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Abstract

The pur%)ose of measurement programs is to effectively improve the software engineering

methodol

ies followed in an organization. However the potential impact of measurement on the

0
practices c_)? industrial software development has not yet been fully recognized.

In this paper

we strive to generate a metrics plan that satisfies the requirements of the

Software Engineering Institute (SEI) Capability Maturity Models Integration (CMMI) Level 11
gods partialy as well as meets any organizational goals. This plan covers only two process

areas, ' Proj
of CMMI.

Monitoring and Control’ and ‘ Process and Product Quality Assurance’ of Eevel I

This paper starts with an introduction to the CMMI and the two process areas, addressed

above, for which we have defined a metrics plan. A brief introduction of the GQM (Goal

uestion Metric) aEproach, used in this paper to define metrics, is also given. The ‘Metrics
or

ogram’ framew:

that is used in this paper to generate the metrics plan is described followed

téy a complete ‘Metrics Plan’ which includes GOM Anayss, Metrics Definition, Data
ollection, Data Analysis and Reporting. At the end we have mentioned some of the work that

we intend to continue in future.
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1 I ntroduction

11 CMMI Overview

Capability Maturity Modd Integration (CMMI)
models provide guidance to use when
developing processes. CMMI models are not
processes or process descriptions. The actua
processes used in an organization depend on
many factors, including application domain(s)
and organization structure and size. CMMI
model typically do not map one to one with the
processes used in an organization. And this one
big misconception that it is solution for every
thing so implement CMMI components without
taking care of what is required.

Organization can use a CMMI model to help
set  process-improvement  objectives  and
priorities, improve processes, and provide
guidance for ensuring stable, capable, and
mature processes. A selected CMMI model can
serve as a guide for improvement of
organizational processes.

Professional judgment is required to interpret
CMMI practices. Although process areas depict
behavior that should be exhibited in any
organization, al practices must be interpreted
usng an in-depth knowledge of the CMMI
model being used, the organization, the
business environment, and the circumstances
involved and there are no hard and fast rulesto
interpret the CMMI. [7]

The components of aCMMI model are grouped
into three categories that reflect how they are to
be interpreted:

& Required: Specific goals and generic goals
are required model components.

# Expected: Specific practices and generic
practices are expected model components.

& Informative: Sub practices, typical work
products, discipline amplifications, generic
practice elaborations, goa and practice
tittes, goa and practice notes, and
references are  informative  mode
components.



The genera information is as follows:
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Figure L CMMI Structure

There are multiple CMMI models available, as
generated from the CMMI  Framework.
Consequently, but initially there are four
purposed models (bodies of knowledge):

& Systems Engineering
&  Software Engineering
& Integrated Product And Process

Development
& Supplier Acquisition
There aretwo CMMI modd representations.

&  Continuous Representation
&  Saged Representation

CMMI modél structure is shown in figure 1.

There are five maturity levels for staged
representation as shown in Table 1:

Maturity
Level

Staged Representation Maturity
Levels

Initial

Managed

Defined

| W[N| -

Quantitatively Managed

Optimizing

Tablel: Maturity Levelsfor Staged CMMI

And there are six capability levels for
continuous representation as shown in Table 2:

Capability
Level

Continuous Repr esentation
Capability Levels

Incomplete

Performed

Managed

Defined

Quantitatively Managed

OB W[N] O

Optimizing

Table?2: Capability Levelsfor Continuous

CMMI
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There are 25 process areas organized in staged In continuous representation, Process Areas are
representation as shown in Table 3. organized under process categories as shown in
Table 4.

Level Focus Process Ar eas

5 | Optimizing Continuous Process Improvement Quantitative Project Management
Organizational Innovation and Deployment

4 | Quantitatively Quantitative Management
Managed

Organizational Environment For Integration
Organizational Process Performance
Causal Analysis and Resolution

3 | Defined Process Standardization Requirements Development
Technical Solution
Product Integration

Verification

Validation

Organizational Process Focus
Organizational Process Definition
Organizational Training

Integrated Project Management For IPPD
10. Risk Management

11. Integrated Teaming

12. Integrated Supplier Management

13. Decision Analysis And Resolution

©CONOURWNERIWN RPN R

2 | Managed Basic Project management 1. Requirements Management

Project Planning

Project Monitoring and Control
Supplier Agreement Management
Measurement and Analysis

Process and Product Quality Assurance
Configuration Management

Nookrwd

1| Initial

Table 3 Process Areas organized under maturity levels for Staged CMMI

Category Process Areas

Process 1. Organizational Process Focus
Management Organizational Process Definition
Organizational Training
Organizational Process Performance
Organizational Innovation and Deployment
Project Planning

Project Monitoring and Control
Supplier Agreement Management
Integrated Project Management
Risk Management

Quantitative Project Management
Requirements Management
Requirements Development
Technical Solution

Product Integration

Verification

Validation

Configuration Management

Process and Product Quality Assurance
Measurement and Analysis

Causal Analysis and Resolution
Decision Analysis and Resolution

Project
Management

Engineering

Support

ORONRPOOEON PO RWNEIOR 0N

Table4: Process Areas organized under process categoriesfor ContinuousCMMI
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The continuous representation uses capability
levels to measure process improvement, while
the staged representation uses maturity levels.

1.1.1 Maturity Level 11: Basic Project

M anagement

The Repeatable Level (Leve 1) has notion to
develop the policies for different software
projects and to develop the procedures to
implement the policies. Usually, old projects
experience is used to plan and manage the new
similar projects. Basically, it is an objective of
level 11 to repeat successful practices based on
earlier projects to manage new similar projects,
athough practices may differ in nature but
managing style may apply to al similar
projects. An effective process can be
characterized as practiced, documented,
enforced, trained, measured, and able to
improve.

Project Monitoring and Control (PM C)

Project monitoring and controlling is required
to put the project on right track, with out proper
tracking, the risk of project failure raises very
high. Normally, monitoring is done with the
help of project plan, project plan is the basdline
of scheduled work and it is likely compared
with actual. In comparison of schedule with
actual, we not only compare the task status
according to their dates but we also measure the
status of other resources i.e. cost, time,
resources and effort etc.

The project plan covers al other plans i.e
development plan, management plan, quality
assurance plan, configuration management plan
etc. The plan should be comprehensive and
detailed. When actual status deviates
significantly from the expected vaues,
corrective actions are taken as appropriate.
These actions may require re-planning, which
may include revising the origina plan,
establishing new agreements, or including
additional mitigation activities within the
current plan.

Process and Product Quality Assurance
(PPQA)

Software Quality Assurance intends to provide
management with appropriate visibility into the
process being used by software projects and of

the, products being built. Thiswill determine as
to whether the software project is adhering to

its established plans, standards, and procedures.

