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[/\Ithough 00 development methods and models
® have been in use for several years, management
techniques optimized for 00 development have not
kept pace. The author participated in several 00
projects and, based on those experiences and the
lessons learned from them, developed a °
management process tailored to 00 development.

-

MANAGING 00
PROJECTS BETTER

Pa rsity of Florence

ver the past decade, the object-oriented paradigm has gained a large

w O following, and in many cases’ has replaced traditional software devel-

opment approaches with OO equivalents.?? New schemes have been

proposed for modeling the development life cycle as well.# Unfortunately,

many of these approaches focus on modeling the system development around a

single task or team, rather than considering how to build a specifically object-
oriented system in terms of planning, team structure, and project management.

Thus, the definition of these new OO development methodologies has yet to be

supported by a comparable effort in defining methods and strategies for manag-

ing OO projects, or for modeling the life cycle at both the system and the task and

subtask levels. 0O project management also requires integration in effort planning

and process prediction. Traditional models fall short in this regard, too, because they

take an almost entirely bottom-up approach and base their project plans on the

mechanisms of allocating and deallocating people.
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erogeneous teams that included staff members
from the University of Florence, the Centro Svilubpo
Tecnologicao (CESVIT) research center, and various
companies. Although the project partners were in
separate locations, to improve the homogeneity of
results the various heterogeneous task and subtask
teams assighed to a particular project worked in one
place. Doing so let them use the same “quality man-
ual,” a reference document containing all guidelines
for project development as prescribed by the com-
pany’s general criteria. The teams performed most
of the work using C++, but implemented some
projects in TROL (Tempo Reale Object-oriented
Language), a formal language and model similar to
object-oriented SDL, ObjecTime, and others.’

TEAM STRUCTURE AND
ORGANIZATION

A project manager coordinates the subsystem
managers and directs the overall project. When the
project manager adopts the well-known waterfall
life cycle, a clear division is present between the
phases of analysis (requirement analysis and de-
tailed analysis), design (structural design:and de-
tailed design), coding (class implementation), test,
and so on. The team organization usually replicates
this division. Different groups work on the same pro-
jectin different phases, and communicate via a few
meetings and documents. These groups may use
different notations and methods. Even if an inte-
grated quality and methodological model unifies
these notations, misunderstandings may still occur
between the many people tasked with drafting and
interpreting the project’s documents. Thus a mis-
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" Maintenance

causes teams to work on wrong
or unrequired functionalities.
Although several integrated ap-
proaches to reduce these prob-
lems have been tried, their results
have been limited by the persis-
tence of different interpretations
and viewpoints within groups

and between groups.
In many cases, project man-
agers adopt Larry Putnam’s re-

Time

FIGURE 1. Putnam’s resource allocation model, which shows project effort as a  source allocation model,” shown

function of time.
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FIGURE 2. Project start-up structure with the most

important products of each phase.
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in Figure 1. As the project evolves,
the dynamic allocation of people
may lead to an increase in the
number of subsystems and in the team's size.
Typically, management allocates people dynamically,
passing them from one phase to the next to satisfy
incoming deadlines. Although training new people
would avoid this reshuffling, it is often a costly and
self-defeating alternative because it usually entails
the support of skilled people needed elsewhere on
the project.
¢ In our experience, the hierarchical organiza-
tion of a team can be successfully applied to OO
projects. But the project plan, the development life
cycle, and the roles of the project manager and sub-
system managers must be revised as described in
the following lessons.

PROJECT START-UP

As Figure 2 shows, the project start-up consists
of several phases typically performed sequentially
or only partially overlapped.

