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ABSTRACT

The Capability Maturity Model has anracied tremendsus interest in the past few years in the
Indian sofrware industry. Most sxtware crganizations in India have set their sights on becoming
a CMM Level 3 or Level 4 orgarization, 7' not at Level 5.

The Capability Maturity Model provides aplemeniarion directions for organizations 1o move up
the maturity path. This is based on a step by step progression fram Level ] 1o level 2, then Level
3, 4 and uitimately Level 5. (We have called this the “traditional” rous). However, India is
witnessing a unique phenomenan in thaa software compaies are going in for ISO 9001 furst and
then SEI CAMM Level 4. While it is generally believed that this is due 10 markedng pressures
alone, in the sense that software compardes go in for 1SO 9001 for the European markets and
CMM for the US markets, we postulate th this rowte of ISO 9001 first and then SEI CMM level
4 is actually an easier and mare sensible way than the traditional rowe. We have provided

.insights into the nature of problems tha one may encounter by edopting the raditional route
and why these would not be encountered in the ‘IS0 first, then CMM™ route. Building on these
insights, we have provided a complete methodology of first implementing 1SO 9001 in a sofiware
organization and then moving an 1o CMML

An essential feature of the CAM{ and on2 that sofiware organizations need 10 address is in the
area of software measuremenss. At all maurity levels, an arganization needs 10 institute
measures 10 be able 1o assess specific pracess performance and effectiveness. We have identified,
in this thesis, a generic set of metrics which would enable a company to reach CMM level 4 and

level §.

We also had the opportunity 1o implemera this approack (of ISO first and then CAMM) in several
companies in India in the cowrse of our consultancy work. All of these have already been
assessed at Level 4 and some otrers are an their way 1o implement Level 5 requirements by May
2000. Results from some of these compardes, as well as the metrics models they adopted are
reported in this thesis.
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CHAPTER 1

QUALITY CONCEPTS

1.0 Intraduction

Software today plays an extremely crucial role in the daily life of all sections of society across
the world. Because of this, the realization has set in that quality of software is an issue that both
producers and customers should be equally concerned about. As long as software had a marginal
effect on society, the impact of poor quality of software was not felt very highly. However, as
software usage rapidly gained centre stage in all aspects of our daily life, the potential impact of
software failures also increased tremendously. The impact of a software failure can range from
relatively minor costs of failure (like rework and increased after sales service costs etc.) to major

costs. Examples of major costs could be:

e Lost production (in most process plants - petrochemical, fertilizer, steel etc., a disruption
of a continuous stream even for a short while may mean several days of lost production in

bringing the stream back)

e Failed business (information technology plays such a dominant part in a large number of
industries like freight and forwarding services, banks, financial institutions etc., that a
software failure can even result in the business having to wind up completely)

e Lost wars (in the case of software for military purposes),

e Lost lives (in the case of safety critical applications like aircraft control, nuclear plant
control applicatious ete.

The problem of poor quality is one that is especially acute in the software industry. Robert Glass,
in a very interesting book titled “Software Runaways” [GLASS-98] describes some
“spectacular” failures. Software runaway is described by KPMG as “A runaway project is one
which has failed significantly to achieve its objectives and/or has exceeded its original budget by

at least 30 percent [KPMG 1995).

The example is given of several runaway projects, interesting amongst them were :

e The Denver International Airport project. Work on building a new international airport at
Denver, Colorado was started in November 1989. The original schedule opening date was
October 1993. The opening was delayed three times in 7 months because the baggage system
software had not been readied in time. In May 1994, work began on back-up system for
baggage handling since the original system was thought to be inherently risky. The system
was finally inaugurated on February 28" 1995, with not one integrated baggage handling
system but three separate systems each one. doing only a’part of what was intended, The
software vendor BAE was faced with several legal cases on account of the delay.
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Organizational Excellence

g

Leadcrship Dnvers

Society

Fig 1.1

The objective of quality is to achieve organizational excellence to bring satisfaction to its
stakeholders. We shall define quality ia detail in the next section. However, as we shall see,
quality means satisfying the needs of all who are affected by the product or service thai the
organization renders, i.e. customers, shareholders and society. To be able to do so, certain
“Leadership drivers” need to be in place which are:

e Values, so that the interests of society are never compromised

¢ Vision, so that the organization moves in the direction that the shareholders of the
colnpany wish it to

e Strategies, which may be much more focussed than vision and are geared to meet the
needs of the customer

Once these leadership drivers are in place, an organization needs to have “Operational Enablers”
so that quality can be achieved. These enablers are:

e Processes
e Technology

e People

10



Quality is achieved by a synergistic mix of processes, people and techqology. One, 'w1thﬁutt :E:
other, will not suffice and hence, each of them is a necessary condition 1o ensuring tha o
organization achieves and continues to achieve quality in all its products and services. It 1s

this reason that an organization may have the best of technology and yet may fail to af:hleVe
sustainable organizational excellence. On the other hand, the best of processes may exist bul

without adequate attention paid to the role of human resources, the organization will not be ablé
to meet the needs of its stakeholders.

There are various models which seek to bring about improvements in each of these areas. This i$
represented below (KPMG1):

Contemporary Models
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this thesis is to show that the approach of ISG 9001 first and then CMM is more efficient than
any other route.

Before going into detail, it is important to lay the foundation for an understanding of the
proposed model. This chapter, Chapter 1 defines and explains the key terms that one comes
across in any discussion on quality. Chapter 2 provides an explanation of the family of ISO 9000
standards while Chapter 3 discusses the Capability Maturity Model.

1.1 Quality
Philip Crosby (CRO-79) defined quality as “conformance to requirements”. The word

“requirements” here may be construed to mean either stated requirements or real requirements.
By stated requirements, we mean those requirements that have been agreed upon between the
customer and the producer. The real requirements would mean the stated requirements as well as

those requirements that may have been lefi unstated.

According to Crosby, quality should meet the real requirements of a customer. Adopting the
“stated requirements™ definition may not be sufficient since the customer may have certain
unstated requirements which, if not met, may lead to dissatisfaction with the product or the
* service rendered. Many needs are so fundamental that they are not put down in black and white
or at least stated specifically by the customer; yet if these are not met by the product or the
service delivered by the producer, the customer is left with a feeling of dissatisfaction.

An example often quoted here is that of the doctor who was asked to operate upon a patient to
remove a gall bladder stone. The doctor removed the stone as specified (met the stated needs)
but the patient died on the operating table (failed to meet an unstated but real requirement - the
implied need - which was that the patient should survive). Although this, being anecdotal, could
be viewed as an extreme case, the fact remains that the producer must meet the real requirements
- both the stated and implied needs - if he is to render satisfaction to the customer.

Joseph Juran [JUR-89] captured it well when he defined quality as Fit for Use. This implies that
it is no use meeting the stated requirements if the product produced is not fit to be used since it
does not meet the needs of the customer. A car manufacturer’s requirements sheet for tyres
would have detailed specifications on the percentage of carbon black required, the depth of
tread, the nature of radials etc. but will probably not specify that the tyres must be round. The
tyre producer could meet the specified requirements by producing square tyres but this would
iead to a product unusable by the customer (in this case, the car maaufacturer).

A comprehensive definition that combines both Juran's [JUR-89] and Crosby’s view of quality
is given in the ISO [1SO8402-86] family of standards which defines quality as: “The totality of
features and characteristics of a_product or service that bear on its ability to satisfy stated or

implied needs.”

This takes a larger view of the needs of a customer than merely the specifications agreed upon
with the customer. It recognises the fact that implied needs also should be met to provide quality.
Another dimension that it brings out is that of “totality’ of features and characteristics..”. This
recognises that it is not only functional attributes of a product that are important but other

12



e db
attributes like usability, reliability, maintainability etc., of a product should also be considered oY
the producer.

: 4
This is also embodied in McCall’s [MCC-78] listing of attributes of quality of softwar® (calle
McCall’s quality factors) which are:

i) Functionality (Correctness) i} Maintainabihity
111) Rehability iv) Flexibility

v) Usability v1) Testability

vii) Integrity viii) Portability

ix) Efficiency x) Reusability

The ISO definition can thus be viewed as a succint anialgamation of Crosby’s, Juran’s [JUvag]r
and McCall’s [MCC-78] views, central to which is that quality must lead to t:ust'i’““’fz
satisfaction; if customer is not satisfied, quality has not been achieved. In doing so, oné mu
keep in mind the implied needs, for if these are not met, customer satisfaction would not **

obtained. (Recall the examples given easlier of the patient and his stone removal as well a5 th
manufacturer and the square tyres). The ISO definition views needs as;

User needs = Stated needs + Implied needs

Quality means meeting the total set of User needs, which includes implied needs as well »
producers, we 'would have done our job as requirements analysts well if we were able to re9Y%”,
the set of implied needs to zero so that all the needs are known and stated. Getting to know, * ¥’

thus to satis:fy, implied needs is generally the more difficult task since these neecs tend 10"
amorphous in nature and not well defined.

Diagramatically, this can be represented as:

implied needs

= B T
(/ 7 S\
i ( g \
SHated neecs
\‘~ \\ /// ‘
—

Fig13
The challenge before the producer is to ensure th L

4
at the outer . ) ) 20
collapses envelope vi dne
ollapses to zero and all the needs are stated and known uptront so thalD :heyzcar:;hce l::yplL:f met
asily be ™

1.2 Process & Product
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1.2,1 General Definition And Explanation

A process is defined as :

“A set of planned and systematic activities implemented to achieve certain goals or objectives”.

These objectives may be either developing, or producing a product, or providing a service.
Hence, a process may be viewed as just a way of doing things or, in other words - a set of steps
or tasks followed to achieve an output. The only stipulation that one would put in here is that the
set of tasks would be a planned and systematic set of tasks, and not an ad hoc set of tasks. Other
terms used for a process are a methodology, a procedure or a system. These terms are not exactly
the same as a process but they convey more or less the same meaning.

A product is defined as :

“Tke result or output of a process or_set of processes”.

Hence, any process will always have a product coming out of it, either an intermediate product or
the final product. Thus, the definition not only includes the deliverables made to the customer

. but any other output of a set of activities.

Examples of processes and products may be given both from wiithin an organization and from
daily life. Thus an organization may have a production process (with several sub precesses
therein), a marketing process, & delivery process and many others, each with their specific
oroducts or services delivered. In our daily life, we may have a process so mundane as getting
ready and coming in to office, a cooking process, a house cleaning process etc.

The point that is emphasized here is that processes need not be thought of as only the
documented procedures that we come across in many places but they are any set of well thought
out and pre planned activities.

1.2.2 Processes In A Software Organization

It would be pertinent for us to reflect on processes that may be applicable to a software project.
The processes in a software organization are heavily project centric, since most of the work done
in a software organization is project oriented. (Fven product-centric software organizations have
several projects which are aimed at development of the various components of the product).

A software organization may have the following categories of processes :

e Project life cycle processes

These are the “production processes” of a software organization, commonly called the project
life cycle processes in a project. In a development project, the software development life cycle

processes like requirement analysis, system design, coding, testing etc., would be applicable
while in a maintenance project, life cycle processes like impact_analysis, codiag, testing and
release would be applicable. '

® ' Project support processes

14



Processes like project planning, projest monitoring and control, configuration mana ’em'ent, e!r;.
are grouped in this category. These are processes that happen throughout the project life cyes
and hence, may be viewed as umbrella processes in a project.

o Orgamzation support processes

These are processes like recruitment, training, procurement, facilities management, etc., which
are not project specific but support the needs of the entire organization. The recruitment funciiof
in an organization does recruiting for the entire organization, training meets the needs of 2 gam!
of projects etc. Of course, there may often be project specific requests e.g. “Project A requie®
that & persons be trained on Java” etc. but the organization wide process is still being used.

1.3 Quality Assurance and Quality Control
1.3.1 Defnition:

Quality Assurance is defined as: “All those planned and systematic actions necessiry .
- provide adequate confidence that a product or service will satisfy given requirements Jof

quality” while Quality Control is defined as: “The operational techniques and activities thot
are used to fulfil requirements for quality” (Ref ISO 8402).

1.3.2 Explanation:

The key difference between Quality Assurance and Quality Control is that Quality Assurance s
aimed at prevention of defects while Quality Control is aimed at detection of defects. Since QA%
a preventive process, it has to be carried out ex ante, i.e, before the process (which may
introduce the defect) is even carried out and also during the process. On the other hand, QG

being a‘detective process, has to0 be an ex post process, i.e., it is done only after the relevan
process is carned out,

Examples of QA activities are:
e Define processes,
® Coordinate and facilitate process implementation,
¢ Provide Training on processes.,
e Gain an understanding of process compliance by audits, and
e Bring about improvements in processes.

Examples of Quality control activities are:

¢ Reviews

® Testing

15



It could be argued that reviews are really QA in that they prevent defects from being transmitted
to the next stage of the project. However, the primary purpose of a review is to detect defects in
the reviewed document. Also, it is done ex post i.e. done after the document has been produced
and is done on the product (in this case, the document to be reviewed). Thus, by all the
characteri9stics we mentioned earlier for QC, a review would be a QC process.

It should also be bomne in mind that any QC process would have an associated preventive side to
it. e.g. Testing prevents a defective product from being shipped to the customer; a traffic
policeman flagging down a car thet has jumped the traffic lights (he is performing a QC function
in that he is defecting transgressions of the law) has thereby prevented an accident happening
down the road.

Thus, both reviews and testing are QC processes, the difference being that reviews are an early
form of QC in that these generally happen during the early phases of the project (reviews of
Software Requirement Specifications, SW Design Document, =tc.,) while Testing is a later form
of QC (unit testing, system testing etc.)

The differences between QA and QC may be summed up as follows:

Quality Assurance Quality Control

Preventive Detective

Ex ante Ex post

Process Product

Staff function Line function

However, the view of Software Quaiity Assurance is slightly different in the Capability Maturity
Model. Although we have discussed this aspect more in detai! in Chapter 3 and Chapter 4,
suffice it to say at this point that the SQA role defined in the CMM includes work product audits
as well.

1.4 Maetrics and Measures
1.4.1 Definition

A measure is defined as “ a quantified observation on some attribute or aspect of the software
product, process or project” )

16



A metric is defined as “a quantitative determination of the extent to which a system, component
of process possesses a certain attribute — generally a ratio” — IEEE standards (IEEE610-90) .

1.42 Explanation

A measure, according to the definitions above, provides a quantitative insight into any z

A simplistic example could be that the height of an individual in a class is a measure but _the
average height of the boys in the class would be a metric. Although this is the techmc®
difference betwcen the two terms, it is good to also keep in mind that, in practice, this
differentiation is not strictly adhered to. In fact, IEEE uses the terms “computed measures’

“primitive measures” to describe metrics and measures respectively. Most practitioners use thes®
terms interchangeably and we shall also do so in this thesis.

Having defined the terms above, let us study some of the Quality models like 1ISO 9001 and SEl
CMM in the following chapters.

17



CHAPTER 2

ISO 9001 FOR THE SOFTWARE INDUSTRY

2.0 Introduction

Recognizing that quality of a product or of a service is heavily dependent on the processes used
to produce it, the International Organization for Standardization (ISO), decided in 1986, to focus
on developing a set of process based quality models which could then be adopted by all member
countries. The emergence of the European Common Market in the mid 80s and the concept of
free trade among all member EC countries further fuelled this need. Once there was free trade,
there was a need to ensure common praduct quality which, given the immensely wide variety of
products that could be traded, was better achieved through the use of process standards. A
committee called TC 87 (Technical Committee 87) was formed for this purpose.

A word on the ISO; The 1SO is based in Geneva and comprises of more than 100 member
countries that are represented on this body through théir naonal standards institutions. The
Bureau of Indian Standards (BIS) represents India, the British Standards Institute (BSI)
represents the UK, and ANSI represents the USA etc., in the ISO.

Using the ideas propounded by quality experts like D;ming [DEM1], Juran [JUR1-89], Crosby
[CRO-79), Ishikawa [ISH-85) and others, the committee came up with a series of standards
against which companies could get themselves certified. This series is called the ISO 9000 series

which has been explained below.

This chapter begins with the structure of the process standards in Section 2.1 below, (and the ISO
9001 standard is explained in detail in Section 2.3). The differences between ISO 9001, 9002 and

9003 are explained in Section 2.2.

2.1  The Structure of ISO Process Standards

The International Organization for Standardization (1SO) has divided process standards into
“Standards” and “Guidelines”. The standards are quality models against which an external audit
may be carried out while guidelines are provided to aid greater understanding. Thus, the chosen
standard would be mandatory while guidelines may be used by the organization as it sees fit.

These standards and guidelines have been numbered ISO 9000 onwards, with the exception of
the standard ISO 8402 that defines the Quality Vocabulary to be used. The year in which a
specific standard was formally issued is also written along with the ISO number, e.g., ISO
9001:1987 refers to the original ISO 9001 standard issued in 1987 while ISO 9001:1994 refers to
the revised standard issued in 1994.

18



Member countries of the ISO, in tum, adopted these siandards. It was adopted in India by the
BIS as the IS 14000" series, in UK by the BSI as the BS 5700 series, in Australia as the AS 3700
series etc. These were complete adoptions, i.e., without any modification whatsoever, except for
a preamble section. The Indian Standard, for example, is exactly the same as the International
Standard except for an additional section called the “National Foreword” which testifies to the
fact that the ISO standard has been formally adopted. However, it would be relevant to point out
that ANSI in the US has a standard called the QS 9000 series which is the ISO 9000 series, and
four extra clauses. The QS 9000 is extensively used in the automobile industry.