The software quality assurance process will be
implemented during the early stage of a
software project to establish plans, standards,
and procedures that will not only add value but
will also satisfy constraints of the project using
policies. The software quaity assurance
Process intends to fulfill the project's needsand
verifies that it will be usable for performing
reviews and audits throughout the software
development life cycle by software quality
assurance group.

12 Goal Question Metric

The Goad Question Metric (GQM) was
developed to create a goa-oriented approach
for the measurement of processes and products
in the software engineering. The GQM has top-
down approach to define the goals to focus on
key objective of software process and product
and using these goals to measure (or defining
metrics for) processes and products. The GQM
additionally supports a bottomup approach to
interpreting data based on the previousy
defined goals and questions. [8]

GQM has three major parts.
& Goal

& Question

& Metric

Goadl is further divided into sub parts:
Object

Purpose

Quality Focus

Viewpoint

& Environment

&
st
st
sl

A single goal plus the sets of questions and
metrics that provide an operationa definition of
that goa, is cadled GQM Modd or Q\GQM
Plan. A GQM plan documents the refinement
of a precisely specified measurement goal viaa
set of questions into a set of metrics. Thus, a
GQM plan documents which metrics are used
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to achieve a measurement goa and why these
are used - the questions provide the rationale
underlying the selection of the metrics. On the
other hand, the GQM plan is used to guide
analysis tasks because it documents for which
purpose the respective data were collected. [4,
g

When coupled with a GQM Pan, a
measurement plan specifies who collects the
data required by the GQM Plan, how the dataiis
collected, and when the data must be collected.
A measurement plan usualy includes the data-
collection forms as well as descriptions of tools
that perform online data collection.

2 THE METRIC PROGRAM

We have chosen a well defined framework for
measurement. The details of metric program,
what we have followed, are given below:[9]

21 Documenting the Softwar e Process

In this modern age today we live in one
Universe, one World and working together in
different organizations with different cultures.
The foremost advantage of the metric program
is focus on the software process of an
organization typicaly with the concern that
while developing the software the organization
complieswith the documented processes.

Goals

Considerations for Choosing the Goals

Development Process Improvement

Vet

-

&

To confirm with some specified standards
(e.g. CMMI, ISO etc.)

To increase maturity level with a certain
standard (e.g. CMM, CMMI etc.)

To increase the efficiency and output of staff
within the same resources

Improvement in Software Estimation

&

To be more accurate with the project
proposals

To be accurate with project budgets

To be accurate with project schedule

To be more profitable

To ignore requirements volatility

To minimize any possible risks

Improvement in Project Tracking

Rk R &R &

&

To timely predict the need for corrective
action

To ensure the conformance with some
already specified standard

Minimize the Time for Software Development

R &

To ensure timely delivery of products
Minimize the time for maintenance or
production of a software product

Minimize the Cost for Software Development

To ensure the delivery of any software
product within budget

To increase the profitability, in monetary
terms, in software development

Software Quality Improvement

To ensure that the software products comply
with the end user requirements

To minimize bugs

To minimize the time being wasted in any
rework

Improvement in Software Performance

To ensure that maximum performance goals
are met

To reduce in
requirements

hardware performance

Increase Productivity

To bring in stability in staffing levels

Table 5: Process Goals and Considerations
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Thus he metrics program may aso help in
software process improvement efforts. To bring
consistency within our work environments, we
need to define and document the software
process formaly so that it is followed
uniformly across al the projects which most of
the organizations do in a Quality Plan. Once the
software process is defined, documented and
being followed we can easily and consistently
find data across all the projects.

Here we would like to mention that, we have
presented any process for documentation as we
are considering the generic processes defined
by CMMI and aso we suppose that the
organizations that are launching metrics
program with the target for achieving CMMI

standardization will like to consider such work.

22 State the Goals

For generating a metrics program we need to
have a set of goals as the goal's specify our aim
for generating a metrics program. Normally the
software organizations may have some or all of
the many goals mentioned in Table 5. Aswe
can see that most of the goals mentioned in
Table 5 is closely related and thus more or less
similar data will be required to satisfy these
goals.

For achieving a goal we have got our own
motivations and objectives such that if our
objectives are achieved then the specified goals
are sdtisfied automatically. Since we are
working only for the Project Monitoring and
Control and Software Quality Assurance
process areas of CMMI, therefore, we will just
consider the specific goals, defined by SEI, for
these process areas.

Normally for a metrics pogram, the goals are

well documented and explained in the “Metrics
Program Description” document.

2.3 Define Metrics Required to Reach
Goals

At this step we have to analyze the goals that
we have specified in step2. Based on the
analysis of the goals and by following the
GQM (God/ Question/ Metrics) approach, we

come forward with a set of questions to address
every god. To answer these questions, we have
to determine some specific metrics on which

our program will be based.

The proposed metrics should be smpler in the
beginning just to take a start with the metrics
program and later more sophisticated and
complicated metrics can be determined but at
every stage the metrics must be redidic
enough, to be andyzed and for whom we can
collect data, to answer these questions properly
and efficiently.

Here we will like to mention that the selection
and definition of right metrics is a very risky
task to be done as if those metrics are under use
which do not redlly target our goals, then sheer

time and resources being used to determine
their vaue ae wasted without much of

productivity.

24 I dentify Data to Collect

Since we have now come up with aset o logica
metrics, therefore, we now need to collect
meaningful data for each and every metric.
Data collection procedures and methodologies
are explained in details in another section. We
have aso explained what is the valid form of
data to be collected and how it should be
collected and finally how should it be stored.
Following the mentioned practices and
methodologies, any software organization can
collect data and store it in some repository
preferably a database and then will useit for its
metrics program.

25 Define Data Collection Procedures

Of course it is impossible to devise data
collection procedures that are practicaly
applicable to any software organization.
However, since we have not collected any data
by oursdlves, in this section we will explain
some general data collection procedures and
guidelines that can be customized according to
the needs for collecting data from any
organization.

The general guidelines for collecting the data
areasfollows:



How to collect data:

While collecting data we need to take care for

its origination and also a what stage the data

was collected by the measurement team. Here,

if the collected data comes out to be the output

from some tool or an automated procedure, it's

more secure to take care of the following

points:

& Where are the tools found?

& Who keeps the tool in running order?

& How to get data from the tool? and

= Where are the methodologies about the
usage of tool documented?

When the data is collected:

We need to take care that, we formally

document every exact point a which we have

collected the data.

Formally identify, who is responsible to

collect data:

For security purposes we formally need to

identify; who collected the data, stored it in

metrics database and transformed it to complex

metrics, along with the data actually collected.