We typically perform the requirements acquisi-
tion and high-level analysis, also called user needs
analysis and feasibility study, to-

+ evaluate commercial issues such as benefits
and risks;

¢ analyze the technological risks;

+ examine the requirements with respect to in-
dustry trends and general goals;

+ define ultimate targets in terms of end users,
environments, platforms, and so on;

+ define the quality profile of the final prod-
uct; and

+ define project timing, the most important
milestones, and the critical path.
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m managers. The two-phase
arizes the identification of sub-

systems, improving efficiency by avoiding class dupli-
cation and reducing the dependencies among sub-
systems (and thus among subsystem teams). Each sub-
system or subtask should have from 15 to 30 classes to
be manageable, depending on the role these classes
play in the system. A larger number usually means that
team members must learn a lot about the system,
while too few classes may lead to people working on
the same class too frequently. A subsystem can include

¢ several small classes (basic objects, part of other
classes);

ly

¢ a number of so-called “key classes” (such as the
root class for persistent objects, a class implementing
thelist) and,

¢ among these key classes, a few very important
classes, called engine classes. These are more complex
than the other key classes and cannot always be de-
composed because their complexity derives mainly
from their functional and behavioral aspects.

Instances of engine classes usually control the
most important parts of the application, such as the
database manager, the state machine editor, the
window manager, the event manager, or the inter-
preter. For such classes, the effort—defined as the
hours spent executing a particular task—may be as
much as five times greater than that for normal key
classes. The start-up phase continues with reuse
analysis, in which the project manager and the sub-
system managers identify sources of existing sub-
system parts, classes, or clusters that can be prof-
itably reused in the current project. For each
potential reuse source, the cost of adaptation must
be evaluated before proceeding.

Next, the subsystem managers and project man-
ager identify suitable tools for system development.
These decisions may lead to reiterating from the
subsystems analysis step.

The subsequent coarse-grained project plan
includes

1. analyzing the overall system,

2. defining subsystems {tasks) and subtasks,

3. examining dependencies among tasks,

4. planning time-to-market, and

5. identifying milestones and other target dates.

Determining how many staff-hours are needed
to develop each subsystem and its corresponding
subtasks cannot be done yet because the assess-
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FIGURE 3. The macrocycle of the task and subtask development life cycle, and the
microcycle—a simplified version of the spiral model integrated with a modified version

of the fountain model.
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ment effort must be performed later. During the
subsystsem-resource analysis, the effort for devel-
oping each subsystem and the corresponding sub-
tasks is evaluated in terms of human resources.

‘¢ The number of identified key classes multiplied
by a factor, K, gives an approximate measure of the
final dimension of each system or subsystem in terms
of classes. We found that K is equal to 2 for subsystems
without a user interface and communication with de-
vices, and 4 for subsystems that include the relation-
ships with a complex user interface. We use the hy-
pothesis for the number of system classes to predict
the effort needed for each task by considering the typ-
ical person-hours needed to analyze, design, and im-
plement a class. In the projects mentioned, this mean
factor is 15 to 40 hours per class; differences depend
on team efficiency and application complexity. We
used the number of class attributes and methods as a
more precise predictive measure of class complexity.

You can now prepatre the detailed project plan,
considering atleast the temporal constraints iden-
tified in the requirements acquisition and high-level
analysis phases, as well as the number of people
needed for each subsystem and subtask; The plan
must also consider the nature of the life cycle
adopted. In the case of OOP, the classic life cycles
are evolutionary and typically prototype-oriented,
such as the spiral or fountain models.*#¢ The foun-
tain model leads to an unpredictable number of cy-
cles at the system level because it is too rule-free to
produce repeatable results. This makes it difficuit to
predict the duration of the analysis, design, imple-
mentation, and other phases.

¢ At the system level, we used a spiral-oriented
project schedule: two or three cycles of from six to
eight months each that produce a milestone and
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4 SC ¢ points per hour, includ-
ing analysis, design, coding, doc-
umentation, test, and assess-
ment phases.

SYSTEM DEVELOPMENT

After project start-up, the system development
phase begins by activating tasks and subtasks
according to the project plan and the preanalysis
performed during start-up.