The numbering scheme used by BIS was initially different from the ISO numbers. The numbess
used by BIS started from IS 14000 onwards?. The numbers started with “IS” indicating the!
these are the Indian Standards. Please note the difference between the I1SO and the Indian
standards numbering system. The complete set of standards and guidelines are as follows :

The relevant Process Standards are:

o 180 9001:1994; IS 14001:1994 - Quality Systems -

- Model for Qualit urance i
Desigu, Development, Production, Installation and Se Quality Ass

rvicing
o ISO 9002 : 1987; IS 14002:1988 - Quality Systems - ; in
Production and Installation. ¥ Systems - Model for Quality Assurance

e ISO 9003:1987; IS 14003:1988 - Quality Systems - , "
Final Inspection and Test ty Systems - Model for Quality Assurance

The relevant Guidelines are:
e 1SO 8402:1986 ; IS 13999:1988 - Quality Systems Vocabulary

e ISO 9000:1987; IS 14000:1988 - Guidelines for Selection and Use

o IS0 9004: 1987; IS 14004:1989 - Guidelines for Quality Management
s 1SO 9004-2 : 1991;1S 14004 Part 2:1992 - Guidelines for Services

e 1SO 10011:1990; IS 14011:199] - Guidelines for Auditing Quality Syst
stems

However, BIS has recently renumbered the

ISO and we now have IS 9001, IS 9007 erg o 0° 814 guidelines to be consisten with °

In the diagram on the following page, the relationghi
' tonships among the I§Q
standards are shown.

"I'hisserieshasnowbcanre
numbe
? The exception 1o this was | "ﬂb)’ BIS a5 1SO 9000 serieg

which became 1S 13999. 1988 i
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It is important to note that it is only ISO 9007° [1509001-94], 9002 {ISO90062-87] and 9003
[1509003-97] that are the standards (and therefore certification can be obtained against these),
while the rest are only guidelines.

The ISO 9000 {ISO9000-87) document is only a guideline and not a certification standard as is
commonly believed.

As explained above, 1SO 8402 defines all the terms used in the quality standards. ISO 9000,
which consists of ISO 9000-1 and ISO 9000-2, provides guidance on the selection and use of
standards, e.g., it tells us when to use 1SO 9001, when to use ISO 9002 etc.

The software industry had voiced their inability to use ISO 9001 without adequate guidelines,
and hence, ISO 9000-3 was brought out to provide guidance to the software industry. The
relationship between the standards and the guidelines is diagrammatically represented below :

ISO 9000 FAMILY OF STANDARDS

ISO 84G2

ISO 9000 B8
el B

ISO ISO00 2

9004 - 1 . (SOT00Z ) ISO
\_ISO 9003/ 9004-2

Fig. 2.1

'I'h.e sfandards are given within the envelope A. All documents outside the envelope are
guidelines. The documents applicable to the software industry are given in the oval B.

:goso 900):1994 has now been replaced by 1SO 9001: 2000. However, both vessions will be in vse concurrently il
3
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2.2 Selection of standards — differences between 1SO 9001. 9002 and 9003

. . k’
a) 1SO 9001 is to be used when the organization is involved in all the following stages of wor
viz.,

- Design
- Development
- Production

— Installation

Servicing

the assurance of quality is to be provided in ail the above stages. This may be graphica“)
represented as below.

Scope of ISO 9001

Product Design, Development And Service

In- ’ : ' Inspect ' i
goods Design | Produce and Install Service
Test

an organiz;

‘erstand requi

U'femenon Sould use the 1SO 9001 model. A 5011?'11)_
produce (coding), tesung, install and service

ts of ; .
e f Ot customer and translate these into @ 9% i
applicable standard for the software inGuStry (s

oftware Maintenance) Thys 15O 900} 15
b) However, if an orpanization

S ivolved ony N
therelore 1s required 10 assufe 1 ;n Prxduction g mstallation e
nt ws ) |

un .c Mages of work, 1SO 9002 15 L-!PP':; o
e or “hgineering organization thal w

A
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This is graphically shown as below:

Scope of ISO 9002

- Production and Installation

In- Produce | Inspact
goods and Install | Service
Test
Fig2.3

* ¢) In a situation when the organization is required to assure quality only in the final inspection
and testing stage, 1SO 9003 is to be used. An example of such an organization is a trading
house or a testing organization. A trading house buys goods, inspects and ther. installs or
delivers to its customer. For these organizations, ISO 9003 should be used. This is
graphically shown below.

Scope of ISO 9003

- Inspection and Testing

Inspect
goods Test
Fig2.4



2.3 Detailed Explanation Of ISO 9001

(SO 9001 : 1994: — Quality Systems — Model for Quality Assurance in design, development,
production, installation and servicing,

As explained briefly in Section 2.2 above, this standard defines a model of an organization where
conformance to specified requirements is to be assured during several stages which mnclude:

e Design and development
e Production
¢ Installation

o Servicing

This is therefore z.applicable to an organization which goes through the entire iife cycle of 2
product. Hence, this is the standard to be used by all software development organizations.

ISO 9001 is divided into 4 sections — the major one being Section 4. This, in turn, has 20 Clauscs
- Clause 4.1 to Clause 4.20. These clauses embody the charactenstics of 2 quality system, and
are based on total quality management principles, especially as propounded by Deming
[DEM86]. A study of these clauses also shows that these are essentially sound business and

management principles which, if followed, minimize the risk of a defective product. Being
shipped to a customer. .

These clauses are explained below:
2.3.1 4SO 9001:1994 - Clause 4.1: Management Responsibility

This clause focuses on the important role that top mana
. : gement has to i i ity
The leadership has to provide a vision and quality objectives, show con-,gﬁilgteﬁ;n ndg Qufi;g’
and conduct reviews 10 ensure continued suitability and effectiveness of the quality s ;;tes quality,
{110

23.2 IS0 9001:1994 - Clause 4.2: Quality System
This clause refers to the need for the quality syst : :
manugl. This manua' should . (1) cover ali t)l;e}r, o 0 d¢ documented in the form of a quall

the requirements of 1SO 9001, (i1} mak t0
Pgocedures followed by the company, and (jii) outline the structure of th ’d( b ﬂ?fefe"ce io
procsdures fllowod by dhe cour e documentation used !
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2.3.3 IS0 9001:1994 - Clause 4.3: Contract Review

This clause refers to the need for any contract that the organization enters into, to be reviewed to
ensure that all requirements of the customer are adequately defined, and that capability exists to
meet the contract requirements.

2.3.4 1SO 9001:1994 — Clause 4.4: Design Control

In this clause, ISO 9001 refers to the need for maintaining documented procedures to control
and verify the design of the product. The need for project pianning is highlighted along with
clear identification of the design inputs and outputs.

The quality control mechanisms to be used at appropriate stages of design also needs to be
defined; these may be review of results, verification or validation.

2.3.5 ISO 9601:1994 — Clause 4.5: Document and Pata Control

An essential part of any quality system is the need for configuration management, i.¢., the need
to be able to track and control all documents, data, records, versions of the product being
produced etc. The absence of this increases the risk of designing, producing and delivering 2
defective product to the customer. Again Clause 4.5 requires the organization to establish and
maintain documented procedures to control all documents and data including those of external

origin like customer drawings etc.

2.3.6 ISO 9001:1994 — Clause 4.6 : Purchasing

The absence of a process to ensure that the purchased product conforms to specified
requirements constitutes a risk factor as well (of not meeting customer requirements). Hence this
clause requires a purchasing procedure to be established. Specifically a system for evaluating
vendors / subcontractors and for checking of purchased products has to be set in place.

2.3.7 ISO 9001:1994 —Clause 4.7: Control of Customer Supplied Product

This clause is similar to Clause 4.6 with the addition that it requires procedures for storage and
maintenance of the customer supplied product as well.

2.2.8 1SO 9001:1994 — Clause 4.8: Product Identification aud Traceability

This is again 2 configuration management concern, similar to Clause 4.5. However, this clause
relates to the product, either in its finished form or intermediate form, and requires that
traceability exists for all stages, from receipt, and during all stages of production, delivery and
installation.

2.3.9 IS0 9001:1994 — Clause 4.9 : Process Control

Having addressed the issues of design, purchasing and partly of configuration management, the
ISO standard now addresses the production, installation and servicing processes. Not only does it
require documented procedures to exist for production, installation and servicing (to the extent

that absence of these procedures could adversely affect quality), but also the use of appropriate
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' i . i ures
equipment and provision of a suitable working environment. This clause also require proced

- iteri hip i lates
for maintenance of equipment and criteria for workmanship in the torm of standards, temp
etc.

2.3.10 I1SO 9001:1594 — Clause 4,10: Inspection aud Testing

Procedures should exist for inspection and testing (called 1 & T liereafter) activities 10 ensute that
the product meets specified requirements. This includes receiving 1 & T for produdis '0[
subassemblies produced elsewhere and used in the final product, in process [ & T to ensure thal
the product is being produced in accordance to pre- specified requirements oOf destgt
considerations, and final ] & T before deliveriug the psoduct to the customer.

Clause 4.10 Sub Clause 4.10.5 requires 1 & T records to be maintained. This again s 2

configuration management issue and, as caii be seen, the configuration management issue comes
up time and again in various clauses.

2.3.11 ISO 9001:1994 ~ Clause 4.11: Control of Inspection, Measuring and Te
Equipment

The need for controlling, calibrating and maintaining equipment used for [ & T is emphasized

here. This includes test software and test hardware, In instances of measurement uncertaintys !
extent of uncertainty should be known as well.

2.3.12 IS0 9001:1994 ~ Clause 4.12: Inspection and Test Status

The I & T status of any product should be known at all times. This may be in accordance witl
the quahty plan, or known deviations from it. This status should be maintained throughou! thé

hfe cycle to ensure that only products that have passed the required I & T are delivered used: Y
installed *

2.3.13 IS0 9001:19%4 - Clause 4.13 : Control of Non conforming Product
This 15 again a confieuration management issue which Ferjuires proceduses 1o evist to easuee hat
products faund defective during any stage ol quality control ( design reviews or 1 & T) a¢ ™
used ummcnnonall'y. Examples of these ure crroneous design specifi . bemng used
suftware programming - iications bewng

2.3.14 IS0 9001:19%94 — Clause 4.14: Corrective and P

reventive Actions
Documented procedures should exist to take corrective und preventi i ualt®
related problem occurs. This action needs to he commensurate 'eI}I:we 39“0“5 ounte % -
shall include procedures for effective handling of cuslomer ::;lt tkh'e s B oot ({,_,_t'ec‘
reports, root cause analysis to determine the source of the rob v and determination of & =
required. problem and determination of &<

SSi
concession. passed, the product may be delivered to the customer onl



There may also be a need to change processes and increase training in which case preventive
action should be initiated by doing these. Potential non conformities are also under the pusview

of this clause.

2.3.15 1SO 9001:1994 — Clause 4.15: Handling, Storage, Packaging, Preservation and
Delivery

Procedures shall exist for all these activities since the absence of any of these activities may
increase the risk of not being able to meet the needs of the customer. A key factor should be to
prevent deterioration and damage to the product after production is complete.

2.3,16 1SO 9001:1994 — Clause 4.16: Control of Quality Records

Quality records are the results of all the quality control activities carried out during the design,
production, installation and servicing activities, This clause requires all quality records to be

maintained in an easily retrievable form.
2.3.17 ISO 9001:1994 — Clause 4.17: Internal Quality Audits

As a means of evaluating if the activities are being carried out according to the planned
arrangements, either as laid down in the procedures, or in a proiect or guaiity plan or any other
plan document, internal audits shall be camried out. These audits shall also determine the
effectiveness of the quality system deployed.

An audit schedule shall be drawn up and shall be carried out by personnel having responsibilities
independent of the area being audited. Follow up action in the form of corrective and preventive

action shall be taken.
2.3.18 ISO 9001:1994 — Clause 4.18: Training

ISO 9001 takes into account the fact that training is 8 very important factor in ensuring that
quality product is produced. It thus lays down that training shall be imparted to all personnel
requiring it. Training shall be a planned activity and training records maintained. Procedures for
doing the above shall be documented and followed.

2.3.19 1SO 9001:1994 — Clause 4.19: Servicing

Where gervicilgg is a specified requirement, procedures need to exist to ensure that after sales
service is provided. Means of verifying that service has met the specified requirements also shall
be documented as well.

2.3.20 ISO 9001:1994 —Clause 4.20: Sratistical Techniques

Dr. Deming [DEM-86), Joseph Juran {JUR-89], Dr. Ishikawa [ISH-85] and other leading
exponents of total quality management have emphasized the nse of measures and statistical
analysis. These statistical analysis will help, first, to know the real situation, and second to aid in
root cause analysis. This is the only way to ensure continuous process improvement. ISO 9001
in this clause, recognizes the need for using measures to continuously measure the p ,
effectiveness and capability and the product characteristics. rocess
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It is this clause that underlines the use of metrics and lgys the basis for organizations
upon a bedrock of quality processes and keep on fine tuning them.

2.4 Differences Between ISO 9001, 9002 And 9003

oo st in the
As we have scen earlier, the difference between 1SO 9001, 5002 and 9003 lie gnm_anlvl ;gd i
gamut of processes covered. To recapitulate, ISO 9001 is applicable to companies 1;;21_6 pore
design, production, installation and servicing while 1SO 9002 is for those companies pasits
production and installation activities are invoived. ISO 9003 is applicable to those ¢0

engaged in inspection and testing activities viz., trading houses.

24.1 ISO 9002: 1987 compared to ¥SO 9001: 1994

® Since ISO 9002 does not take design and product development activities into Wﬂt’

Zy
Clause 4.4 of ISO 9001 (Design control) is dropped in ISO 9002. All other clauses !
Clause 4.5 to Clause 4.18, are moved up

0
by one in ISO 9002, e.g., Clause 4.3 of 1
9001 (Document and data control) becomes Clause 4.4 in ISO 9002.
0l
o Since ISO 9002 does nct take servicing ingo account, Clause 4.19 of 150 90
(Servicing) is dropped in ISO 900

ol
2. Hence, Clause 4.20 of 1SO 9001 (Statis!
_techniques) becomes Clause 4.18 in T

S0 9002,

. . .1987
e The ISO 9001 : 1994 talks about Corrective and i . 1e 1SO 9002 1
has only Corrective action mentioned. Preventive action while

242 1SO 9003 : 1987 compared to ISO 990} 1994

f
Since ISO 9003 : 1987 refers to Inspection ang Testi o olauses 0
IS0 9001: 1984 are dropped in 1SO 5003; U8 processes only, the following

o 1509001, Clause 4 3 - Contract review

ISO 9001, Clause 4.4 - Design Control
150 9001, Clause 4,6 . Purchasing

ISO 9001, Clause 4.7 .. Control of customer supplied product
18O 9001, Clause 4.9 ~ Process Contro]

£30'5001, Clause 4.17 - Internal quality ayqiyg
IS0 9001, Clause 4.19 - Sel'Vici.ng



2.5 Conclusicn

The study of the ISO 9000 series of standards show that good quality practices, as embodied in
the writings and works of quality gurus like Deming [DEM-86], Juran [JUR-89], Ishikawa {ISH-
85] and Crosby, have been built in the form of various clauses. Different sets of processes
covering the entire life cycle of a product or parts thereof have been covercd.

At the same time, supporting processes like configuration management, training, metrication etc.,
have also been outlined. The role of management commitment in ensuring quality has been

emphasized as well.

A striking feature of the series of standards ISO 9001, 9002 and 9003 is that flexibility has been
given 1o organizations to implement in any way appropriate to their own needs; as long as the
principles enshrined in the twenty clauses are incorporated in the quality system. Flexibility has
been given to ensure that organizations operating in different industries, in different
environments and cultures, with different practices, with different history behind them and with

varying technological strengths can all use these standards.
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CAPABILITY MATURITY MODEL

3.0 Introduction

The ability of a software development organization to develop sof_:tw_are that consis.tently me?t
the real requirements of a customer and doing so on time and wu_hm the budget 1s genefai
recognized 1o be fairly low across the industry. As the software projects conhimue 10 1NCIease ':)e
size and importance, this inability greatly increases the risk to the customer, This risk can only :
reduced by the software development organization if a focused and sustained effort is made 2
building a process infrastructure of effective coftware engineering and management practices.

N . o
To build this process infrastructure, software producers need ways to appraise the capabihty "
their processes to produce quality products. They also need guidance 10 improve their proces®

capability. At the same time, customers need ways to evaluate the software producer
organization o that customer nisks are minimized.

To help achieve both the above, the Software En

University, Pittsburgh, USA has developed the Capability Maturity Model (CMM) e

delineates the charactenstics of a mature capable software process. The progression from
immature software process 10 a mature, weil managed

. . . i
: : software process is oescribed in terms °
maturity levels in the model. Before going on to descri

del. B . be the CMM, however, let us briefly 10°
at what the Software Engineering Institute (SEI) is and what does it do

gineering Institute (SEI) ot Carnegie Mello”

The SEI is attached to the Carnegie Mellon University (CMU), Pittsburgh Pennsylvania, L \
1t 15 a federally funded research and development center, focusing on software engineering and
technology issues. The US Department of Defense (DoD), being 2 major user of softwart and
software services, funds most of the work of the SEI with the objective of promoting qualll.\'
practices in the software industry, and thus, indirectly minimize the DoD?s own nsk as
software buyer The SLI has 2 large numbet of publications 1 ‘red Lacly releasés
technical repons for public use ' ots eredi It regularly

3.1 The Capability Maturi odel — ver 1.1
3.1.1 History

In November, 19 K -

process matrity §r6a~mt:e SEI, with assistance from the Mitre Corporation, began developité R
WOTK A team nf dedieaied software engincers like Dr. Watts Humphs®'

project, (In fact, Watts Humphrey later came 1o be reg e g octively involved if

arded as the “Father of the CMM™).