Wherethe collected dataisstored:

All the means of data storage that are being

used are identified. These may include emails,

forms, documents as well as the name and

location of metrics database.

Ensurethe validity and correctness of data:

We have to make sure that the data being

collected is consigtent all over and aso need to

have procedures that help deding with

erroneous data.

So far we have been with the overview of the
data collection procedures. In the coming lines
we will look into these procedures in more
details. Here, we will like to add that while
following these procedures in practice, we need
to take care that the data collection
methodol ogies must be simple otherwise it may
grow practically impossible to collect any datal

26 Assemble a Metrics Tool set

To, ease the process of data collection for
metrics we need to have an effective tool.
Selection and use of an effective toolset
compliments the effectiveness of the metrics
program. The selected software tool should be
user friendly, should be simple and rich in

functionalities and preferably should be
platform independent.

Many professonal tools are commercialy
available for different data groups that we have

once identified in the above step.

Although there are many tools that are
commercialy available for data collection but
we have just make use of two tools: Microsoft
Word and Microsoft Excel. The reason for their
selection was that these tools are not only
professiona and user friendly, as they equipped
with help at every step, but aso they these are
general purpose tools, smple and help
collecting many types of data.

2.7 CreatingaMetrics Database

If we look into the processes of an organization
and try to collect data for metrics then naturally
we haveto look across al the projects. Thuswe
will come up with a very large data set which
needs to be stored in same metrics database.
The database should comprise of the following
characterigtics:

& Database should be easy enough in use
typicaly in terms of adding or updating any
data set.

& The structure of database must be flexible
such that if new data is collected br the
metrics then it’'s easily accommodated.

& The database must not be troubling in case
interfacing with multiple tools is required.
If the database can conveniently interface
with different kind of tools then its
expected that the consistency of data is
maintained across the organization.

& The database must have got a professional
reporting facility in it.

& The database must also provide the users
with large storage capacity so that the
historical data can also be maintained.

& The database must avoid data redundancy,
that is, it should support facilities like the
concepts of foreign key etc.

& It should also be equipped with security
features, that is, should provide users with
the restrictions to use only that part of data
which is assigned to their roles.
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Other than the basic features of the databases
mentioned above, the database may aso
provide users with facilities like data
distribution etc. based upon the requirements.
Two most commonly use data storage facilities
are databases and spread sheets. Although the
spreadsheets provide the users with a very
friendly interface and aso it is in expensive in
use but databases are effective for handling
very large data sets and thus provide us with an
effective and long lasting solution.

Based upon the level of the metrics program
(that is, whether it'sabasic level program or an
advanced level program), its future
considerations and above al depending upon
the size of the organization for which we are
working we have to select some very

appropriate tool based upon our fair judgments.
Since we have not collected any data from any
software organization, therefore, we are not
usng any of the above mentioned
methodologies for data accommodation.

2.8 Define the Feedback M echanism

So far, the following tasks must need to be

carried out:

& We have got dl the information in an
organized manner and the information is
also presented to al the staff such as to
ensure that the information is authentic and
correct.

& We have received recommendations for
process improvement from within the staff.
These recommendations are then analyzed
and prioritized and finally selected to bring
inuse.

& Changes and enhancements in process are
defined, documented and brought to
practice.

&5 Metrics program is generated and tracked
for our godls.

& Once the metrics program is successful, we
can later revise the program with better and
more advanced revised goals.

A proper feedback mechanism which is comes
to be with minima communication gap and is
liberal in nature assures the stake holders that
al information is communicated in a pretty

proper way and that the metrics program is
initiated in aright direction.

For making the metrics program run, the data
related to metrics is tabulated and presented in
a useful format. Other than this the data can be
presented to all the stakeholders through
organized presentations. The results that we get
from the metric program can be presented in
one of the two agreed upon ways.

& Reports

& Presentations

Reports are supposed to be more forma and
detailed than a presentation with the focus on
the pre defined goas. On the other hands,
through presentations we can just give an
overview of the work and not its details.
Through the meetings, more and more of data
can be further collected and authenticated. In
case we need to have huge amount of data then
there should be more of meetings as we can get
clues about the process customization only
through the data collected especialy by these
meetings. On the other hand, these meetings are
also useful to convey and discuss the changes
in processes for the organization.

As discussed above, the reports and generations
are prepared while targeting the gods,
however, the performance issues must be
considered dong with as to increase in
performance is one of the basic themes for
generating a metrics program.

Based upon the meetings for metrics review the
baselines need to be revised and redefined.
Based upon the baseline data we can access the
software development project a any stage.
Also on the basis of results being analyzed and
discussed we will try modifying our
development processes to target the goals more
effectively. The changes decided are
propagated and spread across the staff and
management by emails, memos or more
formally by meeting in order to make every one
aware of what is being decided and why. Every
body’s concerns, in this regard, must be
recognized and considered.
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With the advancements in the metrics program,
the goals will later be revised and prioritized
and thus of course new metrics will be required
to be collected. This all will be done by again
repeating through all the lengthy steps from 1
till the end.

Metrics program is a going strategy that needs
to be revised, improved and enhanced after
regular intervals of time. Thiswill for sure lead
us to a dage of continuous process

improvements which is a full world in itself.
And thisisjust the gart...

3 Metrics Plan

Our Metrics plan is based on the Measurement
Program discussed in the previous section. The
scope of the metrics plan is. Metrics
Identification, Data Collection, Data Analysis
and Reporting. [1, 2, 3, 4]

3.1 Goal, Question, Metric Analysis

As explained earlier, A GQM plan documents
the refinement of a precisdy specified
measurement goa via a set of questions into a
set of metrics. The GQM for PPQA and PMQA
are separately documented in Report of 65
pages.

3.2 Metrics|dentification

After coming up with metrics by doing GQM
analysis, the following find list of Metrics has
been identified along with the Description,

Data Group, Metric Type, Complexity and
Application Area of each metric.