Task life cycle

The spiral model is too complex and complete to
be applied at the subsystem level, while the foun-
tain model is difficult to control. The adopted mi-
crocycle, shown in Figure 3, consists of a simplified
version of the spiral model integrated with a modi- -
fied version of the fountain model. According to the
fountain moedel; the first three steps can be locally
iterated by restarting.from the first step when strictly
necessary to achieve the cycle objectives. Unlike the
fountain model, the last steps are performed simul-
taneously and only once.

Figure 3 shows that, as in the spiral model, a
task or subtask is typically completed in one or
more cycles, each with a duration of two to four
weeks depending on fixed subgoals and mile-
stones. Given the team members’ typical produc-
tivity, you can obtain the number of cycles re-
quired by considering that a task or subtask must
contain from 15 to 30 classes to be manageable.
For example, it requires three cycles of two weeks
each, with a two-person team—a total of 480
hours—to produce from 12 to 32 classes for C++.
Less time will be needed if you are producing key
classes, because fewer classes must be considered
if the subsystem includes key classes. Task and
subtask teams consist of two to three people, in-
cluding the subsystem-manager. The develop-



ment process is a i
of partially ovei
steps. We found it ¢
geous to use anana
design methodolc
similar to Grady £
because it meshes y
the management ;
cycle models we s
After the design pk
same team perform:
documenting, and
ment simultaneou
crocycles partially -
different roles in dif

+ We observed |
menting and assessi
number of classes, w
testing classes and th
is linear and the sec
more than quadrati
since interactions an
ships of is-part-of a
made concrete with
number of classes pe
first part of the coste
testing relationships
ing class relationship
ber of relationships ¢
other parameter th
control along the dev
reduced testing, asse.
improving these proc

Test activity
Typically, the test
as long as the first t
timethanittakesto|
duced the time for t
of test cases and pro
phases and, in som¢
tool for regression |
Playback.® This app
phases: the capture
ture, the system col
external-device inte
interactions are stor
file. The histories are
the computer interfz
real entities: users, o
on. After each simul
responses can be te

Bquence
lapping
dvanta-
ysis and
gy very
ooch’s,?
vell with
and life-
elected.
ase, the
5 testing,
assess-
sly. Because consecutive mi-
overlap, team members have
ferent contexts.
hat the effort spent in docu-
ng depends quite linearly on the
hile testing depends on time for
eir relationships. The first factor
ond takes a time that depends
cally on the number of classes,

nd is-referred-by are frequently
several method calls. A small
r subsystem lets you work in the
volution curve, where the cost of
is much lower than that for test-
5. This also depends on the num-
established among classes (an-
at must be maintained under
elopment process). Moreover, we
5sing, and documenting time by
esses.

@ctivity can last anywhere from
hree phases combined to less
romplete the first phase. We re-
esting by preparing test scripts
cedures directly in the analysis
» cases, by using an automatic
esting based on Capture and
oach is based on two distinct
and the playback. During cap-
ects each computer-user and
raction. The histories of these
°d in sequential formin a script
reproposed during playback to
ces, simulating the presence of
ther machines, sensors, and so
ated stimulus, the computer’s
sted to verify that the applica-

ong classes exploiting relation- -

tion answers correctly according to its predeter-
mined behavior.

In subsequent cycles, regression testing is per-
formed automatically for those parts that are mainly
unchanged.

Documentation activity

Documentation usually takes much more time
than other activities. Suitable CASE tools for analy-
sis and design can generate a draft version of doc-
umentation, in which details related to the imple-
mentation must be added manually.

¢ Theteam member who serves as main designer
of the classes is the best choice for performing this
work. The subsystem manager also must help prepare
the documentation that describes the task status and
evolution, and the decisions carried out in the task
cycle. This part of the documentation helps the project
manager understand and discuss the project’s status
at a higher level.