In Sep. 1987, the SEI released a process maturity framework [HUMP-87] which was later also
published in IEEE Software in March 1988 [HUMP-88]. A maturity questionnaire was also
developed in 1987 to appraise software process maturity.

Humphrey’s book “Managing the Software Process [HUMP-89] expanded upon these concepts
and did much to popularize and propagate the maturity framework.

In 1991, after four years of experience with the maturity framework and feedback from the
software industry, the SEI evolved the framework into the formal Capability Maturity Model for
Software (CMM ver 1.0). This was embodied in two technical reports - {PAU1, WEB1].

In 1993, the Model was further refined and verston 1.1 was released. This remains the latest
version. Again two technical reports were released

e The Capability Maturity Model for Software ver 1.1 [PAU2]
e Key Practices of the Capability Maturity Model ver 1.1 [PAU3]

32  Overview Of The CM

The CMM provides software organizations with guidance on how to gain control of their
processes for developing and maintaining software and how to evolve toward a culture of
software engineering and excellence. It is a framework that describes the key elements of an
effective software process. The CMM describes an evolutionary iinprovement path from an
adhoc, immature process to a mature, disciplined process.

Apart from providing guidance through describing the improvement path, the CMM also allows
for assessment to judge, in a repeatable way, the level of maturity of an organization’s software
processes. Clear guidelines are available to perform self assessment as well as independent
assessment,

The CMM can be used for;

e Software process improvement, where an organization plans, develops and implements
process improvements, '

e Software process assessments, in which a trained team of software professionals determines
the state of an organization’s cumrent software process, determines the high priority software
process related issues and obtains the organizational support,

e Software capabijlity evaluatiops, in which a trained team of professionals identifies
contractors who are qualified to perform the software work.
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3.3 Structure of CMM ver 1.1

. Level
The CMM is composed of five maturity levels, numbered 1 to 5. Maturity increases from
1 progressively to Level 5.

Each level is composed of Key Process Areas (KPAs), with the exception of Leve! 1.
Each KPA is organized into five sections called Common Features.
The common features specify the Key Practices.

These key practices, collectively addressed, accomplish the goals of the KPA.

The structure is represented in the following page in the SEI literature:

Maturity Levels indicate R Process Capability
contain
|
Key Process Areas achieve
t'\‘b Goals
|
Organized

——.

Common Features [

address Implementation or
——— | Institutionalization

contain
i
Key Practices | describe Activities or
lnfrastructure
Fig 3}
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34 The CMM Maturity Levels

The five maturity levels are described below.

3.4.1 Levell - The Initial Level

At this level, the organization typically is characterized by lack of sound software engineering
processes and ineffective planning. The individuals constituting the project team are a major
factor in determining project success. Thus, within the organization, project success is not
consistently assured.

The software process capability at this Level is unpredictable and adhoc, i.e., the software
processes across various projects are not stable and consistent and are anyway constantly

changed or modified as the work progresses. The organization achieves “guality by chance”
rather than “guality by design”. This Level has been variously termed as “chaotic” or “software

development by black magic”

3.4.2 Level 2 - The Repeatable Level

. At this level, a software project management system together with policies and procedures to
implement those policies are in place. Project planning and control is based on experience with

similar projects. Thus effective management processcs are institutionalized, allowing
organizations to repeat successful practices.

The process capability of organizations at Level 2 can be said to be disciplined with basic
management controls ia place. Planning is realistic, based on similar projects ensuring that

earlier successes can be repeated.

It should be noted that only the management processes are addressed in this level. This implies
the project management processes like Project Planning, Configuration Management etc. None
of the processes which would have helped the project team to perform more effectively
technically are yet to be put in place, e.g., training, product quality metrics etc.

3.4.3 Level 3 - The Defined Level

As organizations mature from Level 2 to this level, a standard process for the organization is
developed and documented, which includes both software engineering, and project management
processes and these are integrated into a coherent whole. This standard process is referred to as

the organization process.

However, various management teams organization projects are free to tailor this process
according to their specific project requirements and unique project characteristics. This project
specific tailored process is referred to as the project’s defined software process.

Since projects may have their tailored processes, does this lead to a situation akin to Level 1
where each project follows its own processes?

!

The difference here is that the software process is well defined which contains a coherent
integrated set of software engineering and management processes. Also, the project’s defined
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software process, by no means, is a depariure from the orgamization process. Instead, 1t 15 2

customized, tailored controlled and distilled version in which the organization wide process
parameters are incorporated.

A company wide training program is implemented to ensure common understanding.

At Level 3 of CMM, the management has a good insight into technical progresses of all its of
going projects.

3.4.4 Level 4 - The Managed Leve)

Software measurements are an important charactedistic of this level. Since measurements 2/
necessary for management, this Level is called the Managed Level At this level, the
organization is able to set quantitative quality goals for both products and processes Productivity

and quality are measured as part of an organization-wide metrics capture rogramn.
organization wide software process database is used 10 coliect and analyze the data available.

Based on the data available, acceptable quantnative boundaries s
process performance Projects achieve contral by narrowing the va
fall within these boundaries. The effect of “noise”

accounted for. Risks are carefully managed

an be set for product a1
/ing the variation in their performance i
In these measures are recogmzed a9

Based on all thgse measures, predictive quantitative goals are set and variations managed 1h¢
process capability of organwzations Leve

14 can therefore be s : “oredictable”. The
products produced by this orgamization are of predictab| high guuTlriI:!a: 'zed as “predictable

3.4.5 Level 5- The Optimizing Level

Based on the metrics now available within the organization and the conti p lvsis of this
data and therefoge, continued corrective action taken to cnsure P'-‘rforma,?uc- ana 3}:;1 O 0
limits, the organization is now focused on CONtinuous process im i xC? 1&, within il
sirengths are identified pro-actively and processes are ﬁnemnq.—J\_m eaknes
- i

Project teams in Level 5 organizations analyze thei

eir defects .
causes and prevent these from happening. continuously to determine f00*

The process capability of organizations at thig jevel can be ch . . l
{mproving. Characterized as continuousy

Note that this is the only level where the present

organization 15 forever in the “Opﬁmizing” Stanf?ifj h:‘;‘hicn used 1n naming the level. An
enough. This is in line with the continuoyg i“'Pfovcmént ::lever be said to have optimuje’
[DEM-86] in the PDCA cycle. ONCepls propounded by Deming
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3.5 Key Process Areas (KPAs)

The component below the maturity level in the CMM structure is the Key Process Area. Except
Level 1, each maturity level is decomposed into several KPAs.

KPAs jdentify the issues that must be addressed to achieve a specific maturity level. Each KPA
identifies a cluster of related activities that, when performed collectively, achieve a set of goals
considered important for enhancing process capability. To achieve a maturity level, the KPAs for
that level must be satisfied.

The KPAs at each level are listed below together with a brief statement of purpose.
3.5.1 Level 1 KPAs - None.
3.5.2 Level 2 KPAs

® Reguiremenis Management:

The purpose is to ensure that a common understanding of the customer’s requirements is
amved at between the customer and the project team. Further, changes to these are managed,
and forms the basis for project planning and control.

e Software Project Planning:

The purpose is to ensure that reasonable plans are made for performing the software
development activities, and for managing the project.

o Software Project Tracking And Oversight:

The purpose is to ensure that actual progress is known and monitored against the plans so
that adequate action can be taken as and when required.

e Software Subcontract Management:

The purpose is to ensure that qualified software subcontractors are selected and managed.
This applies in situations when the software organization subcontracts software development
outside the organization.

o Software Quality Assurance:

The purpose is to ensure that the management has adequate insight into the process being
used by the project, and of building the products.

e Software Configuration Management:

The purpose is to ensure that the integrity of all products of the project, whether intermediate
or final products, are managed effectively. . ‘



3.5.3 Level 3 KPAs
The KPAs at this level are:

o Organization Process Focus:

The purpose i 1o ensure that organizational responsibility for process activities s
established.

» Organization Process Definition:

The purpose 1s 1o develop and maintain a usable set of software processes across the
organization.

o Training Program:

The purpose is 10 ensure inat tie skills and know of indivi d so that
ledg tha!
they can perform their roles effectively. edge of individuals are developed >

o Integrated Software Management;

The purpose 1s to ensure that th
e software ensineers jvities A/°
e o , ngimeenng and management achivities
grated into a conerent, defined software orocess for the pro o d from !
organization’s standard software process e project. This is tailoce |

e SW Product Engineering:

The purpose is to ensure that th
: € process
performed. This KPA describes the tec:hnic:lc

' ‘ defined at  the project level is consistent!y
like requirements analysis, design etc

activities of the project, e.g., all SDLC phas®>
o Intergroup Coordination:

The purpose is to establish
A a means for th
with the other engi ; ¢ software ep ) :1pall
BINCEIING Broups so the project necr ,mgmee“"g group 1o actively particip’
s LR S 15 mo. . e
o Peor Reviews: te effectiv ely

The purpose is to ensur

. ¢ that defe
Peec reviews here does not only ?;Seﬁ'om the software are o em < ently-
understood but the process of a| veriﬁan the technic oved early, and eftic

K ue & N .
cation reViewS]_ of “peer reviews® as js commo
3.5.4 Level4 KPAs

The KPAs at this level are:

o Quantitative Process Managemen;.
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The purpose is to ensure that the process performance is controlled quantitatively. The
performance is measured from the actual results achieved when a particular process was

followed.
e Software quality management:

The purpose is to ensure that the products are quantitatively understood and specific quality
goals are achieved.

Both the KPAs above also imply an ability to predict quantitative quality goals for both
product and processes.

3.5.5 Level SKPAs
The KPAs at this level are:

e Defect Prevention:

The purpose is to identify the causes of defects and prevent them from recurring. Software
processes are changed, if need be.

o Technology Change Management:

The purpose is to identify beneficial new technologies, €.g., tools, processes etc., and transfer
them into the organization in an orderly manner.

e Process Change Management.

The purpose is to continuously improve the software processes used in the
organization with the intent of meeting the needs of the customer more effectively.

3.6 Common Features

As mentioned earlier, each KPA consists of Key Practices, which for the sake of convenience
have been organized into groups called “common features”. The Common Features indicate two
key aspects of a KPA - nstitutionalization and implementation of a KPA. Together, these
indicate whether a KPA is effective, repeatable and lasting.

The five common features are described below. The common feature “Activities Performed” is
the only group that describe implementation of a KPA, while the others describe
institutionalization. Within the latter, the first two, - Commitment to Perform and Ability to
Perform (Sec 3.8 and 3.9), describe practices that must be in place ex amte - before the
implementation can take place while the last two- Measurement and Analysis (Sec 3.11) and
Verifying Implementation (Sec 3.12), are ex post - after the implementation has taken place.

The Commitment to Perform and Ability to Perform common features are called Enablers, since
these must pre-exist for the practices given in Activities Performed to be executed, while
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Measurement and Analysis and Verifying Implementation are called Evaluators,
evaluate the extent to which the practices given in Activities Performed are carme

since these
d out. The

relationship berween the common features can be depicted as given in Fig 3.2 below.

Enablers
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Training
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This common feature describes the actions the organization must take to ensure that the process
is established and will endure. This is typically done through written policies and management

commitment and ownership for the KPA.

As said earlier, this common feature, together with others, addresses institutionalization of the
KPA ex ante.

3.6.2 Ability to Perform

This common feature describes the pre- conditions that must exist to be able to implement the
process effectively. Typically, this involves providing resources, organization and training to

implement the process.

As said earlier, this common feature, together with others, addresses institutionalization of the
KPA ex ante.

3.6.3 Activities Performed

All the procedures necessary to implement a KPA are described in this common feature. This
generally involves establishing plans and procedures, performing the work, tracking it and taking

corrective action, as necessary.

This is the only cominon teature which addresses implementation of the KPA.

3.6.4 Measurement and Analysis

This common feature describes the need to measure the process and analyze the measurements.
This typically involves examples of the measures that can be captured during the process and
analyzed to identify areas of improvement. These then determine the status and effectiveness of

the practices under Activities Performed that have been implemented.

As said earlier, this common feature, together with others, addresses institutionglization of the
KPA ex post.

3.6.,5 Verifying Implementation

The pl:actices .in this group describe the steps required to ensure that activities are performed in
compliance with the established processes. This typically involves reviews and audits.

As said earlier, this common feature, together with others, addresses institutionalization of the
KPA ex post.

3.7 Key Practices

The final and major component of the CMM are the Key Practices, As the name implies, these
are the activities required to be performed to ensure either institutionalization or implementation
of each of the KPAs within each maturity level. Since the way the activities are carried out may
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differ from organization to OTgamzation, the REJ hy. only defined w/iur needs to be done and not

hiow it has to be done. These provide the description of all common features. The Key practices
provide a succinct explanation of each common fearyre Each common feature within a KPA
may have several key practices, each of wiych has a specific number. For example, the
Commitment common featyre in Software Project Planming has ~ practices numbered as CO.1,

CO .2 etc, while the Activities Performed in this Kpa has --- key practices, numbered as AC 1,
AC.2, AC3 eic.

3

: o ! } Old letters These /e mandatory to be followedd
.l'hcre are also a large numbper of b kcy practices which are Provided by way of explanation an
tHustration and are thyg Dot mandatory.

The Key practices are written in the Ching inhb
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e
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3.7.3

e Planning data is recorded

Level 2 — Software Project Tracking and Oversight

This looks at project monitoring and control throughout the project. The key practices for this

are;

"3.7.4

The project plan mentioned earlier is used for tracking the project activities.
This plan is revised according to documented procedure.

All the items in the plan for eg., work product, size, effort, cost, schedule, risk etc., are
trucked and appropriate action taken if necessary.

The project team conducts periodic internal reviews.

Formal reviews with the end user and senior management are held.
Issues that affect other groups are tracked during the project.

Level 2 — Sub contract Management

Since the objective here is to ensure that the organization is able to select and manage effectively
the vendors to whom it may assign certain parts of the project, the focus here is to exercise
effective control and appropriate milestones over the vendors performance etc. The practices are:

3.7.5

The work to be sub-contracted is defined and planned.

There is a procedure for the selection of the vendor and this procedure is followed.

The work is managed accoraing to & contractual agreement.

The software development plan made by the vendor is approved by the prime contractor.
This plan is used for tracking the project.

Periodic reviews are held with the sub-contractor. These may be held at the management
level, technical level, quality assurance group level and the configuration management
group level.

The prime contractor conducts acceptance testing.

The sub-contractor’s performance is evaluated on a periodic basis.

Level 2 — Software Quality Assurance

The SQA group is involved at the project level in auditing the software nroducts and activities
They get involved in the review of the plans to ensure thaf they meet the project needs-and thai
management gets a visibility on to whether the software project is adhering to its established
plans, standards and procedures. The important practices in this KPA are:
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e The software process data base of the organization is used.
e Training on the processes is co-ordinated at the organization level.

e New tools processes and methods are evaluated and if appropriate, transferred to other
parts of the organization.

e Dissemination of information on the organization process, development and improvement
is done across the organization.

Please note that it is in this KPA that CMM first talks about an organization wide process view
and the use of a process data base.

3.7.8 Level 3~ Organization Process Definition

In this KPA, the activities required to deveiop processes to be used across the organization are
discussed, The relevant practices are :

® The Organization Standard Software Process (OSSF) is developed and maintained
according to a document procedure.

o There are organization standards for documenting these processes.
o Software process data base as well as a process library is maintained.

e Please note that a process data base is the one where the metrics data is all stored.

3.7.9 Level 3~ Training Program

This is the KPA where CMM discusses the training activities .in. ghe organization. There is a
training group set up which performs these activities. Specific activities are :

e Training is planned both at the project level and the organization level.
e Training is performeci in accordance with the organization plan.
e Training courses are developed and maintained according to organization standards,
e Training records are maintained.
3.7.10 Level 3 - Integrated Software Management

This i‘s a‘K.P’A that primarily looks at project planning in tracking issues but by the use of the
organization’s standard processes defined in OPD earlier. The activities are very similar to that
in project planning and tracking except the following editions

o Prpject has defined software processes which are tailored from the OSSP,

e This DSP forms the basis of the project plan and subseqﬁent monitoring control as well.
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e The process data base is used for project planning and estimating. This means that {0
past data is used as a basis for estimation.

.. . . . . . - ‘AL
The other parts are similar to that given n project planning and project tracking at B i

Level 2 except that in this KPA the words used are “managed  nstead of “plan
“tracked”.

3.7.11 Level 3 — Software Product Engineering

This is a KPA that essentially describes the engineering function inside the project Hfus the
phases of the project nameiy, system analysis, system design, coding and testng 4re descnbéd n
this KPA. All these activities are done according 1o the projects DSP. Testing may be at vanous

levels which include unit testing, integration testing, system tesung and acceptance (€shng The
two important activities which we believe are the important value additions mn this KPA are’

e Defects data are captured and analyzed This therefore, becomes an activity which 15 very
metrics intensive.

e Consistency is_; maintained across all the software work products so that the used need
(allopate req_uurements), software requirements, software design, code and test plans are
consistent with each other. This is best achieved by traceability metrics.