321 Processé& Product Quality
Assurance

No. |Metrics Description (Measur es) Data Group Type Complex |Area
1 Training Variance [Planned no. of Trainings- |Requirements data |Indirect Low Process
Actual no. of Trainings /Derived
Measurement
2 Trainer Variance  [Planned no. of Trainers - Staffing data Indirect Low Process
Actual no. of Trainers /Derived
Measurement
3 Trainees Variance |Planned no. of Trainees - Performance data |Indirect Low Process
Actual no. of Trainees /Derived
Measurement
4 Evaluation Planned no. of Evaluations - [Performance data |Indirect Low Process
Variance Actual no. of Evaluation /Derived
Measurement
5 Work Products Actual N o. of Work Performance data |Indirect Low Product
Completion Ratio  |Products/Planned No. of /Derived
Work Products Measurement
6 Processes Actual No. of Performance data |Indirect Low Process
Completion Ratio |Processes/Planned No. of /Derived
Processes Measurement
7 Environment No. of Issues reported Performance data |Direct Low Process
Efficiency Measurement
8 Criteria No. of Planned Criteria Requirements data |Direct Medium |Process
Establishment Activities Measurement
Analysis
9 Criteria No. of criteria usage cases |Performance data [Direct High Process
Effectiveness/ Measurement
Usage
10 Evaluation No. of evaluation cases Vs |Project Indirect High Process
Deviation No. of criteria usage cases |managementdata |/Derived
Measurement




No. |Metrics Description (Measures) |Data Group Type Complex |Area
11 Non-Compliances |No. of Non-Compliances Defect data Direct Low Process,
Issues Measurement Product
12 Issue Analysis No. of Issues Vs No. of Performance data |Indirect Medium |Process
Efficiency Issue Evaluation Reports /Derived
Measurement
13 Corrective Action |No. of Corrective and Performance data |Indirect High Process
Efficiency Preventive Actions Vs No. of /Derived
Issues Reported Measurement
14 Planned Work No. of Planned Evaluation |Requirements data |Direct Low Process
Products Work Products Measurement
15 Criteria Variance Planned No. of Criteria Project Indirect High Process
Activities - Completed No. [management data |/Derived
of Criteria Activities Measurement
16 Work Products Planned no. of work Performance data |Indirect Low Product
Status products to evaluate Vs /Derived
Actual no. of evaluated work Measurement
products
17 Milestone Status |Planned evaluation Performance data |Indirect Low Process
milestones Vs Actual /Derived
evaluated milestones Measurement
18 Work Products Planned no. of work Performance data |Indirect Low Product
Status products to be evaluated in /Derived
progress VS Actual no. work Measurement
products evaluated
19 Services Status Planned no. of services to |Performance data |Indirect Medium |Process
be evaluated in progress VS /Derived
Actual no. of services Measurement
evaluated
20 Work Products Planned no. of services to |Performance data |Indirect High Product
Status be evaluated incrementally /Derived
VS Actual no. work products Measurement
evaluated
21 Impact Analysis No. of reported issues, No, |Project Direct Low Process
of solved issues, No. of un [management data |Measurement
resolved issues
22 Issue Resolution  |Average no. of resources  |Project Direct Medium |Process
Commitment assigned to each issue, No. |management data [Measurement
of unresolved Issues, No. of
escalated issues
23 Issue Resolution  |No. reported Issues Vs Performance data |Indirect Low Process
Efficiency Resolved Issues /Derived
Measurement
24 Issue Trend No. of similar Issues, No. of |Project Direct High Process
issues having similar management data |Measurement
solution
25 Stakeholder No of evaluation reports Vs |Project Indirect Low Process
Involvement No. of evaluations management data |/Derived
Measurement
26 Periodic reviews  |Planned no. of reviews Vs [Performance data |Direct/ Indirect [Low Process

Efficiency

Actual No. of reviews, No. of
open Issues reviewed

Measurement




No. |Metrics Description (Measures) |Data Group Type Complex |Area
27 Tracking Status No. of Issues with open Performance data |Direct Low Process
status, No. of Issues with Measurement
close status
28 Issue Reporting No. of status reports, No. of |Performance data |Direct Low Process
Effectiveness non compliance reports, No. Measurement
of deviation reports
Table 6: Process and Product Quality Assurance Metrics
3.22 Project Monitoring& Control
No.|Metrics Description (Measur es) Data Group [Metric Type Complex Area
1 [Number of tasks [Number of tasks = Total number of [Requirements [Direct Low Process
scheduled tasks data Measurement
2 |Variance in Variance in progress = (Number of  [Requirements |Indirect/Derived Low Process
progress planned tasks - actual number of data Measurement
tasks performed)
3 [Variance in time [Variance in schedule = (Number of  |Effort data Indirect/Derived Low Process
schedule planned man hours - actual number Measurement
of man hours spent)
4 |Variance in Variance in monetary resources = Financial data |Indirect/Derived High Process
monetary Variance in time schedule * average Measurement
resources cost per man hour
5 |Variance in work |Variance in work products w.r.t Performance |Direct Medium  Product
products w.r.t product = # of inconsistencies found |data Measurement
product between work products and product
6 |Variance in work |Variance in work products w.r.t. tasks|Performance |Direct Medium  Product
products w.r.t. =# of inconsistencies found between [data Measurement
tasks work products and tasks
7 |Variance in Variance in resources = (Number of |Project Indirect/Derived  [Low Product
resources planned resources - actual number of|management [(Measurement
resources) data
8 |Effect on internal |[Effect on internal commitments = Financial data [Indirect/Derived High Product
commitments Variance in time schedule * average Measurement
cost of a single man hour
9 |Effect on externalEffect on external commitments = Financial data |Indirect/Derived High Product
commitments Variance in time schedule * average Measurement
cost of a single man hour
10 [Number of Number of commitments = Total Project Direct Low Product
commitments number of commitments that have = |management [Measurement
been made data
11 [Number of Number of commitments due so far =|Project Direct Low Product
commitments Total number of commitments that |[management |Measurement
due sofar were supposed to be fulfilled so far |data
12 [Number of Number of commitments successful |Project Direct Low Product
commitments so far = Total number of successful |management [Measurement
successful sofar [commitments data