Assessment activity and related mechanisms

Evolutionary development lets you produce
something that can be automatically measured
right from the early phases of the project, when
class definitions are available. We used the class
structure’s attributes and method interfaces to
apply predictive metrics for estimating develop-
ment, maintenance, and other task effort.>° We an-
alyzed values and corresponding trends of a few
metrics and indicators for each task and subtask
class: complexity (as it relates to class effort, main-
tainability, and so on), verifiability index, reuse
index, efficiency, and so on,'011

As Table 2 shows, for classes we imposed specific
profiles, such as number of attributes, number of
methods, class complexity, inherited class complex-
ity, and class interface complexity. When two values
appear in a cell, they refer to classes not involved and
involved in the GUI, respectively. Data for these met-
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FIGURE 4. Histogram of the class complexity attribute for project LIOO near the midpoint of the
process’s development. The typical histogram must present an exponential trend, while in this case a

couple of classes exhibited a class complexity greater than 1800.
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FIGURE 5. Task and project levels in a sample assessment. Only one task is reported.
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rics has been evaluated using a
definition developed in my work
with colleagues'

We define these profiles using
the typical histograms obtained
for that metric in other projects,
as shown in Figure 4. When a
class grows beyond its imposed
limits it must be carefully ana-
lyzed and, if possible, corrected.
We accomplish this by, for exam-
ple, splitting the class or moving
the code closer to its parents.’
Doing so maintains the class’s
quality and ensures control of the
staff effort devoted to the class.

Assessment, the shortest ac-
tivity of those performed in par-
allel, is done by a team member
skilled in OO analysis, with the
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cle. To accomplish g

eneralization and integration,

the subsystem manzt(ger musct first identify the de-
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pnships and integrations among project tasks and subtasks. The dotted lines indicate
odic meetings to discuss integration among classes and clusters by different teams.

¢ During this phase each subsystem manager
may meet with other subsystem managers and the
project manager, depending on task relationships, to

1. identify new detailed requirements for general-
izing classes and clusters developed so that they can
be used in the whole system;

2. provide other teams with the current version of
software developed in the corresponding task or sub-
task, along with its documentation, test, and assess-
ment reports;

3. discuss with the project manager how to correct

problems identified by the assessment activity.
As regards point 2, the other task and subtask teams
will use the results produced starting from their next
detailed analysis phase, as shown by the arrows in
Figure 6.

Task relationships

The dotted lines in Figure 6 show that, about
every two to four weeks, depending on the length
of the microcycle, project task and subtask teams
hold periodic meetings to exchange information. In
these meetings, only the choices made in the analy-
sis and design phases are discussed, with the intent
of improving integration among ¢lasses and clus-
ters implemented by different teams. Thus, the pe-
riodic meetings address the general aspects of
analysis and design, while restricted meetings be-
tween the team and its subsystem manager address
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more detailed and technical problems.

¢ Periodic meetings avoid class duplication and
facilitate the adoption of uniform notations in the
project database’s quality manual for the selection
of class, method, and attribute names; for compiling
documentation; for preparing test scripts; and so on.
To improve control and uniformity, plan general
meetings with all team members and subsystem
managers :

¢ when an importanttask is completed,

+ when animportant changeto the project struc-
ture and management is needed, or

¢ fordiscussing prototypes of the whole system or
time-consuming milestones and deliverables.

At general meetings, everyone explains what
they are doing and are going to do, then comments
on issues raised by the others. Such meetings im-
prove the code’s uniformity and quality because
they let all points of view be taken into account.
They also have a strongly positive affect on morale
and motivation. General meetings can even help re-
duce the fuzzy thinking of programmers who some-
times get distracted by a trivial task that could be
safely neglected, even if doing so caused inconse-
quential errors in the finished product.

Team people

Traditional projectand subsystém managers typ-
ically lack the training and expertise to manage OO
projects. This shortcoming becomes more pro-
nounced when using our approach, which requires
management participationin se\}eragl meetings that
address technical problems. !

4 As shown, the roles of the project manager
and subsystem managers are quite different than in
traditional projects where, during the development,
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they only supervise the work of all groups, defining
documents’structure, instruments, and planning.
According to our model, the project manager can
profitably manage the project only if he or she di-
rectly knows how the problem domain has been cov-
ered in terms of classes and class relationships.
Moreover, the subsystem manager must participate
actively in the task and subtask development by an-
alyzing details and designing and implementing
specific parts, or parts related to other tasks.

