PLANNING AND SCHEDULING
SOFTWARE DEVELOPMENT PROJECTS

DALE H. FAWCETT
Simulator Systems Engineering Department
Goodyear Aerospace Corporation
Akron,

INTRODUCTION

The planning and scheduling of
the resources for a project is one of
the most c¢ritical activities for the
success of a project. It is neces-
sary for management to spend consid-
erable time on this activity for a
Targe software development project.
This time is well spent as good plan-
ning and scheduling is a requirement
for a successful project. The sched-
ule, together with a2 reporting scheme,
ensures that the project is progres-
sing as expected or quickly informs
management if it isn't. The sched-
ule provides a primary communication
channel between the technical and
managerial personnel. The schedule
must, therefore be correct and meaning-
ful to both the technical and manager-
-ial teams. The monitoring of project
progress when compared to the schedule
informs management of the project sta-
tus. If problems deveiop, management
can be quickly informed so that cor-
rective action can be initiated. The
plan and schedule provides a specific
guideline for the technical personnel
to assist in visualizing the relation-
ship of specific tasks to the total
project.

To accomplish effective software
planning, a set of three schedules
must be generated. These schedules
are an activity network of tasks, .a
Gantt chart of personnel resources
utilization and a table of computer
resource utilization. The project
planning and scheduling is accom-
plished in the following steps:

Define and estimate tasks

Generate task activity network and
schedule

Generate personnel and computer
resources schedules

Update activity network with
resource utilization data

Verify the interactions of the three
schedules.
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“cribed.
ject can then be accompliished.

Ohio

Many projects have had a good
plan and schedule of tasks to be ac-
complished and have failed to be com-
pleted on time. One of the causes of
this failure is the lack of a resour-
ces utilization schedule which is in-
teractive with the task schedule. The
1imited personnel and computer re-
sources must be carefully accounted
for in the overall project plan. The
planning and scheduling method must,
therefore, account for the character-
istics of software development and the
interaction of Timited resources upon
the task schedule.

The plan must also bhe flexible to
accommodate schedule adjustments dur-
ing the project caused by inaccurate
estimates or unexpected events,

The planning of a software devel-
opment project begins with defining
the tasks to be accomplished. Then
estimates of the resources for each
task are made. Finally the interde-
pendencies of the tasks must be des-
The scheduling of the pro-
The
schedule must account for the tasks
and utilization of the resources. As
the project progresses, the plan and
schedule must be modified if necessary
to reflect the project status and any
new developments.

TASK DEFINITION

~ Based on the functional and de-
sign requirements of the system, the
software design can be established.
Using a "Top Down Technique,” the
software is decomposed into hier-
archical tasks each of which can be
clearly defined. The decomposition
process consfists of subdividing each
task into the next Tevel of detail.
Each task at the Towest level of de-
tail consists of specific actions such
as design, code, debug/test or inte-
grate for each distinct program en-
tity. The Tevel of decomposition s
of course variable, dependent upon the
overall project. This level must be




detailed enough to provide a capabil-
ity of timely monitoring. If the

task breakdown is at too high a level,
the project could be significantiy
behind schedule before management is
informed. If the level of decompesi- --
tion is too low, the planning, sched-
uling and tracking of progress be-
comes an unmanageable task because of
the excessive paper work. Basically,
the level of decomposition should
provide visibility in the time frame
of the schedule for progress report-
ing to management. For example, if
management should be made aware of
progress on a bi-weekly basis, then
specific tasks should have a duration
of from one to four weeks. ' This Tev-
el of decomposition should not be a
burden of record keeping and should

be adequate for management to see and.
react to problems so that corrective
action can be taken in a timely fash-
ion. In a large project with several
levels of management, different sched-
ules oriented toward each hierarchical
Tevel of tasks may be required.

During the planning stage, all
tasks must be anticipated because
errors of omission can be at least as
costly as errors of commission. It
becomes very difficult and costly to
have to add unplanned-for tasks after
the project has progressed downstream.
A careful top-down analysis of the -
problem should define all necessary
tasks at the beginning. Extra atten-
tion must be given to tasks and pro-
grams which are required to support
the main effort. These secondary
tasks are frequently omitted from the
original plans for projects, but they
must however .be performed, and will
require ‘both personnel and computer
resources. Because of the dependence
of main programs on the support pro-
grams, support programs must be com-
pleted prior to the main programs.
Therefore, accounting for the support
programs at the first stades of de-
sign is very important.