No.|Metrics Description (M easures) Data Group [Metric Type Complex |Area
12 [Number of Number of commitments successful |Project Direct Low Product
commitments so far = Total number of successful [management |[Measurement
successful so far |commitments data
13 [Number of Number of remaining commitments = |Project Indirect/Derived Low Product
remaining Number of commitments - Number of [management |Measurement
commitments commitments due so far data
14 |Total number of |Total number of risks = Sum[Nk(Ck)] [Estimation Indirect/Derived High Product
risks where, Nk = Number of risk factors |data Measurement
for commitment number k; Cis a
commitment whose index number is K|
and k is a constant whose value
ranges from 0O to the total number of
commitments
15 |[Number of risky |Number of risky commitments = Sum |[Estimation Indirect/Derived High Product
commitments of commitments where Nk > T data Measurement
where, T is a threshold value which
varies from project to project and
from schedule to schedule
16 |Number of Number of reviewed commitments = |Effort data Direct Low Product
reviewed Total number of commitments that Measurement
commitments have beenreviewed
17 |Number of Number of documented and reviewed|Effort data Direct Low Product
documented and [commitments = Total number of Measurement
reviewed reviewed commitments that have
commitments been documented
18 |Task Completion|No. of tasks with close status/Total [Implementatio |Indirect/Derived Low Process
Ratio No. of tasks n data Measurement
19 |Schedule No. of scheduled man hours - No. of |Effort data Indirect/Derived Low Product
Slippage/Estimatifactual man hours Measurement
on Deviation
20 |Work Product No. of work products with Performance [Indirect/Derived Medium |Process
Consistency inconsistencies/ Total no. of work data Measurement
Ratio products
21 |% of Expected |(Number of risks expected in the Estimation Indirect/Derived Medium |Process
Risks current phase / Total number of risks [data Measurement
estimated initially) *100
22 (% of Updated  |[(Number of risks modified / Total Estimation Indirect/Derived Low Process
Risks number of estimated risks) *100 data Measurement
23 |% of Incoming |(Number of incoming risks not Estimation Indirect/Derived Medium |Process
risks not communicated to stakeholders / Total|data Measurement
communicated tojnumber of incoming risks) *100
stakeholders
24 |[Difference in Planned number of reviews of work |Performance |Indirect/Derived Low Product
Planned and products - Actual number of reviews |data Measurement
Actual Work of work products
product Reviews
25 |Deviation in Planned number of project Baselines |Project Indirect/Derived Low Process
Project Baselines|- Actual number of Project baselines |management [Measurement
data
26 |Difference in Planned number of work products- |Requirements |Indirect/Derived Low Product

Planned and
Actual number of
work Products

Actual number of work products

data

Measurement




No.|Metrics Description (M easur es) Data Group |Metric Type Complex |Area
27 |Activity Reviews |(Number of activity reviews in which |Project Indirect/Derived Low Process
Conformance non-conformities are identified / Total /management |Measurement
(Work Products) [Number of reviews) *100 data
28 [Number of non- [Total number of hon -conformities Performance [Direct Low Product
conformities identified in the reviews data Measurement
identified (Work
Products
reviews)
29 |Percentage of  |(Number of meetings actually Project Indirect/Derived Low Process
Stakeholder conducted to review the activities/  |management [Measurement
Reviews Number of meetings planned with the |data
conducted stakeholders to review the status of
activities) *100
30 |Percentage of  |(Activities planned to finish but have |Performance |Indirect/Derived Medium |Process
incomplete not yet been completed / Total data Measurement
activities Activities that were scheduled to be
completed to date) *100
31 |Undocumented |Number of significant issues identifiedProject Indirect/Derived Low Process
Significant Issues|- Number of significant issues management [Measurement
(stakeholder documented data
reviews)
32 |Stakeholder Number of stakeholder involvement |Project Indirect/Derived Low Process
status review status review reports generated / management [Measurement
reports Number of stakeholder involvement |data
generation status reviews conducted
accuracy
33 [Percentage of  [(Number of high priority issues Project Indirect/Derived Medium |Process
High Priority identified in each review / Number of |management |Measurement
Issues issues highlighted in each review) data
(Stakeholder *100
status Reviews)
34 |Percentage of  |(Actual number of progress reviews |Project Indirect/Derived Low Process
Progress with project team / Planned number ofjmanagement |Measurement
Reviews progress reviews with project team) |data
conducted *100
35 |Percentage of Sr.|(Actual number of reviews with Project Indirect/Derived Low Process
Mgmt Reviews [srmgmt/ Planned number of reviews |management [Measurement
conducted with sr.mgmt) *100 data
36 [Percentage of [(Actual number of reviews with client /|Project Indirect/Derived Low Process
Client Reviews [Planned number of reviews with management [Measurement
conducted client) *100 data
37 |Effort estimation |Actual Effort expended on Effort data Indirect/Derived Low Process
Accuracy measurement activities / Planned Measurement
(Measurement |effort on measurement activities
Activities)
38 |Undocumented |Number of significant issues identifiedProject Indirect/Derived Low Process
Significant Issues- Number of significant issues management |Measurement
(Progress documented data
reviews)
39 |Undocumented |Number of significant deviations Project Indirect/Derived Medium |Process
Significant identified in the project - Number of |management [Measurement
Deviations significant deviations documented, i.e (data
corrective actions suggested and
preventive actions taken.
40 |Service (Number of changes implemented / |Implementatio (Indirect/Derived Medium |Product
Efficiency Number of changes requested) *100 |n data Measurement

(Change
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No. Metrics Description (M easures) Data Group Metric Type Complex |Area
41 Service (Number of problems fixed / Number |Defect data Indirect/Derived Medium  |Product
Efficiency of problems reported) *100 Measurement
(Problem
Reports)
42 Progress review Number of progress review reports  |Project Indirect/Derived Low Process
reports generated / Number of progress management Measurement
generation reviews conducted data
accuracy
43 Percentage of  (Number of high priority issues Project Indirect/Derived Low Process
High Priority identified in each review / Number of |management Measurement
Issues (Progress issues highlighted in each review) data
Reviews) *100
44 Percentage of  (Number of change requests Project Indirect/Derived Medium |Process
Assigned CRs  assigned to the developers / Total management Measurement
Number of change requests data
submitted) *100
45 Percentage of  (Number of change requests Implementatio Indirect/Derived Medium  |Product
Tested CRs implemented in the system and n data Measurement
tested / Total Number of change
requests submitted) *100
46 Percentage of  (Number of change requests tested |Implementatio Indirect/Derived Medium  |Product
UAT Tested CRs by the client/ Total Number of change|n data Measurement
requests submitted) *100
47 Number of Number of documented issues = Project Indirect/Derived Low Product
documented Number of reported issues + Number |management Measurement
issues of issues that have not been reported |data
48 Total number of Total number of corrective actions = |Project Direct High Process
corrective actions Sum[Nok(Ik)] management Measurement
where, Nok = Number of corrective |data
actions for issue number k;
| is an issue whose index number isk
and
k is a constant whose value ranges
from 0 to the total number of issues
49 Change in Change in internal commitments =  |Staffing data  Indirect/Derived Medium |Process
internal (Number of resources * Number of Measurement
commitments man hours per resource required to
document the actions) + (Number of
resources * Number of man hours per
resource required to implement the
actions)
50 Complexity of Number of resources * Number of Effort data Indirect /Derived  [Medium [Process
issue man hours required to resolve the Measurement
issue
51 Change in (Number of resources * Number of  |Effort data Indirect /Derived  [Medium [Process
internal man hours required to document the Measurement
commitments actions) + (Number of resources *
Number of man hours required to
implement the actions)
52 Change in Change in external commitments =  |Effort data Indirect /Derived  [Medium [Process
external (Number of resources * Number of Measurement

commitments

man hours per resource required to

dociuiment the actions) + (Numher of




No.|Metrics Description (M easur es) Data Group [Metric Type Complex |Area
53 |Variance in Variance in corrective actions = Project Indirect /Derived  |Low Process
corrective actions|Planned number of corrective actionsimanagement [(Measurement
- actual number of corrective actions |data
that produced
54 |Variance in Variance in corrective actions = Project Indirect /Derived  |Medium  [Process
resolved issues [Planned number of corrective actions [management |Measurement
- actual number of corrective actions [data
that produced desired results

Table 7: Project Monitoring and Control Metrics

3.3 Data Collection

Data collection is an important part of the
metric plan. This part has many referenced data
extracted from different research papers. The
detail of data collection is discussed below: [2,
3, 10]

3.3.1 Data Cadllection Procedure

Manual recording is subject to bias, error,
omission, and delay. Automatic data capture is
therefore desirable, whenever possible. In case
if automatic data capturing tool is not available
then we should do it manually.