3.7.12 Level 3 — Inter-Group Co-ordination

This is a KPA that looks at how the various groups interact with each other. In a typical MM
organization, there would be various engineering groups all involved in deveio ing various pat?
of the project for eg., hardware engineering group, software engineering group sgxte preparati©”
etc In most of the software organizations which are involved in developing sofst)\:va.re alone, these
groups may not be pertinent, however, groups like facilities management, recruitment etc il of
whose work has a significant impact on the quality of work done b ’the itm \ teal.!.] 3
practices fpcuses on the fact that the project team and the other affected y . prﬁjecl e Qeniiy
discuss with each other and the commitments from one to the oﬂglzr ui)rses k(x):)wn :n arc

documented. Also if inter group issues are _
Process. i not solvable, there should be a issues handinB

3.7.13 Level 3 — Peer Reviews

It is only in this KPA that CMM has started to dj
: _ 0 discuss the n ‘ n
effective quality control technique so that defects can be ident?ed Fad conduct of reviews %

cycle Although the CMM has talked about pee i e : S

restricts itself to peer reviews alone This h?is I;er:: l;\::l'encil:aiot: essegx tial that th? organlzi::ora
Paulk and others who have defend‘ed .the use of peer reviews andypglilmsezfluent amcles. by .done
py peers Lenfi to be much more effective than those done by other peopl out tt}at reviews "
if the organizanon culture 18 such that there is a lack of free ef }?D e Thisis espectally .
identification unless the producers' peers are the only one pr change of ideas and _def_ec

may find that the only ones competent 1o present. However, many organizatio®®

con ;
a seenario, it would be okay for the review(:u::(: t}l:: :evxgws a:e the producers’ seniors, 1n Su¢
. e CO L~ - .
Therefore, we supgest that this KPA be viewed not as-;ui;lteu by persons who are not peers
as

a “peer review” but a pure af

fied and removed early in the Bi¢
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simple “reviews” KPA. Reviews may be held by any technique for eg., Fagan Inspection,
Structure Walkthru etc., as long as the following formality is adhered to :

e Reviews are always planned.
o The findings are logged.
e Findings are closed.
3.7.14 Level 4 — Quantitative Process Management (QPM)

In this KPA, the emphasis is on controlling the organization’s previous projects and activities.
The past performance of the projects in the organization are captured through metrics data and
stored in the process data base as mentioned in Level 3. Based on that, an understanding of the
process capability is obtained. Process capability describes the range, expected outcomes from
following a software process for eg., the most likely outcomes that are expected from the next
software project the organization undertakes. These are documented as we shall see later in
Chapter 7 in Capability Baseline Reports. These process capability data are in turn used in the
software project to set their performance goals and hence to monitor their performance against
- these goals. Chapter 7 — Metrics describes the Capability Baseline and other issues in more

detail. The activities in this are :
e The software project plan defines how the quantitstive process management can be doue.
"In this plan, the projects’ goals are also defined in quantitative terms. Goals shall relate to
the software products, quality, project productivity and other performance like effort
variance, schedule variance etc.

e These QPM activities are performed in accordance with the QPM plan.

e The project DSP also defines the stratsgy for the data collection and the analysis that
would be done on the data.

e If the project goes out of quantitative control, it is brought under control according to
documented procedure.

o QPM reports documenting the results of QPM activities are prepared and distributed. The
process capability baseline for the OSSP are <stablished.

3.7.15 Level 4 - Software Quality Management

In this KPA, quantitative goals for the software products are defined and plans to achieve these
goals are documented. Practices in this KPA are built on the practices of the ISM of the
integrated software management and software engineering at Level 3 and the QPM — QPA at
Level 4. The activities are :

° The' project has a software quality plan which has the basis for SQM activities in the
project. ’ .



e Goals for the nroduct are defined quanutatively. These goals may be linked to defect

) : for
density, meantime between failures, defect age. Please see Chapter 7 of this thesis
more detatls.

L d
Actual data emanating from quatity control acqtvities ke testing and review are captuic
and analyzed to ensure that the products’ goals are met

In case the project is done by a sub-contractor., there are appropriate quality gouls for that
as well

3.7.16 Level S — Defect Prevention

In this KPA, defects are analyzed 1o identify the root causes so that preventive defects aré oot

repeated m the future Trend analysis 1s a useful method of identifying root causes Thest

provide insights into how the projects DSP behaves and can be improved to prevent defects from
recurring. The important activities ars

o The software projects develop and mantain o defect prevention plan. At the begnning of

a task the project team needs 10 prepare for the activities of the task and examine any
related defect prevention activities.

Mectings are held to idenufy the root causes. Find; i ivities
' ings of this defect prevention achiv!
are shared between teams and if need be the OSSP and the DSP ase relfised_

3.7.17 Level 5 - Technology Change Manugement

In tius KPA, 2 specific group is established which works wi
new iechnologies and manage changes to existin

makes itself aware of new technologies and sel

itv of i e eCts appropriate technologies to improve U
quahty"o fits software and the productivity of its projects These technola o rroduced 1rs!
on a pitot basis and if the results are satisfactom gics are Iinit

The wmportamt activities are .

these are transferred across the orgamza“on'

th the software projects to mtro‘?u-ce
technologies The organization pro activit

o Thereis a technology change
management plan at th 1zt
. P € orgamzation level
» The technology group pro actively ard svs.en,
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appropnate training 18 1mpasted as in the TCM-KPA in section 3.7.17 above. These are
introduced on a pilot scale and then introduced throughout the organization. The important

activities are °

o Process improvement activities are co-ordinated by the process group in the organization.
This may be the SEPG as defined at Level 3 -0OPF - KPA.

o Process improvement activities are based on an organization wide plan.
e There is a procedure for handling process improvement proposals.
Specific process improvement teams may be set up across the organization for specified

process arcas.

These process improvements are instalied on a pilot basis first, If results are satisfactory
then chanaes are made to both th¢ OSSP and the DSP.

. Summnary

Ir, the preceding sections, we have attempted to provide a detailed exposition of the practices of
all the requirements that a software organization needs to fulfil at each level. Having understood
these requirements from the CMM view and also having understood the requirements from the
ISO standpoint, we shall now study in the following chaoters the implementation approach for an

organization to move from Level | to Leveld.
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CHAPTER 4

TRADITIONAL APPROACH TO CMM LEVEL 4

4.0

In this chapter, the traditional approach to implementing CMM Level 4 and Level 5 in an
organization is discussed. By the “traditional” approach, we do not mean that the CMM has
specifically laid down this approach; in fact, the CMM (like the ISO 9001) is a collection of
process requirements and does not advocate any implementation approach at all. Yet, and this is
another difference between CMM and ISO, the way that the CMM is structured points to an
underlying implementation approach. This approach is predicated on the concept of increasing
levels of maturity that an organization attains and, thus, takes “one step at a time”.

This approach has inherent limitations which stand in the way of speedy and smooth
implementation, as we shall see below. These limitations have been described in the following
sections, Section 4.1 provides an overview of the traditionai CMM approach, Section 4.2
" describes the roadblocks which organizations face when implementing CMM by the traditional

route.

4.1 Overview Of Traditional CMM Approach

The Capability Maturity Model provides a progressive implementation path for an organization
at the Initial Level and moving to higher levels of maturity. This calls for an organization to
move in specific gradations from Level 1 to Level 2, then Level 3, Level 4 and Level 5.

This is depicted as follows :
/‘J -
L4
L3
L2
L1
Fig 4.1
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4.1.1 Moving from Level 1 to Level 2

AS We saw earlier Chapter 111, orgamzations 4! the lnm..l‘lvc-.u - Lev'u.jl 1 d?-,noi‘-.l:i:u?':\l(
processes in place. To move jo the Repeatable Level - Leyel = CCTlam management proce

the project level need to be put 1n place The project matuye
and described at Level 2 1p the CMM bccau;c of the realiza
processes, 1t is essential that rundamental project managemen

ment processes were taken up first
tion that, before tackling any other

* Requirements Management
* Software Project Planning

Software Project tracking and oversight
* Configuration Management
* Software Subcontract Management

* Software Quality Assurance

Each of these KPAs require certaip key practices 1o be in place These have been discussed 17
Chapter 111

However, the salient implementation POINtS gres
o User needs (called “allocate
documented and useq as the
requirements and managing

d EQuirements” CMM) n
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project. These practices g ot and

hould be up uality assurance practic
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the progress of the work dope by the g M2l organizg

s are followed in the

As we can see, the ®Mphagis ;s
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4.1.2 Moving from Level 2 to Level 3

Subsequently, after a perod of stabilization at Level 2, the organization could start to move
towards defining processes at the organization level so that there is 2 conscious move towards
standardizing the processes across all projects. A group like the Software Engineering Process
Group (SEPG) is set up to co-ordinate process development across the organization. Although
there is a standardization of processes, projects may choose to follow their own processes (called
Defined SW process) by following tailoring guidelines. The KPAs at thus level are:

Organization Process Focus
Organization Process Definition
Training Program

Integrated Software Management
Sofilware Product Engincering
Intergroup Coordination

Peer Reviews

Each of these KPAs require certain key practices to be in place. These have been discussed in
Chapter III. However, the salient implementation points are:

(+]

4.1.3

Set up a SEPG

Define organization wide processes (called Organization Standard Software Process ~
OSSP)

Establish a process data base
Develop tailoring guidelines

Projects vse tailoring guidelines to define their own processes (called Defined Software
Process — DSP)

Provide training

Define the engineering life cycle (Sofiware Development Life Cycle)

Set up the system of conducting reviews

Ensure that inter group coordination issues are adequately handled in the projects.

Moving from Level 3 to Level 4

Once processes and metrics have been defined and started being used as explained in the earlier
sections, the organization is now in possession of a large amount of quantitative data. This data is
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) onitor
now analyzed and capability baselines set up. These baselines are used to predict and 1 d the
process performance and product quality. Control linuts and target values are set up 0
project uses this for monitoring its performance vis a vis these himits.

The KPAs at this level are:

e Quantitative Process Management

e Software Quality Management
Chapter 5 describes the implementation steps at this level.
4.1.4 Moviog from Level 4 to Level 5

Once an orpanization has established process Mmeasurements and quality plans, it can us€ these

C experiences gained from projects i used i
make process improvements (0 the processes. The extensive data on the software process 1 U
to evaluate process effectiveness and make regular adjustments This provides a ¢oundation tor
continuing process improvement and orderly and planned productivity improvement. The BPA°
at this level are: Y Impro :

e Defect Preveniion

e Technology Change Management

e Process Change Management

Chapter 5 provides implementation guidelines 1o implerent this | !
: 18 level,

42 Limitations in implementing I eve) 3 |,
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The roadblock that would be faced is — who writes these policies at the organization level?

There are two options.
Option 1 :

Since this is a Commitment Feature Key practice, leadership of the organization may write all
these policies. Having the leadership (senior management) write this, especially in a small
medium software organization would impose an unacceptable burden on the time of the CEQ or

other senior management.

Option 2 :

The other way to do this would probably be a central group co-ordinating the development of
this policies manual.

Note that, at this point of time, neither does this central group exist nor has the CMM provided
any insights into the setting up of this group at Level 2. This central group then starts acquiring
the contours of the SEPG, a requirement that CMM has discussed only at the Defined Level

Level 3. Note that, at this point of time, this central group does not exist.

4.2.2 Decumented Procedures

The CMM has defined certain Key Practices in the Activities Performed, common feature which
are to be done ‘according to a documented procedure’ (The SEI CMM Lead Assessors guide
calls this ‘a doc proc’). There are 24 such documented procedures required. These are :

SW Project Planning :

1. AC 4 - External Project Commitments are reviewed with senior management a doc proc
2. AC 5 - Project plan is developed a doc proc

3. AC 9 - Estimates of size are derived a doc proc

4. AC 10 - Estimates of effort and cost are derived a doc proc

5. AC 11 ~ Estimates of critical dependencies are derived a doc proc

6. AC 12 — Estimates of Software schedule are derived a doc proc

SW Project Tracking and Oversight
7. AC 2 - Plan is revised a doc proc

8. AC 3 — Commitments external to organisation are reviewed with senior management @ doc
proc

9. AC 13 - Milestone reviews are conducted a doc proc
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SW Subcontract Management

10. AC 1 ~ Work to be subcontracted, defined and planned a doc proc

11. AC 2 — Subcontractor selected a doc proc
i2. AC 6 — Changes to work are resolved a doc proc

13. AC 9 — Milestone reviews are conducted a doc proc

t4. AC 10 - Prime cortractor’s SQA monitors QA activities a doc proc

15. AC 11 — Prime contractor’s CM group monitors CM activities a doc proc

16. AC 12 — Acceptance testing is conducted a doc proc

SQA
17. AC 1 - SQA plan is prepared for the project a doc proc

18. AC 7 - Deviations in SW activities and Work products are documented and handled @ 4%
proc

SCM

19 AC 1 — CM plan is prepared for each project a doc proc
20. AC 5 ~ Change requests are tracked a doc proc

21. AC 6 — Changes to baselines are controlled g doc proc

22. AC 7 - Products from baseline library are created and release controlled a doc proc
23. AC 8 — Status is recorded a doc proc

24. AC 9 — Baseline audits are conducted g doc proc
The roadblock — Who writes these procedures?

Since these are not ‘Commitment to Perform’ L

) A e Y Dt . 14 not
be involved in writing these. The choice then is bete actices, obviously the leadership wou'®

N t N . v
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423 Training

The CMM has focussed on the need to provide training in all the KPAs — the key practices in the
Common Feature — “Ability to Perform” reflect this. This has rightly been done since an
effective development of processes requires all concemed people to have received the required
training. In fact, CMM has used two terms — ‘training’ and ‘orientation’. Training is a full
fledged, in depth learning imparted to the concermned individuals, while orientation implies only a
top level, overview being imparted — generally on the concepts, need and salient features of the

process.

In many instances, CMM has required that the persons doing the work receive training while
persons affected by the work (those not actually doing the particular process, but using the
results of the process) receive orientation on the process. An example of this is found in the
Software Quality Assurance KPA where Ability 3 requires the members of the SQA group to be
trained on the SQA activities while the project team members receive orientation on the role,
responsibilities, authority and value of the SQA group so that they can better utilize the services

of this group.
The roadblock in this is - “Who provides, or at least, co-ordinates the training?”

Please note that the training function has been described only at the Defined Level 3. Unless the
organization has this function in place, the training needs can only be fulfilled either by the
central group that wrote the processes, as described earlier, or the project takes on the
responsibility of ensuring that this is done either by the SQA group or other project members. As
we saw earlier, unless the project is a very large one, project teams will not be able to spare
resources to provide this training. The project team needs to depend on a central training function
to ensure that this is done — an aspect that CMM has only focussed on at Level 3.

4.2.4 Ownership of Project level processes

We now come to another aspect of implementation which becomes a roadblock not for
implementing Level 2 but when moving from Level 2 to Level 3.

This happens because of what we can call “ the emotional ownership of processes”. Since
processes may differ between projects in a Level 2 organization [CMM], Page 18, Section 2.1.2)

and these processes would have been developed within the projects, either by the help of the
SQA group or without, project managers and project teams would develop strong emotional
bonds to the processes they follow. This emotional ownership of the processes is obviously very
good at Level 2 since these lead to effective process deployment and usage. The roadblock
comes when moving from Level 2 to Level 3.

At Level 3, when there is an attempt to develop Organization Standard Software Processes
(OSSPs), the emotional ownership, of the project teams, of their respective processes prevents
them from being open to adapting a process which are different from theirs. While developing an
OSSP, the SEPG would obviously survey the existing processes in areas like project planning
and project tracking and recommend a “ best practice”, a process which would apply to the



whole organization by taking the elements which have been found 10 be best suited to the needs
of the organization. However, at the time, the project teams, having becuine accustomed 10 the
processes in their individual projects and because of the emotional ownership factor, are

extremely, and naturally, reluctant to change. This resistance becomes a roadblock in the way of
developing and using OSSP’s in the organization.

In the fevy instances where the roadblock was overcome quickly, We noticed that this was done
by allowing each and every project to tailor the OSSPs so much that the project’s Defined
Software Processes (reference OPD KPA and {SM KPA) bor

_ e little resemblance to each other,
even i areas ke project planning and project tracking, as embodied in the Integrated SW
Management KPA.

Thus, this roadblock has significant impact when an organization moves forward from Level 210
Level 3 implementation.

4.2.5 Deployment of the SOA Function

This factor is not as much of a rowdblock as an i f
CK as an issue on whic > s amount ¢
confusion on how best to implement i, h there is a fair

As we saw earlier in Chapler 1, it is generally recopn; :
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being mnjected nto the product. The CMM in defining the activits 1S preventing 0o A KPA
has discussed the need for process review hy thie gro, “" C Ivities performed in the 3Q “
for conducting product audits. It is the latter Issu up 1o e
i.e., if the Quality Assurauce group gets

‘ : . work e Tl e
involved in techmical reviews, and thys Quality Captret l?fof}uct audits, is it not then g;v' e
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into these aspects are not given in the CMM 10 conduct sych product QC activities. Insigh

‘an IS
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In the absence of these insi

: ) ghts, we find that « )
in a variety of ways, some of whic hat sofiware Orgamizations implement the SQA funcuoﬂ

har )
¢ described Jater 1 Chapter 6 of this thesis
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CHAPTER §

" MODEL OF THE INTEGRATED APPROACH, USING ISO 9001

5.0 ln_trgduction

The difficulties faced by several companies in achieving high levels of maturity in CMM (Level

4 and above) by following the traditional approach outlined in Chapter 4 led us to examine if an
alternate approach was possible which would circumvent and thereby avoid the roadblocks we
discussed earlier. This led 1o the development of what we call the Integrated approach to

implementing CMM.

A model of the Integrated Approach is given in Section 5.1. The steps involved in transitioning
from a Level 1 organization to ISO 9001 are given in Section 5.2 while the steps recommended
for an ISO 9001 organization to move to CMM Level 4 are explained in detail in Section 5.3.
Section 5.4 lays down the steps required to move from Level 4 to Level 5.

5.1  Need for the Integrated Approach

- An analysis of the organizations that have been assessed for various CMM levels in India and
around the world was the subject of & presentation made to SPIN, Chennai in Oct 1999 [SPIN-

99] by the author and is relevant for describing the nced for an integrated approach.