ESTIMATING

Each of the tasks should be
identified and cleariy defined so _.
that a valid estimate of the required
personnel and computer resources can.
be made. With inaccurate estimates,
rescheduiing will be done frequentiy
as the project continues until valid
estimates are made. This activity
prevents management from clearly
seeing what is happening and from
making rational decisions. Estimates
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are not perfect, but they must be
reasonably good for a plan and sched-
ule to be effective. Methods of esti-
mating software are quite varied. —
Estimating methods range from the use _ .
of accurate records on previous pro-
jects to uneducated guesses. Speci-
fic techniques for estimating are be-
yond the scope of this paper, but it
is assumed that the estimates are de-
rived from the best ava11ab1e tech- .-
nique. S

The estimating should be made in
a bottom-up fashion. The lowest level
tasks are estimated first because they
have the most specifically defined de-
tails. These estimates are then sum-
med to provide the estimates for
higher level tasks and the. total pro-
ject. 'The bottom-up estimate should
be verified by comparison with another
estimate such as a top-down estimate.
A top-down estimate is generated by
evaluating the total project effort
in size and complexity by comparison
with previous projects. Each specific
task should be estimated in person

‘days or weééks and computer resources

in hours required per week. The per-
sonnel resources estimate must in-
¢lude the number and type of person-
nel required and account for training
or familiarization time needed. The
task estimate will indicate the time
required for each person and the total
task duration. The computer resources
estimate must include CPU time, termi-
nal use time and any other sign1f1cant
resources.

Once these estimates are made,
they should not be modified unless .
the modification can be justified by
new data affecting the estimate. 1t
is assumed that the most reliable
method and information available was
used in the generation of the esti-
mate. It therefore, does not make
sense Lo shorten the time required to
accomplish a task even if a resched-
uling causes it to start late and
someone wants it to complete on time.
This activity of trimming a valid
estimate has led to many panics be-
cause a project appears to be on
schedule until the end and suddenly
is far behind. However, 1f new valid
information affects the estimateée and
the change 1s justified, it should
certainly be made. Deliberately ig-
noring valuable information which
causes a change to original estimates _
seldom Jleads fto success. "For a plan
and schedule to be a useful tool, it
must be maintained as accurately as
possible.



NETWORKING

Programming is an activity
oriented process, consisting of actiy-
ities such as.desian, code, debug/
test, and integration. There is not
necessarily a unique event occurring
at the termination of each activity.
Thus, it is more appropriate to con-
sjder the activities than the events
such as completion of documents. The
task schedule must, therefore, be an
activity oriented schedule.

Anather important characteristic
of software development is the inter-
dependency of the activities. The
tasks for each module must be per-
formed in a designated sequence and
one task cannot be started until
another is completed., The various
design levels, coding, test/debug, and
system integration tasks must be ac-
complished in a chronological se-
quence., There is also an inter-module
dependency. Because of the top-down
design and testing technique, certain
modules must be completed and inte-
grated before others can be integrated
into the system. This characteristic
or interdependency reguires that the
scheduling technique must be a neiwork
type so that the interdependencies of
the tasks and the effects of one event
on successive tasks and the overall
project can be visualized,

The e¢vitical path method (CPM)
is ideally suited for software plan-
ning and scheduling. CPM is an ac-
tiyity oriented network technique.
This enables CPM to show the inter-
dependencies of the software tasks.
CPM provides the calculation of float
times in the paths and determination
of the critical path, the one with
zero float time. This capability
provides management with the rapid
view of the critical tasks which must
be monitored more clasely.

After all the tasks have been de-
fined, the next step is tg lay out the
complete network of tasks based on the
interdependencies using CPM. This
network plan must also indicate the
effects of tasks external to the soft-
ware. The availability of hardware
or software from other activities
must be indicated. Similarly, if a
software task affects other activi-
ties, it should be indicated on the
netwaork. This helps to ensure that
proper communication between major
activities of a project is maintained.
If changes must be made to a project's
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schedule, the effects of this on

other activities of the project must
be considered and the manager of those
activities informed. Figure 1 pre-
sents a sample of a software network.

The generation of a network chart
should be clearly labeled, easy to
read and Tollow basic guidelines pre-
sented by 0'Brien® to ensure its us-
ability. If it fails to conform to
these guidelines, it will be quickly
discarded as useless.

RESQURCES UTILIZATION

~time required for one person.

Another characteristic of a
software project which complicates
the schedufe and control activities
is the interactions of the finite
resources with the task schedule.
The two primary resources are the per-
sonnel and computer time. The failure
to realize the interactions of finite
resources with the task schedule has
led to severe difficulties in many
projects.