A form should be sdlf-explanatory, alow aso
free-format remarks, and have pre-printed data
where possible (no-changing data).

3.3.2 Data Callection Scheduling
Procedure

It is essential that the data-collection activities
become pat of the regular development

process. Thus, it is helpful to compare a model
of the norma development process with alist
of desired measurements, and then map the
measurements directly to the process model. In
this way, if something needs to be measured
and there is no obvious place to collect data, the
process can be modified to enable
measurement.

3.3.3 Data Storage and Extraction
Procedure

Raw Software Engineering data should be
stored on a database. A database structure is
highly flexible and, provided the necessary
measurements have been recorded properly,

will permit the extraction of sets of refined data
for various kinds of analysis.

34 Data and Metric

There are many related data with every metric.
E.g. data groups, metrics type, complexity
level, process area etc. Related information is
discussed below.

341 DataGroups
There are many groups of data; groups help to
differentiate data for reporting purpose.
Different groups used in this research study are
given in the Table 10.

342 Metric Types

There are three types of metrics, as given in
following table. Direct metrics and indirect
metrics have been used in this research paper.

Types help in reporting purpose as shown in
Table 11.

343 Metric Complexity Levels

There are three levels of complexity for
metrics. Measurement should be started with

smple and less complex metrics.

The complexity levels are given in the Table
12.

344 Application Areas

There are two types of application areas for
metrics, metrics for a process, and metrics for a
product.
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Sr.No | Data Group Description
1 Estimation data Initial Cost And Schedule Estimation Data
2 Effort data Data Measuring Person Hours Worked
3 Staffing data Project staffing level data
4 Project management data Activity, Unit, And Task Status Information
5 Financial data Data Concerning Project Financials
6 Requirements data Project Requirements And Specifications
7 Implementation data Data Generated During Implementation
8 Testing data Data Generated During Testing
9 Defect data Data Concerning Software Defects
10 Performance data Measured Software Performance Data
Table 8: Data Groups
Sr.No. | Metric Type Description Used
1 Direct These measurement activities involve no other attributes or Yes
Measurement entities
2 Indirect/Derived These are combinations of other measurements Yes
Measurement
3 Predictive These measurements are systems consisting of mathematical No
Measurement models together with a set of prediction procedures for
determining unknown parameters and interpreting results.
Table9: Metric Types
Sr. No Complexity Description
1 Low Simple Metric, easily measurable, no expert level skills and specialized
tools
2 Medium Medium complexity Metric, requires expert level skills but no specialized
tools
3 High High complexity Metric, requires expert level skills and specialized tools
Table 10: Complexity Level
Sr. No. Areas Description
1 Process Effort & Time
2 Product Quality, Complexity, Size & Functionality

Table11: Metric Focus Areas
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Step No. | Description
Step 1: Decide which data collection procedures are applicable to the data identified
Step 2: Create any forms that are required for the collection.
. Assign responsibility for metrics collection and ensure that the responsibility is
Step 3:
agreed upon and documented.
. Update any design or project documentation templates to include sections for data
Step 4:
that must be collected.
. Update the metrics documentation to include details on metrics collection
Step 5: . .
procedures for the metrics coordinator(s).
Step 6: Update any development process documentation to include relevant data
P o collection procedures. Indicate which tasks and activities are affected.

In our research study, mgjority of the metrics

Table 12: Data Collection Steps

34.6 DataCoallection Forms

are related to the processes and few are
indirectly for product (through work products).
The description is given in the Table 13.

We have designed two generic forms, one is
project or product specific and other 5 process
gpecific. The details are given below:

Sr.No. | Role. Description Responsibilities
SOAM Software Quality | Track and Monitor the Measurement
1 Q Assurance Manager Process
2 PM Project Manager Track and Monitor The Project Progress
Software Quality | Measure the Project Performance and
SQATL
3 Assurance Team Lead Report
PTL Project Team Lead Measure  Project  Performance at
4 Development Team level
. . Measure and Coordinate between SQA
. PC Project Coordinator and Development Team
Software Quality .
6 SQAE Assurance Engineer Review and Report

Table 13: Roles and Responsibilities

345 Measurement Actions

There are six steps involved in measurement.
The detail of each step is given in the Table 14.

3.4.5.1 Rolesand Responsibilities

There are six roles to collect the data for
metrics and detail of each role with
responsibility is given in the Table 2.

3.4.6.1 Process Data Collection Form

Form A is process specific form to collect
measurement data to analyze the performance
of the process. Form has two parts. header and
footer.

Header part has general data fields. Name
(Process name), ID (Process Id if there is any),
Process Objective (Goal) and data collection
Date.



Data Collection Form A

Name: ID:

Objective: Date:
| No. | Project Name | Group | Planed | Actual |

Resource Person Name:
Form 1: Data Collection Form A
Data Collection Form B

Name: ID:

Objective: Date:

Project: Group:

No. Task Planned Date Actual Date Status

Resource Person Name:

Form 2: Data Collection Form B

The Footer part has the list of projects under
study for measurement, list of group working
on those projects and the parameters planned
and actua property. Parameter means the target
measure which is required to be monitored e.g.
resources, cost, time, effort etc.

And parameter property means any thing
related to the parameter which depicts the
meaning of measuring or interprets the current
state of parameter e.g. in case of cost as a
parameter, it is easy to see planned cost verses
actual cost but in case of time as parameter, we
will need to see the time related property

“Planned Date Verses Actual Date”. The daa
collection template is given in Figure 2.

3.4.6.2 Project Product Data Collection
Form

Form B is project/product specific form to
collect measurement data to anayze the
performance of the project/process in terms of
any process or feature. Form has two parts:
header and footer.

Header part has genera data fieds. Name
(Project name), ID (Project Id if there is any),
Project Objective (Goa) and data collection
Date.
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The Footer part has the list of task under study
for status measurement or performance
measurement, and the parameters planned and
actual property.