Effort planning

Models such as the Putnam Resource Allocation
model, Jensen's model, and COCOMO are mainly
suitable for single-team projects.’2 Although some
versions of these models can be applied to multi-

- team projects, they entail considerable dynamic al-

location of human resources during the design and
coding phases at the task level, as Figure 1 shows.
At the subsystem level, this means it is difficult to
predict costs, especially if you use traditional devel-
opment models. With OO methodologies, on the
other hand, effort is shifted from the design phase
to that of analysis. System development starts by
using a bottom-up approach and then reverts to a
top-down one.* Doing s0 moves the peak of the ef-
fort curve to the analysis phase, but the problems
related to dynamic allocation persist because the
traditional effort allocation method remains. This
problem becomes more severe when you use the
Putnam model for each cycle of the spiral develop-
ment life cycle, because it calls for the allocation and
deallocation phases to be performed at each cycle,
with a consequent increase in overhead costs.
Using the alternative approach shown in Figure
7, we report the effort for a task or subtask as a func-
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If project management predicts insufficient ef-
fort for the planned trend, more effort is allocated
by, for example, increasing the next cycle’s dura-
tion. If this is infeasible because of task deadlines
or other factors, project management divides the
task into two subtasks under a single subsystem
manager. In this case, dynamic allocation takes

tent with the OO aglproach, letting the same people  place in the analysis phase.
who perform the analysis work on all other phases. Task division can, however, generate mis-
This leads to a reducltion of effort and less risk of mis-  matches. To reduce such problems, project man-.
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sion is infeasible or too expensive because it would
affect too many related classes. In such cases, the
team can be increased to at most four people, some
minor classes can be reassigned to related subsys-

impacton cluster identification and on the generaldo- ~ tems, or both. Larger teams would result in de-
main analysis. Some methodologies are more flexible  creasing productivity and increasing cohesion
while others are much too rigid in this regard. Further,  among subsystems. '

during each single cylcle there are periods in which one

¢ Using our microcycle approach requires more ef-

team member still works on the analysis whiletheoth-  fort from the project manager than that needed to
ers proceed to the other phases. The project manager ~ manage traditional projects: we obtained a value of
must try to distribuie the project staff’s efforts uni-  nearly 210 hours per year for a project of four person-
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years. This value must be scaled for larger projects,
which contain a higher number of subtasks, and thus
require additional meetings and greater technical in-
volvement by the project manager.

| have found traditional methods inadequate for
managing OO projects, for several reasons:

¢ There is a sizeable gap between OO software
development methodologies and diffuse manag-
ing approaches.

¢ Thelife cycles usually adopted focus too much
on single-task projects and structured or functional
methodologies.

+ Managers lack prior experience in the adop-
tion of OO indicators for controlling system devel-
opment at both project and task levels.

+ Organizations share a deeply ingrained tradi-
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tion of allocating and deallocating human resources
among different projects.
¢ Project and subsystem managers lack the
technical expertise necessary to profitably manage
OO0 projects. Thus, to be effective, the OO approach
I've proposed must be introduced throughout the
whole organization. ,
_ My project experiences and those of my col-
leagues have enabled us to create and fine-tune a
stable 0O management and development model
that addresses these shortcomings. Our method is
now being used by several organizations that man-
age internal and multipartner Esprit projects. On
these projects, the method has predicted final ef-
fort with errors lower than 10 percent, satisfying the
project organizations’ early-defined quality and
company requirements. We obtained these results
by facilitating strong collaboration among team
members and increasing gratification and motiva-
tion according to the lessons and guidelines 've de-
scribed. Other, longer-term benefits have resulted
from our approach as.well. For example, some team
members have exhibited a growing capability to
manage projects after they participated in a project
using our method, which distributes management

S

tasks more evenly across the team hierarchy. <
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