Because of the nature of software
development, personnel cannot be ran-
domly reassigned to tasks on the sched-
ule. There is a training and familiar-
ization time required to accomplish
the task correctly if a new person is
assigned to a new task. It is also
often more difficult for several in-
dividuals to perform the same func-
tion on the same task simultaneously.

-Because of the intercommunication re-

quirements, three people cannot ac- .
compiish a task in one-third of the
Another
effect of 1imited personnel is that
when one programmer is delayed on a
task, the successive tasks for which
he has been scheduled will be delayed,
possibly affecting the overall projeci
schedule. This effect 1s not directly
visible from the scheduTe of tasks
only.

‘The computer time resource can
seriogusly affect a project schedule.
If the computer becomes overburdened,
the turnaround time is adversely
affected which can Tead to._delays in
task completions. All of the computer
resources must be accounted for in the
scheduling including terminals and
keypunching facilities because any in-
adequate resources can produce a de-
Tay. In systems such as simulators,
in addition to program deveiopment,
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the computer test-bed time to inte-
grate the software and hardware is
extremely important in scheduling.
Projects have reached the final stages
before it was discovered that 48 hours
of computer time was required per day
to complete the project as scheduled.
This led to serious delays from which
there was no possible recovery. It is,
therefore, necessary to ensure that the
task schedule does not cause an over-
run of the avaiiable computer resour-
ces. Thus,the scheduling technique
must initially account for the utili-
zation of rescurces and their inter-
actions with the tasks.

SCHEDULING

Having networked the tasks, we are
ready to generate the schedules for
the project. The task time estimates
are added to the network and the path
times are computed. These estimating
times should be in whole units of days
or weeks as smaller units are not sig-
nificant for large software projects.
The estimated task duration times are
used to compute start and end times
for each task, and from that, the
float times of each one. The path
with zero float time is the critical
path and the length of this path is
the minimum time to complete the pro-
ject. The critical path is compared
with the required completion time of
the project. If a conflict exists
with the time required being greater
than allowed, it must be resolved at
this time. Either the project com-
pletion time must be increased or the
network plan must be modified. After
this conflict is resolved, the re-
sources schedules can be generated.
The personnel resources scheduie con-
sists of a series of Ganitt charts or
a table of times indicating each per-
son, their assigned tasks, and the
times during which they are working on
these tasks. This information can
then be fed back into the network to
schedule the tasks and float times on
the noncritical paths. The utiliza-
tion of specific personnel for salec-
ted tasks may affect the overall task
schedule. Indications of this effect
should be entered on the network in
the form of dashed T1ines with appro-
priate labels indicating that certain
tasks cannot begin until the personnel
have complieted other tasks and are
available. This additional informa-
tion may aid in the quick assessment
of the gffects of possible changes io
the schedule. The effects of person-
nel scheduling may even change the
critical path of the project.
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This phase af the process may re-
veal that more personnel are required
during certain periods or that some
personnel have periods with no desig-
nated tasks. If it is fourid that these
schedules are incompatible, then ad-
justments must be made either in the
task personnel assignments or the task
network. Several iterations of adjust-
ments to the network and personnel
schedules may be required to obtain
the desired schedules. Ffigure 2 pre-
sents a sample personnel] schedule.

Once the task and personnel
schedules have been satisfied, the
computer resources schedule can be
generated. This operation can he per-
formed simultaneously with the person-
nel schedule, but it becomes more com-
plicated i1f done manually. This sched-
ule will indicate computer resource
requirements by task on a weekly basis.
This schedule must account for the
type of system to be used. For ex-
ample, if on-line terminals are to be
used, the terminal usage %times must be
evaluated in addition to total com-
puter time. Based on these inputs,
the total computer resources can he
computed for each week. This schedule
can then be evaluated to determine if
there are sufficient terminals avaiil-
able, or how many shifts the computer
must be run and if there is sufficient
computer power available. If the
schedule shows a2 requirement for more
than 168 hours of computer usage per
week for the last few weeks, then
e{ther a second computer is required
or the schedule requires adjustment.
Failure to plan for computer resources
has been the downfall of many projects.
Suddenly at the end of the project,
everyone wants computer time and there
isnft sufficient time available. The
project which was on schedule is sud-
denly delayed significantly just be-
fore completion. This tragic happen-
ing can be avoided through proper plan-
ning of resources at the beginning of
the project. Figure 3 presents a sam-
ple computer resources schedule.

This scheduling process can
be automated by using a computer
program. The program can compute
the critical path and verify that
the resources are utilized effec-
tively. The task assignment and
network plan must, however, be
perfaormed manually because of the
subjective nature of the decisions.
The program cannot know task inter-
relationships and which person can
effectively perform which tasks; and
random task assignhment is not advised




WEEK 1 2 3 4 5 6 7 8. 9 10 11 . 12 13 i& 15 16 17 18 19
Person 1 (Design A & B [
L 1
| Code A '
L} L1
'Té'StA {
:Infegrate A& B !