Parameter means the target measure which is
required to be monitored eg. resources, cost,
time, effort etc.

352 Rolesand Responsibilities

Following are the roles and responsibilities
specificdly for the Data Analysis phase.

SEG (Software Engineering Group):
& Project Manager and Team Leads are
responsible for:

Inoput

ANALYSIS
DATA > (Using intelligible data) INTERPRETATI ON>

Output

Transformation

Figure 2: Process Overview

And parameter property means any thing
related to the parameter which depicts the
meaning of measuring or interprets the current
state of parameter as described earlier. The data
collection template isgiven in Figure 3.

35 Data Analysis

3.5.1 ProcessOverview

The purpose of this process is to analyze and
interpret the data gathered during the Data
Collection phase in order to determine whether
project’s performance is going on as planned.
This involves determining the current value of
any of the metrics at a given point in time and
taking corrective actions in case the value
deviates from the expected values.

In addition, it aso involves analyzing those
project goals against which some sort of
deviation is expected in the near future and
suggesting corrective actions in case those
goals deviate from their expected values.

At organization level, the data collected from
al projects is analyzed at certain points to see
whether the organization's performance is
going as planned or not. The results of the
analysis are documented in analysis reports and
published in a measurement database.

The figure further 2 illustrates the Data
Anaysis process.

&  Peforming the anadysis of data
collected and comparing the actud
measurements to the limits set for the
measurements.

&  Taking corrective actions incase the
project’'s actual performance conflicts
with its goals.

& Making adjustments to bring the actua
process performance inline with the
defined acceptable limits, as appropriate.

SEPG (Software Engineering Process Group):
& SEPG is mainly responsible for:

& Comparing the mean of the projects
actual measurements with the expected
values set for the organization.

& |If the organization goas are not met
then actions are taken to resolve the
conflict.

& Adjusments ae made in the
measurement plan defined for the
organization to bring the actual process
performance inline with the defined
acceptable limits, as appropriate

& Providing the projects with anaysis
reports to document the results of the
Andysis and to suggest corrective
actions to bring the project's
performance inline with the goals, in
case any deviation occurs.
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Figure 3: Pareto Chart

35.3 Typesof Analysis

There are two types of dataanalysis:
& Comparison to Specifications and
& Comparison to Averages.

Specifications are targets, plans or goals set for
a project. For example there is a goa for a
project that Delivery of the project must be on
time with 10% variance in the schedule.

This is the project goal and £ 10% are the
acceptable limits of the goal. Average is the
mean value of a specific metric for an
Organization.

By comparing the actual value of a metric, for a
specific project, with its average value, within
the organization, we can determine the
performance of that project relative to the other
projects within the organization.

354 Statistical Process Control

The use of datistical tools and techniques to
anadyze a process or its outputs in order to
control, manage, and improve the quality of the
output or the capability of the process.

355 SPC Toals

There are 7 SPC basic tools used to analyze the
process behavior:

Scatter Diagram

Run Charts

Cause & Effect Diagram

Histogram

Bar Charts

Pareto Charts

Control Charts

RRRRKRERKR

Among all of the above, Control Charts are the
most useful such that they let you know what
your processes can do so that you can set
achievable goas. But this depends upon the
organization whether it is ready to spend
money on people to train them on the use of
such tools. In the following section we shall
discuss the use of some of the above-mentioned
SPC tools.

356 DataAnalysisusing SPC Tools

Data Anaysis involves understanding the
current state of the process and predicting the
future process performance so that we can take
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corrective actions to correct the problem at
hand and control the process by taking
preventive actions respectively.

Following are some of the metrics, identified in
this report, for which graphs are plotted using
different SPC tools. Sample data has been used
to plot the graphs.

3.5.6.1 Percentage of Progress Reviews
conducted

A Pareto Chart is Specia form of histogram or
bar chart. It is different from a typical Bar
Chart such that it is a bar chart in descending
order. It helps project Managers to better
investigate into the problem with the help of the
ranking and helps the SEPG to set priorities in
Software Process Improvement.

12

such then what will be the future performance.
Thiswill help him / her to take better decisions.
The chart shown in Figure 5 can be drawn
weekly / monthly depending upon the size of
the project and its criticality.

3.5.6.2 Work Product Status

Another metric that we have identified in our
report is the ‘Work Product Status that
explains the planned vs. the actua number of
work products to be evaluated. The Graph
selected for this metric is the bar chart. Since
this metric belongs to the PPQA in our report,
the SQA manager can use this graph to see the
planned and actual number of work productsto
be evauated by the SQAE at a certain point in
time in a certain project.

10

EPlanned

EActual

[N [

N

N

11

RS FS Design

Prototype

User Document Test Cases Executables

Figure4: Bar Chart

The Pareto chart shown in Figure 5 is showing
the % of Progress Reviews conducted within a
project team from Jan4 till Mar-05 in
descending order. Looking at the aove graph,
the project manager can analyze whether the
progress reviews are being conducted as
planned or not and can predict the future
performance, i.e., if the performance remains as

It may help him / her to take corrective actions
in that project or preventive actions in future
projects to ensure the work products are
evaluated as planned.

Such kind of analysis can be performed on

monthly basis or a the completion of a
milestone.



3.5.6.3 Work Product Consistency Ratio

The third and fina type of chart is the Control
Chart and is plotted for the ‘Work Products
Consistency Ratio’ metric.

Control charts are advanced form of run charts.
Control charts let you know what your
processes can do, so that you can set achievable
gods. There are different types of control
charts that can be plotted for either the attribute
or the variable data. ‘Attribute data has
discrete information such as # of defects found
etc. whereas ‘Variable' data is continuous such
as Cost of Rework and Effort Expended etc.

looking at the current situation, you can predict
the behavior of the process and can take steps
to prevent the problem. And this is an

advantage that you can get in a control chart
over the other charts.

3.6 Reports

We have come up with four types of reports:
Product/Project Measurement Report, Process
Measurement Report, Process Results Need
Activities Worksheet, Project/Product Results
Need Activities Worksheet, and Corrective and
Preventive Actions Reports.

Individuals Chart
2.5 1
2 4 UCL=1.9729
1.5 1
11 A /
CEN=0%429
027 e— \/
0 T T T
RS FS Design Prototype User Document — Test Cases Executables
-0.5 1
LCL=-0.6871
-1-

Figure5: Control Chart

Figure 5is the Individuals Chart plotted against
the variable data of the above-mentioned
metric. Individual data vaues are plotted. The
UCL isthe ‘Upper Control Limit" and the LCL
is the ‘Lower Control Limit' that is
automatically calculated from the available
data. CEN isthe‘Center Lin€ that is aso auto-
calculated through the behavior of the plotted
data. We can adso specify UCL and LCL (if
there are any in the project) for this metric. The
interesting thing about a control chart is that by

36.1 Product/Project Measurement
Report

This report is specificaly designed to report
issues identified  after measuring a
project/product performance. Report is divided
into two parts. First part relates to general
information related to a project/product. And
second part covers dl issues identified after the
measurement.