According to the list of CMM assessed companies published by the SEI in Oct 1999 [SEI1], the
distribution of Indian companies and US based companies at various levels is as follows:

This shows that therg is an intgresting_ phenomenon happening in India now viz. there is a

preponderance of: Indian companies at higher maturity levels than at lower levels. For example,

of all the companies at Level 4 and 5, more than haif the companies in the world are from India.

me;, mifv tl:asn 3: l% of Indian companies that have gone in for CMM assessments are at
or Level 5 while in the US, only 20% of the CMM assessed compani

higher. See Figs 5.1 and 5.2. pasics ave at Level 4 or

*»
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5.1.1 Posing A Question

Seeing the above data, the question that comes to mind is “Why is this so? Are we witnessing
this distribution only because most Indian companies do not consider it worthwhile to go in

© for CMM Level 2 and 3 and instead shoot for CMM Level 4 and 5 directly or are there indeed
other reasons which might be worthwhile to investigate?”

We believe there are five factors which could provide answers to this question:

1. Demand Pull Factors: This can be classified into -

o Competitive marketing factors : Since Indian software organizations operate in a highly
competitive environment, a quality certificate provides a vital edge — thus marketing

pressures are very strong

o Genuine management reafization re process based quality: Management commitment in
most Indian cos. is extremely high. This may be because most Indian SW export work is

based on outsourcing —~ thus

~ emphasis needs to be on documentation

~ emphasis needs to be on processes

As Mark Paulk put it in his paper (PAU4) “Quality is crucial for repeat business” in India; I
believe that this statement alone sums up the demand pull factors.

2. Supply Push Factors:_ There are also a number of factors that one should consider which we
have called the supply side factors -- these serve as push factors for the quality initiative. These

ate:

e Education : The average SW person in India is highly educated with most being Engineers or
post graduates in Science. Therefore, these people understand the need for a systematic way
of doing things to achieve sustainable quality (PAULK99).

e Cultural factors: Although the average Indian tends to be highly individualistic in his social
behavior (The constant jumping of a queue by most of us is probably due to this
individualistic streak — the urge to do something different especially when the costs of doing
50 are not high makes us almost instinctively look for ways to “get around” the laid down
rules), this behavioral trait is the opposite at our work place. At the work place, we fend not
to rock the boat and the attitude becomes “Let us do it if it is no big deal”. Thi; leads to the
average Indian SW professional becoming a conformist at work which then leads to
increased compliance to laid down processes.

3. Assessment Factors: This is one factor which should be a matter of concern for the Indian SW
industry. Since the CMM assessment is an internal assessment process, the assessment team
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L2

Fig. 5.4

L1

As we have discussed in Chapter 4, software companies are faced with certain roadblocks when
. using this approach 10 CMM implementation. This is especially true for companies that do not fit
the typical organizational profile that CMM assumes. (Please see Annexure 1 ).

The alternate Integrated approach that we recommend has been proven to be an effective
sense that it takes much less time and costs for an organization to move up the

approach in the
maturity curve than by the traditional route. This is achieved without sacrificing the quality of

processes used and therefore is an approach thai many organizations in India are beginning to
follow. We call this the Integrated approach, since it makes use of the ISO 9001 standard while
moving to CMM Level 4 and then Level 5.

The Integrated approach may be modeled as under :

Integrated
approach I Level 5

—__/—-—* Level 4
/'

150 | Level 3 Traditional
approach
Level 2 '
7.
Level |
Fig. 5.5
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In this approach, organizations first implement processes by choosing the 1SO 9001 framew?!rli
Having implemented ISO 2001, the organization then moves on to the CMM framework and i3
able to plug the gaps that were required in Leve| 2 and Leve| 3 fairly quickly. Cnce the processes
are in place, it is only a matter of time when the organization has enough richness of data to

acquire Managed Level Maturity (Level 4). Having acquired Level 4 maturity, the organization
follows the SEI recommended path to CMM Level 5

The broad level tasks in the Intes
need to do are:

a) Implement ISO 9001 : As we have diseussed clsewhere in this thesis, our experience tels

us that organizations should not take more than 12-15 months time to get 1SO 900!
certification. A detailed implementation sirategy for ISQ 9001 ig given in Chapter ¢,
Section 6.2

b) Perform Gap Analysis for CMM Level 4 requirements: This js done to identify both

process and metrics gaps. Thus the two 82p analysis is done in parallel, Details of s
gap analysis is given in Chapter 6, Sec 6.3

¢) Plug gaps: Again, both process 83ps and metrigs
revising the dozumenteq processes and
organization. Details are given in Chapy

cao e SaPS need to be bridged. This is done by
ldemlfy"‘g metrics 19 he implemented across the
er 6, Sec 6.4

d) Deploy processes and stabilize: The Pracesses - fler
' 24 and met - oyed a
zdequate tramming to all concerned Afier Cirics are now deploy

. Some period, the TOCess usage and metris
implementation are Stabilized throughout the Organizatioy [f ,_I;Ie paps idcrgltiﬁed vis @ vis
Level 4 hnvch been properly filied ang implementation 1S consistent with (hes¢
Tequirements, the Ofgamization shoulg pe at CM , i iven I
Chapter 6, Section 6.5 M Level 4 by now Details are BIve

€} Improve processes continuously: Now that metric

t
: S and processes are in yse throughov
the orgamzation, there is 5 Proactive drive towgrqs continyp improvement:
This leads to Leve} 5 Capability Us process imp
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These tasks are depicted in Fig 5.6 below.

Implement ISO

!

Perform Gap
Analysis to
CMM Level 4

Metrics
Gaps Gaps

Bridge Implement
Process Gaps Metrics

.
o E—E

CBA-IPI

Contipuously iraprove /,

Fig 5.6

5.3 Advantages Of The Integrated Approach

YVe shall discuss the advantages of the integrated approach on two fronts (i) it takes much less
time to reach Level 4 by using the Integrated approach and (ii) the strengths of ISO are captured

while implementing CMM

-+



5.3.1 Reduced Time Frames For Implementation

The major advantage in this approach is that the roadblocks that we identified earlier are not
encountered by following this route. This brings about a degree of process culture and stability

very quickly in the organization, something that would not have been possible by the traditional
reute of CMM implementation,

Having achieved ISO 9001, the organization would find it easy to move on 10 the CM_M
framework. Certain gaps at Level 2 and many at Level 3 would obviously exist (especially With
regard to metrics) but the organization , having got accustomed 1o a process culrure during 150
9001, would find it rather easy to implement these. Moving on then from a regime of proces®
stability, many of which enable metrics collection in a continuous manner, to an environment
where metrics are analysed, capability baselines and quality goals set up and then used 10

quantitatively control the project in terms of both process performance and product quality 18 a
smooth transition.

We have seen that organizations which chose the Integrated approach are able to reach CMM
Level 4 maturity in 3 years time {starting from a Level 1 capability). Some have reached Level 4
in 2.5 years time as well, starting from scratch. This contrasts with the experiences of severa!
other companies which have reported much longer time frames by going the traditional rout®

Typically, for an organization to reach a Level 2 maturity from Level 1 would requir¢
around 2 years and another two years to reach Level 3. Published literature giving speci™
ume taken to achieve these maturity levels was rather sketchy — however Motorola $
Transmission Products Group (MOT2), Grumman Data .

-9 - OHL-
94] reported their expeniences which appeared to confirm Ei?:boil nd Sshlumberger o
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e This is borne out by the example of all CMM organizations that we have studied (Ref
Chapter 8 of this thesis). None of the 8 organizations (in fact, many more that we have
had occasion to provide consulting services to, but have not listed in Chapter 8), had the
sub contractor management KPA assessed during their CMM assessment and reported
that this KPA was “not applicable”. However, all these companies were 1SO certified

during which the Procurement function was indeed audited.

o Internal audits, Clause 4.17 of ISO 9001: We believe that this clause is one of the great
strengths of ISO 9001. Although CMM has also described the need for periodic
assessments in the Organization Process Focus KPA, we find that ISO organizations get
internal audits at least once in 3 months time while CMM organizstions (which do not
have ISO) would do repeat assessments only once in 12 — 18 months (experience from
industry shows that even this is optimistic, with most organizations not doing any re-

assessment at all).

e The reasons for this are that the ISO registration audit procedures require that re-
registration audiss be carried out once every 3 years and surveillance audits every 6
months {TIC-92 - TICK IT Lead Auditors’ guide]. Also the audit procedures are such
that the audits can be completed in 2-3 days time [TIC-96 - Lead Auditors’ Training
material]. This leads to internal audits generally being done at least once every 3 months
in most ISO organizations and once every 6 months in the worst case scenario. CMM, on
the other hand, has not mandated any periodicity for the process assessments (to quote

. “The sofiware process is assessed pericdically, and action plans are developed to address
the assessment findings” — Ref CMMI; OPF, Activity 1). In the sub practice to this key
practice, the CMM has said that “Assessments are typically conducted every 1-1/2 to 3

years time”. Also, the assessment prqcedures are such that significant logistical and
assessment team member effort is required for each CMM Based Assessment —Internal

Process Improvement [CMM2 - omgial training material for Introduction to CMM]
[CMM3 - CBA-IPI Method Description ~ Assessment Team Member’s guide]. Thus,
organizations find it extremely difficult to repeat the assessment process often.

o In the absence of frequent internal assessments in an organization, process compliance
and continuing improvements could suffer, since there would not be any other pressure
apart from “management commitment” and a self motivation amongst all organization
employces to continue to adhere to the processes.

e Facilities management — Clause 4.9 (g) of ISO 9001; Again, CMM has not
specifically discussed the facilities management issue. (Many CMM organizations
consider facilities management under the Inter Group Coordination KPA). ISO
orga._nigatiops generally put in good practices relating to Facilities Management, Systems
adm:p:strat:qm server back ups, disaster recovery etc. at the organization level . This is
notwithstanding the fact that project managers, in their PM Plans or in the CM Plans
would have described the back up/ restore procedures to be adopted in the project.

Thus not only do we find that none of the ISO practices are made redundant when i

moving on to
CMM, we also find that there are several good practices which should be retained and adg value
to an organization adopting the Integrated approach. :
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To surn up this chapter , the Integrated approach is recommended for organizations to move 10
CMM Level 4 and higher. This approach of ISO first and then CMM is rccommended ever, if
for any reason, the organization is not interested in 1SO and has its long term sights st Of
achieving CMM Level 4 or Level 5. Not only does the organization save both effort and time, it
also imbibes certain strengths of ISO which are lacking in CMM,

The next chapter provides details on the implementation strategy i.e. how exactly should an
organization go about implementing 1SO 5001 and thereafier the CMM.

"



CHAPTERG

IMPLEMENTATION METHODOLOGY

6.0  Overview : In this chapter, we describe in detail all the steps involved in adopting the
Integrated approach in moving up the process maturity chain. As was discussed in Chapter 5, the
first step would be to implement ISO 9001. Once this is achieved, the organization would move
towards CMM Level 4 and beyond. This chapter provides all the implementation steps required
to move an organization first to ISO 9001 and then CMM. Before that, however, we believe that
one important prerequisite should be discussed. Section 6.1 discusses the need for Management
commitment in this light. Section 6.2 provides the implementation steps for ISO 9001 while 6.3
provides a CMM implementation path.

6.1 PRE REQUISITE : Management Commitment

In the adhoc state of affairs in a Level 1 organization, 8 management commitment first needs to
set in. This commitment comes from the realization of senior management that this state of
affairs needs to change at the earliest. It is important to remember that management here means
the very top management in an organization. Deming, in fact, accorded the top most importance
to this by making it the first principle among his 14 principles (DEM-36).

The management commitment needs to extend to the point that the top management firmly
believes that “come what may, we shall achieve our goal,” i.e., improve quality by bringing
about systemic improvements within the organization. We are stressing this here because we
have seen that, in those organizations where management commitment is less than complete,
when they embark on defining and deploying processes, it is because of marketing pressures and
not due to an intrinsic desire to improve quality and the results from their efforts are uniformly
disappointing. Some of them may even have achieved ISO 9001 but the results in terms of
quality improvements are negligible.

This management commitment manifests itself in the decision to go in for process based quality,
and as a first goat, adopt the ISO 9001 framework in doing so.

Very often, specialized help in the form of an external consultant is brougat in like with all
consultancy assignments, an organization that does not have knowledge of how to implement a
Quality Management System benefits from specialized external help. A consultant helps to guide
the organization through its journey and avoid common pitfalls especially those leading to
excessively bureaucratic systems. Of course, the consultant should have in-depth knowledge of
the software industry.
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6.2 Achieving lso 9001 : An Implementation_Methodology

We now discuss the methodology that an organization at Initial Level (Level 1) needs 1o adopt v
be able to move to ISO 9001.

6.2.1 Appoint Management Representative

The first step that senior management takes is to appoint 4 management representative(MR)- phet
person has the following profile :

Essential

e Senior level person, with direct reporting authority to the top management of the

company,

¢ Has a strong understanding of software project processes,

o Commands substantial peer respect,

e Has deep commitment to process based quality,

o [s strong in human relations, especially in persuasion skills and tactful handiing.
Desirable :

¢ Has management and technical experience in software projects

zrfu\:'i I‘;‘;T i;iol‘)’\:;i::i i-MRc ng‘h zla]n idealistic (and difficult to per) set of characieristics '1: l;
v s choice 15 Criti . ) alil
system critical for a successful implementation of Qua

The MR s very often the Quality Assurance Manager and this is a good thing to do. Onl

. .3.4.'
when there 15 no senior person 1n th i Y fen

e quality depart is 1 the

case) do we often see a MR who is generallv g sc?:iz’:l - S ortunatelyshis is v it

with the Quality Assurance executives reporting to him project manager or a business unit be®
-~

6.2.2 Phase I : Launch kSO 9001 initiagive

¢ 1 day Quality and ISO Appreciation Training :

~ The ISO 9001 initiative is launched in the ¢

y 0
9001 “appreciation” train ompany by first co o coand 1S
This is Epone dayﬂse:;?;nmg for all middle and senior managr:edmugﬁ'? ‘%)tfl tS: a::l';gamzatioﬂ.
external specialist (the cggssﬁgi;ct;d t}.131.1:11|y by the Management Representative ar W
formally launch the I1SQ jnitiutive Clore starting this semunar, it is good for the CEQ he

¢ hy a - - . :
,...Y ddressing all participants and rc;teratl“g! f
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genuine desire to improve quality rather than certification as an end in itself is the driving
force in the organization.

e Evaluate existing situation and develop Implemeatation plan :

A study is then conducted over the organization to understand the practices that are followed in
the organization and the processes that exist in a documented form if any. Generally, one would
find that although processes may not exist in a documented form, there would be several
guidelines, standards (e.g., programming standards, screen standards, documentation standards
etc.) and a few formats. Our experience also shows that certain procedures in the areas of
marketing, invoicing, finance and administrative, HR and customer support do exist. However,
project related processes are generally absant at this stage.

This evaluation should take no more than a day and should be based on discussions with a few
project managers and the MR.

Based on this evaluation, an ISO 900! implementation plan should be prepared. This identifies
the processes to be written (described in the next section), who would and by when. This road
map also fays out the schedule for all quality assurance activities during the period leading to the

ISO 9001 certification.
A sample of 8 Gap Analysis report and the Implementation Road Map is given in Annexure 2.

e Orientation for Process Writers

The process writers identified in the implementation plan are given an orientation on prucess
writing and process contents. A template for process writing helps. It is a good practice to have
process writer write a ‘quick and dirty’ process in the presence of the work shop facilitation,

This phase of ‘Launch ISO 9001" should take no more than a week to complete,

6.2.3 Phase I1 : Define and Document Processes

The process writers now get to work and start 10 define the processes assigned to then}. l:c js good
to divide this process definition phase with different sub phases as well based on priorities. We
generally divide the processes into three groups, based on the priority of implementation. The
most important to do first are the project processes which are in Group 1. The Group II and I

processes could be done after a few weeks.

: , carlier these are written, the earlier would the
Group I : These are the core nroject processes The - ! | ! ‘
rc? :elcts be able to implement these. These are : Project Management mc!udmg Project Planning,
aPndj Project Monitoring and Control (may also be called Project Tracking and Oversight)

o Configuration Management

e Software Development Life Cycles

Reviews and Inspections
»

SW Testing "



e SW Maintenance (if the organization has maintenance projects as well)

Please note that some of the processes include a few others, e g, Project Planming includes
Quality Planning, SDLC includes installation and delivery, etc. Similarly, SW Testing may oc
merged with the SDLC or with the Review Manual (and the integrated manual called the Quailty
Control or the Software Verification Validation Manual).

Group 11 : Support processes are included in this group, as well as some of the project processes.
These are ;

e Quality Assurance Process — This includes Internal Audits, corrective and preventive
action and management reviews

e Contract Review
o Procurement
e Training
e Facibties Management
» Customer support (especially for a software product company)
e Quality policy from the CEOQ
Group 1ii -
e Quality Manual

o Metncation Process

The reason for including the Quality Manual in Group Ul is that from the point of view of

implemeptation, this does not represent any significant process deployment challenpes Including
the Metrication process in this group is a marked departure from a CMM implementation Where
the Metncation process would be about the earliest documents that would be :)n priace

We are aware, however, that many organizations chans Aot and
then use this to define gll _the processes requiresd F;)_r‘ilr:gc?srfﬁfg;a Qx:]aluy Maquall':::' iz.c
Oualitv Manual can wail 1l the end it would be 200d 1o look a .E'w ): we behev-(,“ - .s'.t‘"‘
documentation structure which is given below in Fi;; 61 | 2t Tho peponed qualty 33
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Fig. 6.1

6.2.4 Documentation Structure of the Quality Management Systera

The documentation structure is composed of three Jayers :

The Quality Manual is at the top layer. This can be considered to be both a policy document in
the sense that it sets down the quality policy of the company and provides the policy framework
for all processes that the organization follows. In providing the policy framework, it draws
heavily upon 1SO 9001. The Quality Manual is a reference docuinent in the sense that it maps on
to the ISO 9001 as wel! as provide references to the procedures that ase documented in the
Process Manuals in the seccnd layer. The Quality Manual is generally written in an auditor
friendly manner (it is the only document in the entire QMS that is so. The process manuals and
other documents need to be practitioner friendly). Thus, it generally follows the structure of ISO
9001and describes how the organization fulfills all the requirements of ISO 900i. Since most of
these requirements would be fulfilled by the processes at layer 2, the Quality Manual provides

references to specific process manuals as well.