Person 2 F_Jgggg_g___4

Test B f .

' ' Integrate A & B
Person 3 %E}t hardware \
Manpower 1 1 1 1 1 1 2 2 2 2 2 1 1 1 i 1 1 i

Figure 2. Personnel Resources Schedule

WEER 6 7 8 9 10 11 12 "13 14 15 16 1718 19 i
Design A & B
Code A 5 160 15 5
Code B 5 5 10 i}
Test A 5 10 10
Test B 5 5 10
Integrate A & B 5 10 15 15
Integrate A & B
with hardware 10 10 . 10
Total Time 5 15 20 15 10 15 ~ 20 5 10 15 15 10 10 10

Figure 3. Computer Resources Schedule
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because all personnel are not equal in
ability and experience.

The network schedule can be
easily oriented toward calendar time.
This revised schedule can account for
vacation, holiday, and weekend times
and provide task completion calendar
dates. After the initial schedule has
been generated, the calendar start
date and Qime off days can be factored
in resulting in a calendar oriented
schedule such as in Figure 4. This
information can be entered into the
network chart resulting in a chart as
presented in Figure 5.

On a large project, there may be
several levels of managers for the
software project. These individuals.
have differént levels of interest in
the progress of the project. There-
fore, different Tevels of the task
network can be generated corresponding
to the top-down hierarchy of tasks.
This capability provides each manager
with a reasonable schedule for moni-
toring project progress without un-
necessary details, applicable only to
the Tower level manager.

PROGRESS MONITORING

Once the task network and re-
sources schedules have been compieted,
they can be used to monitor the pro-
gress of the project. It is important
to remember that the plan and sched-
ules are based on estimates. The
schedule serves as a guide but is not
perfect. As the project proceeds,
changes may be required in the sched-_ .
ule and plan. Therefore, they must be
flexible, and it must be possible to
jmpiement changes. Very small devia-
tions may be ignored because the ef-

deviations occur, management can
quickly react to accommodate the
changes. As long as no significant
schedule deviations exist, management
can devote its energies te other pro-
jects which require assistance. This
management-by-exception is highly de-
pendent upon the belief that the
.schedule is accurate and that the re-
porting of progress is true.

Progress reporting should be
highly objective and not subjective.

) Although the project is activity ori-

:,qf the time.

fort involved in documenting the sched- -

ule change is significant. A task
which deviates from schedule by one
week out of 10 or 20 should not cause
a schedule update as the estimate may
be off by 5 or 10% which could nuilify
the deviation. Of course, the deci-
sion to regenerate the schedule is
subjective and noe hard and fast rule
can be made. Major changes affecting

"~ very complex task.

schedule must lead to a rescheduTe pro- ~

cess. If the changes affect the re-
sgurce estimates, new estimates must
be generated and used to update sched-
ules. The task network, personnel and
computer resources schedules must all
be updated and verified for compati-
bility. The schedules can then be
used by management to track the pro-
ject progress. When significant

~reduced through

~computer resources.

ented, each activity must be clearly
defined so that it can be easily seen
when it begins and ends. This fis

essential so that progress reports do

not indicate 90% completion for 50%
The person reporting the
status must be able to produce visible
evidence of task completion such as a
Tisting or document which can be
easily evaluated. The Towest Tevel
tasks are considered to be zero per-
cent complete until they are 100% com-
pleted. This policy avoids subjective
and often meaningless status reports.
The short duration of these tasks ac-
complished through the heirarchical
decomposition makes this method of
status reporting possible.

Accurate records of the progress.
and exact resource expenditures should
be maintained.
actual personnel and computer resource
expenditures can be part of the pro-
gress monitoring activity. If a re-
scheduling occurs, the old schedule
shouid be fiied and not discarded.
When the project is complete, this

_data base can then be used for eval-
uating the overall project accomplish-
ments and for fufure estimating and
planning activities, Whether the pro-
ject follows the original schedule or
not, the colilection of this data is
very useful for future reference.

 CONCLUSION

A Targe software project is a

~ The problems of
managing such a projeci can be greatly
1 proper planning and
scheduling of the tasks, personnel and
One of the keys
to successful scheduling is to con-

sider all of these items simultaneous-
"1y to account for their interactions,

and the interdependencies of the var-
jous software tasks.

_ for task planning and scheduling,
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Gantt charts for personnel resources
and a table of computer resources

Using a network

The data collection of .
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