Product/Project M easurement Report

Project Name: Project Status:

Project Manager: Project Starting Date:

Team Lead: Project Closing Date:

Team Members: Name Role Comments
1

2
Improvement Start Close
Margin No. | Issue | Solution Required Resources Date Date
%

1
% 2
% 3
% 4
% 5
% 6
% 7
% 8
Form 3: Product/Project M easurement Report
Process M easurement Report
Process Name: Effected Groups:
Process Manager:
Team Lead:
Team Members: Name Role Comments

a b WON -

Improvement
Margin No. | Issue Solution Resource Assigned Roles
%

%
%
%
%
%
%
%

0 N O Uk WN PR

Form 4: Process Measurement Report
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Project Result Impact Urgency Needs Activities Frequency

A

Form 6: Product/Project Results, Need, Activities Worksheet

Process Result/Score  Impact Urgency Needs Activities Frequency

Form 5: Process Results, Need, Activities Worksheet

Corrective and Preventive Report (Process/Product)

What is great performance for a project/process after measurement analysis?
Lesson 1
Lesson 2
Lesson 3

What we want to achieve and What we can do after analysis report?
Wants Capability
Lesson 1

Lesson 2

Lesson 3
What should be avoided for future?
Lesson 1
Lesson 2
Lesson 3

Form 5: Corrective and Preventive Report (Process/Product)
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Every issue will be described in terms of a
solution, required resources and with time limit
constraint to resolve the issue. There is another
data field, improvement margin, which tells the
overall impact of improvement in
project/product.

3.6.2 Process M easurement Report

This report is specifically designed to report
issues identified after measuring a process
performance. Report is divided into two parts.

First part relates to general information related
to a process. And second part covers al issues
identified after the measurement.

Every issue will be described in terms of a
solution, required resources and with time limit
congtraint to resolve the issue. There is another
data field, improvement margin, which tells the
overal impact of improvement in process.

3.6.3 Process Results, Need, Activities
Worksheet

This report is specifically designed to report the
results or score gained after the measurement
activity.

Scores basically depicts the condition or overall
performance status of any target process.

The impact is aso described to indicate the
importance of the processin overall scenario to
show the ripple effects of improvement on
other processes or projects.

Again urgency indicates the importance of the
process, and immediate  improvement
requirement. What is required to improve will
come under the needs. Required activities will
also be given to get a task set with required
frequency e.g. daily, quarterly, annually.

The report template is given in the Form 5.

3.6.4 Product/Project Results, Need,
ActivitiesWor ksheet

This report is specifically designed to report the
results or score gained after the measurement
activity.

Scores basically depicts the condition or overall
performance status of any target on going
projects. Normaly projects are of short
duration so it is better if we say that the report
is for the products. The impact is also described
to indicate the importance of the project in
overall scenario to show the ripple effects of
improvement on other processes or projects.

Again urgency indicates the importance of the
project/product, and immediate improvement
requirement. What is required to improve will
come under the needs. Required activities will
also be given to get a task set with required
frequency e.g. daily, quarterly, annualy.

The difference between a project and process
report is their impact on dfected groups and
their areas of concerns. ldedisticaly project
covers al processes, sO on going projects
measures can be done in quarterly or biryearly
audits. And process on the other hand has
limited vision as compared to project.

The report template is given in the Form 6.

365 Corrective and Preventive Report
(Process/Product)

This report is genericaly designed for
processes and projects/products. This report has
three parts. Good actions, Corrective actions
and preventive actions.

In good actions part, we capture what are good
lessons to learn and repeat. In corrective actions
part, we capture what we want and what we can
do to improve a project or process. And in the
last part, Prevent actions part, we capture what
should be avoided in future to improve the
performance of a project or process.

4 Conclusion

We have undertaken this metric program
development to measure the CMMI leve I
process areas. We have developed the metric
plan for two process areas. ‘Software Project
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Monitoring and Control’ and ‘Process and
Product Quality Assurance

Metrics plan highlights documentation of
software process which is aready documented
in CMMI, dating the goals for processes,
defining metrics for the goals, identifying the
data to collect, defining data collection
procedures, assembling the tool for metrics,
creating metric repository and developing a
feedback mechanism.

The metric plan has procedures and templates
for data collection, quantitatively analyzing the
collected data, which isthe first step to improve
it and lastly reporting. This metrics plan can
address the gods, the abilities and activities
required in CMMI level |l process aress in
teems of improvement sufficiently and
effectively.

The metrics plan has al types of metrics,
simple and complex. As we have tried to design
a generic plan for al kind of projects and
organizations (interested in process
improvement with regards to CMMI), so we
can divide this plan in multiple ways depending
on the requirements.

This plan will help to focus on those areas
which are more problematic, and results in
higher quality and productivity. By capturing
the metrics developed in this plan above more
energy consumer processes can be identified in
current software development process. In that
way, changes can be made to the process and
hopefully improve it. These changes may result
in new metrics being gathered or show changes
in trends in the old ones. Either way, changesin
process results in changes in metrics which
resultsin changesin process etc.

Process improvement requires measurement,
with out measuring, you can not improve.
Improvement is a time consuming process, it
will not occur in one night shot. We will have
to invest time, cost, and resources and effort
from al levels. Moreover, we will have to be
paient. “The metrics require improvement
from time to time. All these require us to be
understanding and cooperative to make this
happen. It is not easy, but definitely worthy of
pursuing.” [1]

5 Future Work

We have developed a metric program and plan
to measure the CMMI leve |1 process areas but
we have done it only for two process aress.
Some of work is aready done on Requirement
Management and Software Project Planning,
but rest of process areas of level Il and other
levels «till need deliberation and there is
sufficient margin of work.

The CMMI structure has many mandatory and
optional components. Process Areas, Specific
Goals, Generic Gods, Specific Practice,
Generic Practices, Sub Practices and Work
Products. We covered al components except
work products. In fact work product should be
incorporated and related measures should be
defined.

There are two types of goalsin CMMI related
to any process area: specific goals and generic
goals. In this metric plan we have focused only
on the specific practices and we have not
covered the generic goals. Further work needs
to be done for generic goas as well.

CMMI has two representations. Staged and
Continuous. In this research work, we have
only covered staged representation as there two
types of practices involved in continuous
representation; basic and advance, so might
have covered basic practices but our work lacks
in advance practices.
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