The relationship has been depicted as in Fig. 6.2:
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Each of the processes identified above is generally documented in a process manual. However, a
few companies, we studied had the practice of preparing process manuals for many sub
processes as well. For example there were process manuals for Requirements Analysis System
Design, Coding and Unit Testing etc., separately in a few companies while in many others, there
was a composite Software Development Life Cycle manual which had the various phases as

chapters within it.
Guidelines and Standards

Layer 3 of the documentation structure is composed of guidelines and standards. These are in the
nature of recommendations and detailed suggestions on work to be done with the objective of
helping the organization to implement the processes identified in Layer 2. These may include
check lists, programming standards, document standards, templates as well as guidelines which
the specific project may choose to use. Examples are :

® Review checklist for SRS
o Checklist for Y2K testing
e Function Point Counting Guidelines by IFPUG Method
e Function Point Counting Guidelines by Mark Il Method

e Programming standards for JAVA

4



o Screen fayout standards

process documents)
e Project Plan template
6.2.5 Documentation Model

We now discuss the manner in which document

may be followed - the ETVX model or the generalized model

6.2.5.1 ETVX Model

The documentation is generally done by using the ETVX model. ETVX stands for :
o ENTRY CRITERIA

s TASKS
e VALIDATION

e EXIT CRITERA
See Fig. 6.4
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Examples of entry criteria are :
o For the Systems Requirements Analysis process, the entry critesia would be —

— User requirements in the form of a statement of work, a proposal, a contract, a series
of e-mails, minutes of meetings, or any other form are available.

-~ The project plan which is an output of the Project Initiation phase is available.
e For the System Testing process, the entry criteria would be :

~ The System Test Plan is available

~ The software to be tested is available in an integrated form and all prior quality
control activities have been performed satisfactorily

The tasks to be performed are defined next. These describe all the activities that are carried out in
this process. In this sense, just like process manuals form the heart of the QMS, the ‘tasks to be
performed’ are the essence of the Process Manual. This section is also called as ‘Procedures to
be followed’, *Activities to be done’ etc. The tasks performed therefore addresses the question of

“What do we do in the process?”
Examples of tasks performed are :
e For the Reviews Fagan Inspection process, the tasks performed would be :

— -The Moderator calls a preparatory meeting at least a week before the Inspection
Meeting in which all inspectors, the producer and the moderator are present. -

— The Moderator chairs this meeting and assigns the following roles :
> Reader
> Recorder
> Inspector

He / She also explains the Inspection process to all participants and responsibilities for each
role.

— The Reader and the Inspectors then study the object under review and prepare review
comments.

- Durjng the Inspection Meeting, which is held according to the schedule laid down in the
project plan, the reader does the following —etc.
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The third element of the ETVX model iq he Validation Critenia This answers Ihfc que'SIIODH;
"How do we know if the Process has heen done well™” 1t therefore, defines the verification a

. . : ) ce
validation used in the PTocess to ensure thar the 14sh s hsted have been carried out in accordan
to requirements. Examples of this are -

* Forthe Project Planming process the validation done ;.

The project plan is reviewed at Jeast by the Project Director and, i required, the Business
Unit Hezd and the Service Delivery Manager

The fourth element of the ETVYX Model is the |\ it Critersa w

the process execution may stop. This therefore, answers t
Examples of Exit Criteria are

hich define criteria based on whlg?
he question “When do we stop’

® Forthe Systems Requirements Apg) ysis, the Exit Criteria would be :

The System Requirement Specifica,y, {GRS) are reviewed, review comments closed &nd
are put under Configuration Managemen.
® Forthe System Testing process, the exit Criterin would pe

= The System test results are 10224 and have peep reviewed. Review comments, if anY,
are closed

~ The software is approved for relegse and has beep, PVt under Conf guration Management.
6.2.5.2 General Documeny Modet

In general, software Organizatians hag the following Sections in their Process documents :
® Objective / Purpase of the Process

® Overview of the Process

* Scope

¢ Definition / Glossary of terms yged

® Entry Cirterya

® lnputs

® Tasks Performeq

*  Outputs

® Validation
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e Exit Criteria
e Quality Records
e 1SO 9001 Reference

| One Software organization had an interesting variant and had the following sections :

!

¢ What does this process do, in generat?
¢ When do we start this process?
!' ® What do we do?
® How do we know it is done well?
e When do we stop?
¢ What are the records we maintain?
® 150 9001 Reference

6.2.6 Review Processes And Release After Approval

Once the process manuals have been written, these should be reviewed for compliance to ISO
9001 requirements as well as for effectiveness. We find, from our experience, that processes are
very often written in an idealistic and ambitious manner without regard to whether it will be
possible to fulfil these or not. Similarly formats and templates are often defined to such g degree
of detail that the processes become unnecessarily bureaucratic. Review of processes should focus

on these aspects as well,

After the review comments have been incorporated or otherwise closed, the process documents
are approved for release and then put under configuration management..

The processes should be released in batches, as and when they are ready. We find that a useful
rule to remember is “Do not wait for perfection”., We have seen a few organizations where the
cycle of process definition, reviews and imprqven}ent was repeated so many times that new,
unexpected obstacles cropped up and the organizations got bogged do?vn completely and could
not get to release the process menuals till an extraordinary length of time hac passed. In many
cases, they were not able to release the processes at all. A few of these obstacles are:

e Loss of motivation of the authors : When the cycle of reviews and fine tuning goes on for
too long, the author loses his drive and creative urge.

¢ Hardening of positions on all sides : When processes are initially defined and
documented, the organization generally has an open atmosphere with the process writers

being open to all suggestions. As reviews drag on interminably, people start taking rigid
stands and this becomes difficult to break later on.
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e Loss of morale in the organization : Together with the process writers’ 10ss of molwall:m,
the process implementers, i.e., the project teams, tiie support function ele., also find ¢ Cl;
enthusiasm going down. Keeping up the morale in the organization is important and w
find that this becomes difficult if process definition is dragged on too long

. e > : \ng
e Loss of commitment from top management : Top management’s expectations, having

being belied in the sense of delays having accrued, lead 1o perceptible loss of
commitment.

We have seen other problems happen, e.g., the Management Representative or the Quality

Manager, because of all the above, start to seek greener pastures elsewhere which again has 3"
impact on all the above.

We therefore, believe that this phase is critical and the ‘hump’ must be avercome in a determined
and quick manner. We believe that this phase should take no more than 3 months, while smaller
organizattons should aim to have this done in 2 months time

Reviews are extremely important but you should have no more than 2 cveles of reviews (for the

same process document). We have seen organizations where the reviewer takes the stand ©

“You first wnite, only then I will give you my views.” Further, we find reviewers giving review
comments only 1n patches. e.g , “Here are the review comments for Chapter I You fix these 27

only then wiil T review Chapter 11" This approach leads to the number of cycles of reviews
INCTEASINE,

6.2.7 : Process Implementation and Internal Audits

The processes, once released. are implemented acroce the

- \ l‘ls.'
. + e . 2 AN h-m..l
accompanied by relevant training provided 1o all users frgamzation. This 2%

After around 6 weeks of the s1art of the process implementation, 1he audy cycle should bewm
ISO 9001 : 4.17 provides for Internal Audits 10 be done on a continuing basis in the organizatio”
and we believe that this has been 2 maior benefit of 150 implementation. CMM does req/
perlodlg assessments, however, a period of 18 manths is considered ok on ' ke 18
world, internal audits are generally done at 6 weeks ¢ 5 ec okay in CMM. In |

. . . 18] 1? W b , . i ve!
of process compliance fairly high in the organization eks tntervals and this keeps (he 1€

An Internal Auditor’s training should be donc before the first intenal audit beg;
it begins.
The Audit schedule would generally be as follows -

¢ Audit No. 1 ~ 6 weeks after Process lmplememation heging

® Audit No. 2 - 8 weeks after Audit No |
° Audit No 3 -8 weeks after Audit No 2
Pre-assessment by certification agency —

3 weeks after Audj No. 3
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e Audit No. 4 - 4 weeks after Pre-assessment or 2 weeks before Registration Audit,
whichever is later

e Registration Audit - 2 weeks after Audit No. 4

The Internal audits are carried out by teams of trained auditors, generally Jed by a Lead Auditor.
A lead auditor is one who has undergone final lead sudit training and has attained certification by
passing the requisite examinations. These audits are planned for through an audit schedule made
for the year and &n audit program which is prepared individually for each audit. A sample audit
program is given in Annexure 4.

During the audit meeting, the audit team evaluates if the documented Quality Management
System is being complied within practice. It also looks for process improvements all the while.

Generally the former is logged in the form of Non Compliance Reports (NC) while the latter is
logged in the form of Observations. Sample formats are given in Annexure 5.

At the end of the audit cycle, an audii report is prepared which summarizes the NCs and
observations logged and provides an insight to management about the functioning of the QMS. A

sample of an audit report is given in Annexure 6.
6.2.8 : External Audits By Registration Agency

The Registration Agency (also called certification agency) performs audits on the Quality system
in accordance with auditor guidelines laid down by ISO. These audits are in the form of :

® Pre registsation assessment
o Registration audit — usually 4-6 weeks after Pre assessment

e Surveillance audit, usually done every 6 months after the registration audit

e Re - registration audit is done every 3 years

The pre registration assessment is done to confirm if the organization is in a state of preparedness
to go in for registration audit. The documented QMS is first reviewed to ensure that ISO 9001
requirements are met. A few sample projects are then audited to ensure that practices are in
accordance with the documented QMS.

The ISO 9001 certification is awarded to the organization following the successful completion of
the registration audit.

The registration audit generally follows the activities listed in the Audit Program given in
Annexurc 4 . Following the Opening Meeting, the auditors conduct a document review and then
proceed to audit a sample of the project and support functions. The duration of the audits and the
sample size depends on various facts like the number of employees, number of projects, scope of
certification, nature of business etc. After the audits are completed, the audit team prepares its
audit report, together with any non compliance that may have been observed. These afe then
presented during the closing meeting. The results of the registration audit is, therefore, converged

0



. . : . . i o ’ et
during the closing mecting itself - hence the organization gets 1o know if' it has successfully m
the requirements of iSO 9001 or poy

Surveillance audits are carnied out by the FEGISIration agency every 6 months to ensure continued
COD‘Ipli&I‘!CC of the Quality svstem Changes 10 the Quality system are reviewed and a few
projects audited. The sample is, of course. much smaller than that m 1he registratson audit. Agam,
an opening meeting and a closing meeting are held to discuss the findinys

As mentioned above, an org

amzation should be able tg achieve ISO 9001 centification within 12
montks from star

6.3: Moving 00 to CMM - Leye) q-

The activities involved in moving on ta CMM

Wweie briefly described in Chapter 5. 1h¢
diagrammatic representation given in Fig 5 6 js repe

ated below
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6.3.1 Perform Gap Analysis to6 CMM Level 4 and Level 5 requirements:

A gap analysis is conducted to identify the gaps in the deployed quality system vis a vis
requirements of CMM Level 4 and Level 5, This analysis is conducted along two streams :

6.3.1.1 Process gap analysis:

Many organizations conduct what they call “abridged assessments” and generate an interim
profile of the company. This method depends heavily on the CBA-IPI method and similar tasks
as in the CI?A-I!’I are carried out, albeit on a smaller scale. A full discussion on the CBA-IPI
method is given in Annexure 8. This includes administration of a maturity questionnaire as well.
A few sample pages of the maturity questionnaire is given in Annexure 9.

However, we have found during our consultancy work with KPMG [KPMG-99] that an effective
f’ﬂethqd of doing the gap analysis is by means of an extensive document review and focussed
mterviews with the Project Managers and the Quality Assurance Group.Organization that is
already at ISO 9001. It also puts much less strain on organizational resources and logistics than
the abridged assessment method. We also find that the administration of the maturity
questionnaire, as given by SEI, does not provide much insight since the likelihood of getting
‘wrong or incomplete information is very high at this stage. This stems primarily from the fact
that the maturity questionnaire respondents do not understand the language used in CMM weli
enough to provide the correct answers (the maturity questionnaire uses terms exactly as given in
the CMM and the organization generally would not have mapped the CMM terms to its own
language at this stage; also, the questionnaire respondents would not have been trained on the

CMM at this early stage)

Based on the interviews and document review, the gaps vis & vis Level 4 and Level 5 are
identified. We have seen that ISO organizations generally have the following gaps:

a) In the Requirements Management KPA, there are generally no gaps. The statement of work
or the proposal or any other document purporting to be the basis on which work would be
done is, in the words of the CMM, “managed and controlled”. However, we recommend that
since ISO organizations have a strong CM process already in place, they should place the

proposal under configuration management as well.

A strong area of 1SO organizations is that they carry out contract reviews. This brings out a
lot of discipline in the Requirements Management area.

b) In the Project Planning KPA, estimates for size are generally not availavle. This stems frorm
the fact that most estimation is based on the task based or the Work Breakdown Structure

estimating method rather than the indirect method of using size and productivity norms to
calculate effort.

¢) In the Project Tracking and Oversight KPA, some organizations do not have a defined
method of team meetings or some other form of status reporting thhm.the project. This is
generally because the project teams are small (less than 5 members) and information on who

is doing what is known to the project manager informally.
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e)

g)
h)

1)

)

; jzatlons
The QA function {we will call it QAG for easy refere'nccl fiere) N mos:jli({i ggﬁ?; SEPG
focuses on processes and not on product quality. 1t 18 thus more oCrM ;»Sl rganization o
envisaged in the CMM. The differences between a typical SEPGina - o sapport
the QAG is that the SEPG has many more part time members frgm the proj e QAG
functions while the QAG is generally composed of full time quality professionals.

1 | oes not
coordinates process audits, as envisaged in the OPF KPA at Level 3 but penerally d
get involved in product audits.

- : tar aptef
The project teams do have reviews and independent testing but as we said earlier in C]E_;i)ces
4, the SQA requirement of CMM is not filled exactly in the way the CMM key pra

: . he
read. Thus, during the gap analysis, a lot of mapping has to be done to determine how
SQA practices are being followed.

in ke
In the Configuration Management KPA, by and large, there are no gaps, except 10 key

; : tus
practices like the need for a Sofiware Configuration Control Board and configuration Sta
reporting.

Tre SCCB 1s pot explicitly formed in most 1SO organizations, partly because the Pfo}ecgz
themselves are not too big and panly because 1SO 9001 did not require such a board 10 .
formed. It should be noted that 1n most 1SO organization, the function of the SCCB 1s 7©
carried out by any alternate practice.

The configuration status reporting in SO organizations is generally achieved ty an alterﬂaf";
practice where the configuration status aceounting and repaning are combined by meaits ol
master document hist or 2 configuration contral register. Most CM taols also provide a status
repon ORn reguest,
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k) Inter group coordination is not practiced in ISO orgamizations in a formal manner. We know
of some CMM assessors who take the view that this KPA is not applicable since there are no
other groups like hardware design, firmware design etc. whose work affects the product.
However, we take the view that groups like Systems Administration (facilities management),
Human resources etc. do work which has an impact on the project. Thus these should also be
considered in this KPA. Generally, 1SO organizations do not have a formal system which
calls for commitments to be made and agreed npon, as the CMM has required (CMM3 ~

Inter Group Coordination).

I} In the Level 4 KPAs — the Quantitative Process Management and the Sofiware Quality
Management there is often a large gap. 1SO software organizations have a very sketchy
quantitative implementation.

6.3.1.2 Metrics Gap Analysis

Although 1SO 4.20 requires the use of statistical measures, we find that most ISO organizations
have a very perfunctory usage of metrics. They would generally have the following metrics:

a) Effort variance, computed at the end of the project

b) Schedule variance, computed at the end of the project

Some organizations, in addition, do compute measures like productivity and defect density etc.
but the problem generally is in the fact that the use of size measures is neither conststent nor well

defined.

In most organizations, there is a large gap in terms of metrics implementation in most
organizations.

As a deliverable of the gap analysis phase, the gap analysis report not only identifies the gaps but
also the processes and metrics required to bridge these gaps.

The gap analysis phase should be completed within a week. We generally budget for 2 days each
for the process and the metrics gap analysis.

6.3.2 Bridge the Process Gaps

This phase cons:sts of the following :

e Define additional processes. Generally, new processes would need to be written for Level
5 KPAs

o Modify existing processes, as identified during Gap analysis
e Deploy processes

— Release
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—~ Provide training on new and modified processes
— Facilitate use of processes by project teams / functional teams

The gaps in processes are bridged according to the suggestions given in Section 6.3.1 above. We
believe that the suggestions given therein should enable the organization to bridge all the process
gaps.

A good practice that we find in several organizations is the use of a Traceability Matrix. This has
been recommended in the DoD Military standards 2167A ard 498 (MIL) and M1L2) and we find
that this brings in a lot of value addition to the reviewer, the project manager and the SQA 10
ensure that all requirements of the customer have been incorporated in the various stages of the
project. {(See Annexure 10 for a sample Traceability Matrix).

