
solid line (total) indicates the outstanding MJST-DO itens over
time.

Recommendati on: Define valuable netrics (or focus on inportant

i ssues). The MUST-DO list helps prioritize the tasks that require
focus during a specific activity and provide well-defined goals
for the team

Product Stability

Once the product had reached feature freeze, a change contro
board was put in place to guarantee the stability of the product
and to avoid any mmjor regression that would i npact the schedul e.
The board approved the inclusion of any defect fix after (1)
review or inspection of the code nodifications, and (2) adequate
testing.

Furthernore, we nonitored the defect discovery rate to determ ne
if it was stable enough to warrant a code freeze.[12] In this
case, we neasured a running total of the nunber of MJUST-DO itens
added over the last five days. Figures 3 and 4 show this nmetric.
The broken line (five-day cumnul ative) indicates the five-day
running total and neasures if the changes are stabili zing.

Recommendati on: One can always inprove. It is never too late to
set up a change control board to reduce the introduction of new
probl enms and regressions.



CONCLUSI ONS

The DEC TP WORKcent er obj ect-based devel opnent environnment
(version 1) was devel oped over approxi mately 24 nonths. During
this time, we were presented with a variety of situations that
coul d have inpacted our project goals. This paper presents
several of the processes that the team adopted to neet the

proj ect goals. Table 3 sunmmari zes the reconmendati ons based on
our experiences on adopting processes to support our goals. In
retrospect, we see that the project functioned snmoothly when al
of the followi ng conditions were net.

o] Everyone underst ood what devel opnent phase was in
pr ogr ess.

o] We identified a set of processes to govern each phase.
o] We adapted the process to suit the project team

o] We adapted the process to the realities of the project
schedul e.

o] Al'l the team nmenbers understood and accepted the process.
o] We followed the process conscientiously.

In short, the entire experience of the DEC TP WORKcent er project
can be sunmed up as:

o] Sof t ware devel opnent processes should be as sinple as
possi bl e.

o] The team should formally adapt the processes to its own
needs.

o] The team shoul d understand the consequences of nodifying
t he process.

Al t hough these rules of thunb do not ensure a snooth, productive

project, the DEC TP WORKcenter team found themto contribute to a

successful concl usion.

Qur recomendati ons can be adopted by any project team however,

the team woul d benefit by taking part in a sinilar process of

identifying its goals and supporting themw th appropriate

processes.

Tabl e 3 Reconmendati ons Based on the DEC TP WORKcent er Devel opnent
1. Reuse QFD dat a.

2. Docunent Contextual I|nquiry data.

Pr oj ect



3. Custom ze requirenents specification.

4. Restrict prototype usage.

5. Adapt the design process.

6. Capture project information

7. Generate formal design specification.

8. Understand the purpose for nodifying a process.
9. Share information across devel opment phases.

10. Revi ew design in manageabl e pi eces.

11. Choose tools to support process.

12. Get team support for the schedul e.

13. Understand the factors that inpact the schedul e.
14. Understand the inpact of unplanned activities.
15. Define milestones.

16. Manage and adapt the change process.

17. Adopt useful processes.

18. Adopt processes to collect valuable netrics.

19. Define valuable nmetrics (or focus on inportant issues).

20. One can al ways i nprove
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