The process gaps are first bridged in the documented procedures and then deployed, aﬁ?f
necessary training. Facilitation is done by SQA and the SEPG for a while. Internal audits, 855

normal practice in an I1SO organization, continues to be done so that process compliance 18
ensured.

The tasks of process modification and deployment should be completed within three months of
the gap analysis being done.

6.3.3 Implement Metrics

Parallel to the above, the organization starts to implement metrics, based op 1he eaps identified 1
the Metrics Gap analysis. 1t 1s generally found that the gaps in M’etrics impleméu(xalion ;'lre fairly
large at this point of time, since an organization at 1SO 9001 typically has only rudimentary
metrics 1n place. Hence, rather than call this task a ‘Bridge Metrics gapS‘ywe have chosen to cal
it ‘Implement Metrics” since the organization needs to understand that metrics implementation
would be required to begin almost from scratch now, Although this may ';ee:\ flf g lot of work
to do, we find that because the 1ISO 9001 organization has strong proc Seel ke e
roll out gets done fairly quickly —~ generally within 4 months time Tphe t::zssgzrr::gta?:’. the @

e Define Metrics and document in the form of i
1t a Metrics Plan q of
each measure should be explicit so that there is no room for \,(;rr;:;'esf The definue?
mterpretations.
e Sct up u data collection mechanism. Automated
: : ted systems g : ; -
the work load on the project teams. ystems are preferred since this redutes
e Design and develop a sofiware process dat
a base The d : . :
upaates the software process DB ¢ %ata collection mechanism direct!y
@

Deploy Metrics by adequate training and facilitation

6.3.4 1mplement And Stabilize

(O)rn::az ::;t I;()Jrnoccsses. and the metrics collection Programs haye b

Db ! SDW enters a phase of consolidation Pra, eése cen deployed as given above, the
ata collected 1s analyzed and baselines established Tfe e ;are oW used and stability sets I

a5Ks are
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e Process implementation
- Use processes that have been defined

— Continue to do internal audits as was required under the ISO system.

e Collect data

~ Having set up the processes for collection of quantitative data, data is now captured and
stored till a rich number of data points are available. It is difficult to say how many data
poiats are required to enable setting up of capability baselines, and we have discussed
this point in Part IH of this thesis. Briefly, however, around 20 data points should exist
before any meaningfuf analysis can be done [DAN-92). The organization should plan for
around 5-6 months for this richness of data to be achieved.

® Analyze Metrics
— Derive control limits
~ Set up Capability baselines
~ Set up quantitative quality goals.

Details of this analysis are given in Chapter 7.

At least 3 cycles of metnics analysis, each cycle providing a set of capability baselines, is done.
By the end of this, the organization should have the level of maturity required at Level 4 and

should be in good shape for the final assessment 1o begin.

6.3  Achieving Level §

The assessment done for Level 4 capabilities should be able to provide valuable insights into the
gaps at Level 5. However, since the CBA-IPI would have been focussed at Level 4, another

round of gap analysis is recommended whese the gaps at Level £ are identified.

6.3.1 Periorm Gap Analysis
The gaps that we find have been of the following nature:

a) At Level 5, in the Defect Prevention KPA, gaps exist - & formal system of ensuring defects
prevention generally does not exist at the project level. The internal audits done in an ISO
organization do provide insights to the Defect prevention process in case the NCs found

the audits relate to product defects; however, since none of these practices are based

dus
e the gap for this KPA can be considered to be large.

on quantitative measures,
In the Techtiology Change management KPA, some practices may exist with ragard to tools

and other technological innovations. A R&D group may exist which continuously looks at
technological innovations and provides inputs to senior management so that the technological

b)
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direction can be charted out. There may also be a systematic evaluation of tools being done.
However, none of these are generally formalized in the form ot a written process Also, since

none of these practices are based on (uantitalive measures, the gap for his KPA can be
considered to be large.

c) Certain practices exist [or the Process Change Management KA in an 1SO organization A
system for proposing changes to the process framework may cxist and changes made v A
controtled manner in an 1SO organization - however, since noue ol these practices are based
on quaniitative measures, the gap for this KPA can be considered 10 be large.

6.3.2 Perform Metrics Gap Analysis

Since there are no processes implemented at this level, the metrics for Level S are also absent.

6.4.3 Bridge process gaps

The adfiitional processes that an organization should implement to achieve Level 5 capabilities
are as follows:

6.4.3. 1 Defect Prevention KPA

The CMM rcquires that prolects implement Defect prevention activities at end of every
1 i . - >

significant nulestone whlc_h may be completion of tasks or phases. It supgests thar a Defect
Prevention (DP) group be rormed for each project. eees

Depending, on 'h": size of the project. we find that argameztons iorm a2 DP o at the

organizaunoen level which then performs DP acuivities for cach project lTlm ll:)l’ w}:roupm 305¢S
. - - - TOUD CO

of members of the SEPG and the project personnel Often, the SOA ) b,L ip commp s

group. ’ WA personnel are part of U

The DP group works according to a DP plan and meet< regularic a1 1)
N\ S5 1

(generally it is at phase end). Quantitative data is analyzed and e end of signifcan 143

defects are evaluated. Acticn on preventing such defects are theq take;;uggeStions (os preventing
6.4.3.2 Technology Change Management KPA

chnology gr ; od wi N
:Tlscmh::]pa "%’; t?l.ﬁipgfof:’;“:n: Wl:g‘ége 0b]fictwe of spearheading the technological directions 03
some part time members re ryesem' mpo.sed cf some full sir. R&D technolo'nst- a" weli as
scanning of the directions thF:n lechmg vanious types of nrojects und technolop o s 1ue
> nology is moving to is done 9 ologies. A systemall
world, literature survey of relevant tecnnical © BYanteracting with the academic

; . . journ : X
technologies are continually identified angd analJ als attending conterences etc. Emerging

: yzed At th i
taken from various sources and the commereiaj feasibility © Same time, the marketiny inputs are

. e is found 10 b O new technologics evaluated.
nce an idea is found to be worth exploriy
1 furt
which does a complete analysis of t B her, Techno!

gy foc ) d
he technolo =Y 10Cus groups may be forme
. QV . .
management to decide upon. ev and publishes white papers tor the seniof
Similarly, various tools
group are set 1 i
aseful for the software Pﬂ)ject ¢ U0 10 cviate an

cams. d take decisions on tools that would b€
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An important aspect of the TCM KPA is the need for piloting tools and technologies first before
implementing organization wide. Pilot projects are chosen based on factors like — representative
of the work generally done in the organization, commitment on the part of the project personnel
1o adopt new technologies, skills level in the project team etc. Based on the pilot findings, the
Technology focus group decides to implement the technology or the tool across the
organization. Befere doing so, it ensures that the roll out activities are planned for. This will
include training, availability of user manuals, documenting of experiences gathered from the

pilots etc.
6.4.3.3 Process Change Management (PCM) KPA

Although the CMM requires the establishment of an organization wide PCM group, the PCM
activities can be adequately performed by the SEPG itself. Thus we find that, in many
organizations, there is no separate PCM group and the SEPG is entrusted with this responsibility.
Again, an ISO or a CMM Level 4 organization would probably have this already.

The inputs for process improvements may be any one or f:ore of the following:
e Process improvement suggestions from any employee of the organization

e Findings of ISO internal audits / ISO certification audits / 1SO surveillance audits / CBA-
IPI assessments

o SEPG

e Customer feedback

e Metrics analysis

e Defect prevention activities

e Inputs from the technology focus groups

Please note that this is only an indicative list. Inputs may come from other sources as well e.g.
senior management, market intelligence regarding practices in competing organizations,
technology, tool and process vendors etc.

CMM requires that the processes be piloted first and then implemented across the orgenization.
We believe that this is a very good practice since it would minimize the impact of an
inappropriate process and should be done for all new processes sought to be implemented in the
organization. A word of caution, however- do not carry it too far. We have seen organizations
where a pilot is done for each and every small change to the processes e.g. a cosmetic change in
a format. (Such organizations do so in the belief that since the CMM has specifically required
this practice, it has to be done in exactly the same manner. It should be always kept in mind that
the CMM should be viewed as a framework for sensible process implementation and that the
effectiveness of the processes is of overriding importance). This leads to unnecessary delay in
bringing about process improvements. The SEPG or the PCM group should view the question of
pilots as basically a “judgement call” and act accordingly.

]R



s s st the modified ¥
The results of pitot implementation should be analyzed 1 the results T

the new proces has been successiul, then should be deploved o
carhicr KPP As, implemeniation oty
planmng, documentation vic

. =0t
reanzation wide Like!

6.4.4 Bridge Metries Gaps

j ' el 5 KPAS
implenicniing Melrics as given in Chapter 7 would bride the gaps 1o the Level
least two more 1ounds

matunty than it hzd at Level 4 1t should be 1emembered that an organization a
onty implemented all Level S KPAs but has attain

ed substantiallv more maturity and ﬁ:gl
i all KPAs ut the earlier levels Thus, capability hasclines established and used at Lcecl

t LC\"C‘ § has

ne

» v.\L‘k‘
' fe (e,
anization wide should be preceded by adeguate B

AL

noté
| 1 I o muCh 0
of baselining should be done so that the orgamzahon achieves

prience
4 shov

i density
that there are improvements in all goals especially those relauing to produ ctvity, de

effort variance and schedule vanance

. qhe
. - . . . . .d “l ‘
Metrics comirg in from the implementation of the Level 5 KPAs are also includy
baselining exercisss

e LW
As we said above, at least 2 more cycles of tetrics analysis should be done after :u:h'.c\-mﬁ o
4 By the end of this, the organizznon should have tee level of matunty required at Leve”
should be m good shape for the final assessmient to beein
e -

The time taken for achieving Level 5 trom Ley

€ 4 WOuu d ) ass”“ll”:’
l) na 1S Y 5 } } f-,'enel v 17 m()nﬂlsy
lhe ga al lySiS ior LCV01 begran riﬂht aﬁ ! < an, be

e Level 4 assessment was over.

6.8 Indicative Time Frames

The Integrated approach hay beep de

i

(e
3 M ) ;& 0!“ 3 1
time frames have been discussed af vzcr:;hed  detail in this chapter The “‘“J""_wsk:,s 5 3
the time frames are HS pomnts in this chapter A summary ©f the
]- P————— " ————————————— - - "
| Sno | Task 2= —eee— e gl
e - D ) "}Time Lias?
‘] L. | tmplement 18O 9001 o ————iiiaise N um}:‘f_‘_____,.«//{.
‘.: W ———— 12 months Mif =
'S 1 Perform (inp analysis for CMM e —— —_— /14
\ b ey
| | Mh
1 (Note. We have provided for | 1 week |
! between. This is often , o WO month brear
PSR .T__.__.___ Qe for the QAG) reak in |
3. 1 e e e . l
___j_‘_‘_’_‘f_ﬁf_pi‘“‘ss Laps Temme—al _,_JL _,,-J-‘/’r
| —— T h
4. implenwny metrics S N -J 3 months ‘ ML '
S R 3
‘ Note' T N ! _\A{h}
g his is 4 paraily) task | 4 months ]

|
o= ‘ |

“

RO o



9 months Mth 25

5. Stabilize process i.iplementation
6. Analyze metrics and baseline capabilities . 9 months Mth 25
Note: This has three cycles of baselining and is a
parallel task
7. Phase I of CBA ~ IPI] 10 days Mth 26
8. Prepare Exploratory questions for Ph 2 5 weeks Mth 28
Sno | Task Duration Time frame
9. On site period of CBA-IP] 8 days Mth 29
10. | Gap analysis for Leve! 5 5 days Mth 30
11. | Bridge process gaps for 3 months Mth 33
Level 5
12. | Implement inetrics 2 months Mth 32
Note: This is a paralle] task
13. | Stavilize processes and implementation 6 months Mth 39 N
14. | Analyze metrics and baseline capabilities 6 months Mith 39
Note: This has two more cycles of baselining and is 2
parallel task
15. | Phase]of CBA-IPI 10 days Mith 40
16. | Prepare Exploratory questions for Ph2 S weeks Mth 42
8 days Mth 43

lﬂ' On site period of CBA-1PI

jzation can reach CMM Level 5 capability in about forty three months
Ze tf:; 'ﬁm!i ?hi;’ f:e";ﬁj'; half years' ) and Level 4 within two and half years from starting out
aﬁig p ima le zve | One of our clienis was recently assesseaf at Level 5 and several others were
nitia . ing the methodology given in this chapter. The implementation time

assessed at Level 4 followi ; _
Srames given above reflect the experience of these clients.




I '/m[h’.'f S cutes the ¢ Crieic'e -)f{hn WEeempaies whiere thi aﬂpruach hay been Unp[(,’m(:‘)md.
Actual time frames in which these COmpanes ol

UMM Level o and Level 5 have also been
given in that chapier.
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CHAPTER 7
METRICS IN A MATURE CMM ORGANIZATION

7.0 Need for Metrics

We have seen earlier in Chapter 3 thai the role and importance of quantitative measures in
management has been strongly emphasized in the CMM, especially at higher maturity levels.
Effective management requires the extensive use of measures — in fact, Drucker equated
management with quantitative control. This applies to all management functions. The sales
manager knows and tracks his numbers in terms of products sold both by number and value. He
also has the breakup available in terms of sales Ly region, by salesmen, by dealers etc. Similarly,
the materials manager has quantitative data on the inventories received, issued and in hand.
Likewise the production manager, who monitors the production in his factory by the extensive
use of numbers. Unfartunately, this is often not true of the software project manager. Ask him
fundamental questions like — “How much did you produce / how soon did you produce / how
well did you produce?” and he will, at best, in answer to the first question, be able 1o tell you
how much time he has spent on the project — “Mine was a 15 month project etc.” (a measure of
input instead of the output). It is therefore, important io: the software industry to start to use
quantitative measures sc that mznagement can be based on objectivity rather than subjectivity or

‘gut’ fee!.

7.1 History of Metrics

The last fifteen years have, however, seen a tremendous increase in the deployment of
metrics throughout the world. Actually, measurement research started in the late 60s and early

70s when Lines of Code and bugs counting were done for a large number of projects and models
for predicting the quality of software were developed by engineers like Dr Maurice Halstead (the
term that he defined included program length, program volume etc.). In 1979, Alan Albrecht

s work on Function Point Analysis (FP) in the IBM Systems Joumal. Aithough

published hi hnically complete size counts like Tom De Marca’s Bang

imil d in some ways more tec !
::gtlril::r [T\ZAR—SZ] were also in use. Albrecht’s FP method came 10 be widely used and adopted

with the formation of the IFPUG (International FP Users’ Group) in 1984, Caper Jones

) k “Anplied SW measurements [CAP-91] which did much to spread the
[CAP-91] wrote a boo f FP Counting guidelines were released first in 1984, then in 1994

knowledge of Function point
and the latest one now in 1999 [IFPUG-99]

. d measurement drive thr

: Hewlett Packard embarked upon a concerte ‘ ough

.3]1:0, f;-n the ?llgo?i:’t Grady, Deborah Caswell and otlters. Thes2 were reported in the book

2 el orts 0 Company wide Measurement program [GRA‘:86]. This book was instrumental
mplementing a Comp ics implementation was effective, provided meaningful results

i : that metri N :
::11 ;h:s“;g\nggt;st::n\:;ffey principles were kept in mind, was not as difficult as many had initially
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thought. The late 80s and early 90s were also the years when CMM and ISO started IO'dfa“';
attentron and the important role that metrics played in high maturlty‘ ofganizations Wal
recogmzed. Smce the beginning of the 90s, therefore, interest in the area of quantttative contro

has been very high, more so with Orgamizations reporting significant successes in thes
metrication efforts.

7.2 Metrics In CMM

M M 1 . ~ \ ‘lf
Having provided (his backdsop, let us understand what the CAANg requuements are in Lerms ¢
software measuremems. CMM discusses (hege

requirements at two levels

e Common Feature — Measurements and Analy
has one or more key practices whicl require t
which the practices given in the Activities
been performed. This has been expanded upo

sis in each KPA (discussed earlier in Chapter 3)
be use of measurements to monitor the extent 10
Pertormed Common Feature of the KPA have
ninSec73)

o Specific Practices in the Activities Perforn

1cd Comman Feature h
quantitative imeasures. This is explained furn

. o nf
ave required the use 0
er in Sec 7 3

7.2.1 Com.mon Feature ~ Bbleasuremednt and Analysis

We have understood, in Chapter 3, the Purpose of the Compyon Features and their relationship
with each other. We learnt that the “Commitm

1 oth ‘ Tet to Parfurm™ and “Ability to Perform” are
“enablers” while the “Measurement and Analysis” and { ing Implementation” common

features are “evaluators”. All these address Institutionalization whije the “Activities performed

common feature addresses the implementation issue. Let us now understand in detail what the
CMM requires from the “Measuremesn; and Analysis” Common Feature

he “Verify

The Measurement and Analysis Common Feature

practice which generally reads as follows (we shal
practice hereafter)

for ai Kbag
! refer 10 this

ke

il Sn.‘sk" - has ()nl) Uhiv
a5 the standard megsuremen!

“Measurements are made and used 1o determine the Status of the -
X activties.”

The blank is generally filled up with the nature of the Kp a astv

KPA, the words are - "“Measurements are mad '

Hies eg In the Proiect Planniss
; SR & and used 14 det 1o
software Planning activities " etc

Srmine the siatys of the project

At Level 3, all the KPAs have at least one &

. €Y practice. sigylar
some of the practices go beyond determining S .-

_ t0 that o gver,
tatus of the Process ; gtven above. How

'mplementation
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@ The quality of the training program (Training Program KPA)
® The effectivenecs of management (Integrated SW Management)

® The functionality and quality of sotware products (SW Product Engineering)
{pp 56, CMM.. ]

At Level 4 and Level S all the KPAs have only the standard measurement practice.

Thus, apart from the Training Program KPA, the Integrated SW Management KPA and the SW
Product Engineering KPA, all other KPAs have the standard measurement practice alone. Let us
understand this standard measurement key practice, the wording of which is given above.
Although an initial reading of this practive seems to suggest that the measurements should focus
on determining the extent of progress made in carrying out the activities and thus should look at
a planned vs. actual scenario, the “Guidelines for improving the Software Process” [CMM.. ]
. provides the clarification that the measures should look at the results obtained in the particylar

KPA, which then tell us how well the activities performed in the KPA are being done, Measures

based on this are identified in Sec. 7.2.3 below.

7.2.2. - Metrics Intensive KPAs

There are some KPAs where metrics have been defined extensively in the Activities Performed
Common Feature itself. These are :

a) SW Product Engineering at Level 3 : Since this is a KPA that discusses the development and
maintenance life cycle (the ‘engineering’ of the product), CMM provides several insights
into the nature of metrics to be captured during the life cycle. Examples of these are defect

density, defect age, defect removal efficiency etc.

Integrated SW Management at Level 3 : This, being a KPA addressing Project Management
issues (an amalgam of Project Plann.ing. Project T.racl.ung end the use of tailoring guidelines
to define project specific processes from the organization standard software processed), there
are a few quantitative measures which are given here as well. Examples are ~ estimates of
size, effort and cost, risk measures etc. 1t should be noted that these have also been described

in the Project Planning and Project tracking and Oversight KPAs at Level 2 as well.

¢) P iews at Level 3 : - Activity 3 of this KPA reads —“Data on the conduct and results of
) th.:;xv;:z::rs are recorded”. TR 25 also gives examples of such measures which include
preparation time, types and mumber of defects found and fixed etc.

b)

ini - . In this KPA, measures have not been_discussed in the Activities

d) g:}ﬂ:ffedatctgg"?’ Feature but in the'Measqrement at‘x‘d Analysis common feature. This has
a non standard measurement key practice which reads “Measurements are made and used to
determine the quality of the training programt . !Eafample§ of such measures ha.ve been given
which include actual attendance, number of training waivers approved over time, feedback

from students, results of post training tests ¢tc.
94



¢} Quantitative Process Management at Levedl 4 & 1y NP

. * he
\ has dealy extensively with
usage of quantitative measures 10 manace thy

: es

Project better as well as to bring all péosf;fiilg

under quantitative contro), Thus, this KPA Ry discussed the use of control limits a(-)ﬂa] iven

up capability baselines. Further sights intn thys s provided in 2 SEI' report or;g easures
measurements [SE] CMM HBO003 - Chving | This Kita has also stipulated that meas

. : _ . ed. so that
e Cou of Quality etc., size, effort and schedu!c vanances should be tracked,
predictabibity of processes come,

1 SW Quality Management gt Leveld - 1y,
ADIC o compaie | ;. quantis
extensivelv ne )

P the prody

. being
KIPA eyl with the quabty of software anfi -
‘ . 1 LIS BaAD
abvely with refevant g B Lhas thig KA al

i Wy attributes
M€ OF SUCH (Ui e varnous quality aurib
i ‘Luncllunahly, rc'liabi\'lty,

‘

| LAV LS
Maintainabiliyy |

7.3 Manmin \Irll'ug\ i CMAN KPA.
~=22ng Mety, DIV KPA

Based on all e Bave zad gyr interaction W
meines bekow which | uid saussfy a1 P 1ay
“Mpasses all Ky, Tequiremients |y, Sy
arecommended sybgor that ¢ s could yse readily

. " N .‘~L" LA
Ith varing., SUpEmes, we have provided 2
LAy ) NI ‘:‘; "'c )

si5d
WIURPAS. Please note that ﬂ:{ -
7.4, we shall distil this s
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7.3.1 Level 2

R A

" Eg. status of sach reqrat

-+ . “proposed, open, approved, incorporated in baseline .




Leyel KPAs vey P ices for- C oy Feature:

SUICINGHY !ll'!d An g]v I

SW Project Planning  Determine status of SW planning _

Eg. comparison of nulestones for the actual pro). ply. activiics
vs. plarmed

—_—
e

. actual effort / cost va planned

: effort variance ~ initial esumates vs revised eslmales ]
- Schedule variance ~ initial estimates vs revised estimates

: Size variance - initial estimates vs revised estumates

T
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Levgl KPAs P

ti or - Comymon Feuture:

i

D VS1S

l H

2 SW subcontract mgt.

- -~ . - 1 e
Measures to determine status of activities for managing they
software subcontract e.g. |

. Actual costs of managing subcontract vs. planred '

- Actual delivery dates by subcontractor vs. planned

———

Actual delivery dates 10 subcontractor vs. plaﬂnﬁa

- Milesione completion variance
_———-/
- Actual testing done vs. planned |
No o f criteria satisfied vs. planned defect to size ko "
expected . ‘
- Performance rat; |
ating i
————/

99



;\3__..42‘...
‘xa’(ﬁ%«‘fﬂf&ﬂ.&@{mé‘& el

compleuon of SQA mllestones actuai vs planned

effort spent in SQA: actual vs. planned

no. of pmduct audits : actual \73 planned :

‘no. of actmty reviews : actual vs. planned'

_no. of defects : actual vs. expected, lf appropnatc
“no. ofrcvwwsheld wnhwstomer acmalvs.plannedj-
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i allAa Bt £

?

_SW Conﬁg mgt Detenmne status of SCM activities .8..

.  110. of Cls identified
no. of work products identified

 no. of change Fequests processed per unit time

‘- no of change requests per product

no. of problem reports prooessd per unit time

Bo. of problem repons per product

completaon of nmlestones actual vs, planned

eﬁ‘ort m SCM actual VS, planned
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7.3.2 Level 3 ;

iLevel KPAs Lev i¢ K :
Measprement and Analvsis '

NMeaswesnents made 10 detenmine status of org’s process
development and improvement activities e g..

3 Orgamuzation Process Focus
work completed « acrual vs planned
efltort spent - actudd vs. planned
training imparted - actual vs planned

Comparison of results of process mssessments vs,
earlier assossments

Node: SW process DB showld conlain process and product
measures - his is a commiiment feature for next KPA
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mine
'0 antzation Pracess Measurements are made and used to dete
3 Org

iti ivities €.8.
Definition status of org.’s process definition act

work completed — actual vs. planned
effort spent - actual vs. planned
Contents of process DB may be:

: estimates of SW size, effort

. actual data of above

: productivity data

. quality measurements
 peer Teview coverage / eff.
- test coverage / efficiency

: SW reliebility measures

+ 00, and severity of defects in SW reqmts

l
+ Mo and severity of defects in SW design 40¢- 'i

- 10. and severity of defects in SW code _/

103



3 . Training Program Measurements are made & used to determme status of trg program
activities e.g..

: actual attendance vs. expected at each course
: implementation of trg plan - actual vs. scheduled
: no. of trg. waivers over time

: no. of times trg dates were shlﬁed

Measurements are made t0 detenmne quahty ofug Pmsmx €8
resuhs of post :rg tests
: review of student feedback

: feedback from SwW managcrs.-:j-: ,.':-'3 e .
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[
Level KPAg Key Practices for - Common Featore: ____",\

|
Measurement and Analysis )

the
iveness of
3 Integrated SW Mgt. Measurements are made to deternine effectiven

integrated SW mgt. Activities e.g

- effort cpent to manage project - actual vs. planued

- frequency, causes & magnitude of replanning eflort

. iev}
. . . o . cstlma
- for each identified risk, the realized adverse impact vs- ,
adverse impact

: . impacts 10 sW
no & magnitude of unanticipated major adverse impa
project, tracked over time

- Risk forecasting ability index
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SW Product Engmecnng Mensurements are - made and used to detenmne the
ﬁmcuonahty and quality of SW products ¢, 8.

Measurements are made to dezerxmne Status of sw produc:
engg_ acuvmes e.g.

defect category and severity

units containing defect

units aﬁ'egted by defect

activity where defect was introduced

revieﬁ ortest cases that idenﬁﬁed the dcfect

no. of defects, by type and by severity, cumulauve and
by stage.-

allocated reqmts (eqmv oa "statcment of needs in a
non DoD env.) summarized by category: -(quality

attributes like security, performanoe etc) and traoed to
SW reqmts and system test cases.

status of each allocated reqmt throushout the life of’
project

problem reports by seveﬁty' and length of t,iﬁle._they are
opén | - '

change activity for allocated - reqmts (changes in
customer needs) _

effort to analyze proposed changes - -average /
cumulatlve

no. of changes mcolporated into baselme by category

size and oost to. implement  and test changes made;
inclyding initial estimate, actual size and cost.
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Lovel KPAs v Practices

= mo : e

Measurement and Anglysis AN

- status of
3 Intergroup Coordination Measurements are made and used to determine

intergronp coordination activities ¢ g,

actual etfort spent by

er
SW engg group for support to oth
groups

|
I
actual effort spent b -

CWi
Yy other groups for suppott 19
€nge group

completion of s

on
Pecific tasks by SW engg group to supP
other groups

Complenon of

specific 1
SW

'\L'.-“
asks by other groups 0 SUpr
engg group
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3  Peerreviews - Measurements are made and used to detemune status of peer review
- ~ activities e.g.. o -

- no. of reviews - actual vs. planned

- effort spent - actual vs. plannqd i

- ﬁo. of work products reviewed - Q.Cfual Vs. planfied
- no. of times reviews delayed .

- elapse time of reviews — acwal vs. planned
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7.3.3 Level 4:

Level KPAs Key Practi i - Comin ‘eatnye:
Measurement and Analysis
4 Quantative Process Management Measusrements are made to determine the status of
activities for QPM e g

Project’s defined SW process
1s under quantitative control
{which imphes any
quantitative or  statistical
based technique appropriate
to analyze a SW process)

IMP.- QPM policy for projects
specificelly states that sensiiive

data
performance is

individual’s
protected and

refating to

access controlled.

Org’s std SW process is
analyzed and a baseline
created.

|
cost over time for QPM activities - actual V5|
planned

- completion of schedule milestones for QPM!
activities - actual vs. planned

|
Examples of measurement data captured are: |
. estimates of SW size, effort ||
. actual data of above l

. productivity data

. quality measurements (no. of QCs done - actual /
planned)

" peer review coverage / eff,

- test coverage / efficiency

. SW reliability measures

: no. and severily of defects in SW reqmis

» no. and severity of defects in SW design doc.
- 10. and severity of defects in SW code

- M0. and rate of closure of action items.

IMl[’ Measures are taken from the entire SW IiI¢
cvele
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4  Software Quality Management Measurements are made and used to detemune the
' status of the SW QM activities e.g.. :

: cost of poor a_uahty :
- Measurable goals for SW
product quality are set and : cost of achlevmg the quahty goals
actual progress toward
achieving these are

measured . ST |
Quality characteristics that may be measured include

ﬁ.mctmnallty, ;'ehablllty, usab:hty and mamlamablllty

For each chmctenstsc numenc values are defined as
goals e.g.. -

Reliability - MTBF speca!Jed in reqmts and that 1s
planned to be achxeved

Mamtamabllny Mean tune to repan'

Funcnonahty - the % of overall reqmts that wﬂl be
met

Goals related to SDLC stages are:

- defects related to each stage will be -reducéd. frohi
the previous product release hy a pre deﬁned
percentage '

- a predetermined % of predlcted defects wﬂl be
found by the end ofthetestcycle = = .-

- atarget maxunum defect age -

- -2 target max. defect densny
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|Level KP32 Key Practices for - Common Feature:
\ Mgasurement and Auafvsis’
| < Defect Prevention

Measurements are made and used to determine the status of the
Defect Prevention activities e.p.: |

* cost of DP activities |

\

- effort involved in DP activities \

. profiles measuring the number of action items proposed, Opeh and\
completed

|
: number of defects injected in each stage, cumulatively 200 0V8r|
various releases of similar products |

l
- number of defects

. cost o_f defect correction (including ideatification) vs. cost of “O‘&
correcting these defects

___...—/
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Technology Change Management

Measurements are made and. used to detelnﬁné "the
status of the Technolog) Change Management
“activities e.g.:

: cost of TCM activities |
. effort involved in TCM activities

: profiles measuring the number of technology
changes pmposed, o.p_en and-completed

: the effect of mlplementmg the teclmology cha.nge
compm'ed to the goals .
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Level

KPAs

5

Process Change Management

- measures relating to customer satisfaction

Measurements are made and used to determiqe_i_hel
status of the Process Change Management aClWlthS\
e.8.

: cost of PCM activities
. effort involved in PCM activities

. profiles measuring the number of action items|
proposed, open and completes, sorted by k&

process area, each project, group and departments
etc

: response time for handling process imp;'cm‘;mﬁﬂt
proposals

effect of implementing process i1'11;;m:’verﬂf”’t
proposals |

|

- overall performance of the organization’s and
project’s processes, including effectiveness, quallty
and productivity compared to their defined goals

- overall productivity and sofiware quality trends 1
each project

- Ref CMM - 94 and CMM-93.2 j
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74 A set of recommended Metrics to atta:n CMM Level 4 & 5 maturity

Although we have, in the earlier section, analyzed the requirements for metrics from the CAM
point of view, it is important to bear in mind that CMM has, time and again, stressed the need to
ultimately choose metrics that are appropriate 1o the needs of the organization. If the metrics
chosen do not satisfy the managerial needs of the orgamization, then the very purpose of
instituting quantitative measures would be defeated. Thus, while the meirics identified below
may be an useful guideline, the organization should identify whatever is appropriate 10 its needs
and move forward accordingly. In light of this, we recommend that the metrics set be divided

into two :

e (Core Metrics
e Tertiary' metrics

The Core Metrics address the fundamental management concerns of the organization, in terms of
effort, schedule and quality of production while the Tertiary Metrics address the requirements of
other processes which the Core Metrics may not have addressed. The Core Metrics set may
hence be viewed as a set that the organization cannot do without and therefore, should be
mandatory. The set of Tertiary Metrics that we have identified may be tailored according to the
business needs of the organization. This is not to suggest that the Core Metrics are not tuned 1o
the organization’s business needs but as we shall see, an organization would generally find that

it cannot do without the Core Mefrics anyway.

It should be kept in mind that this runs counter to the philosophy of the CMM, which has
refrained from recommending an overall set of metrics that an organization can use. This is
because the CMM has consciously stayed away from becoming a prescriptive model and
believed that recommending an overall set of metrics would put the company into a “straight

jacketed” frame of thinking. On the other hand, we believe that software organizations are
wers and insights into what metrics to adopt which would help them

presently groping for ans :
satisfy the requirements of CMM Level 4 & 5. Thus, a recommended set of metrics, we believe,
would benefit the software industry greatly.

The two sets of metrics — Core and Tertiary are explained below:

7.4.1 Core Metrics

The concept of Core Metrics has been explained above. These metrics are explained below :

7. 4 1.1 - Schedule variance — Original

Definition : This is defined as :

¢

3 . in the sense it is used to describe the educational system - prima
The term “tertiary” has been Unsggd tertiary education. Tertiary metrics, therefore, implies a much mo?e

education, secondary educatio .
advanced set of metrics than the core metncs 1



Actual Durgtion of the project — Original estimated duration x100%
Original estimated duration

Source of data .
o Project Plan for the estimated duration
e Project Status reports for the actual duration

e Project closure reports for the actual duration

Analysis - This metric is useful for the Project Manager to track any variance against the original

estimates. It also sheds light on the accuracy of initial estimates. Hence, one organization it lndts
also calls it “estimation accuracy metric”.

The organization may set up organization poals with appropriate control limits. Management

according to its needs may define the control limits. Typically, organizations set up control limits
as +/- 10 % with the 1arget being 0%,

Please note that the definition, as given above, implies that schedule variance can only be dcné al
the end of the project. However the project manager would need to track this metric during

course of the project. The vanance should then be computed on the basis of the actual an
planned duration of the activities till date.

7.4.1.2 Schedule variance — Revised

Definition: This is defined as :

Actual Duration of the project - Last estimated duration x1 60%
Last estimated duration

Source of data :

e Project Plan for the estimated duration

o Project Status reports for the actual duration
o Project closure reports for the actual duration

Analysis : This metric is extremely useful for the pro; .
project. The las} revxsgd estimate is taken as the basis here ins!eudgof lhctrg;ki;hi pr?irz:: O ich
was taken earlier. This metric would be reported in the periadic staty ginal estt oy
Senios management. $ reports for revi

The organization may set up organizatio i
n goals with oy al
he ‘ et dppropriate control | The contrd
limits lmlgy be defined boy management accordiug to its needs Typicall 010.:mnls. t'ol;s i
cor:qu t|-m_1t5 as +- 'S Yo with tt}e larget being 0% Thig impliés thaly;na ngaan 23t ¢ in these
organizations, is sending out the signal that the varance with the revised estimallg:smsir;l:tld not be
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high (a max. of 5%) while in the case of variance against the original estimate, a variance of 10
% would be tolerated.
Please note that , as stated earlier in 7.4.1.1, the definition implies that schedule variance can

only be done at the end of the project. However the project manager would need to track this
metric during the course of the project. The variance should then be computed on the basis of the

actual and planned duration of the activities till date.
74.13 Effort variance ~ Original

Definition : This is defined as :

Actual Effort — Original estimated effort x100%
Original estimated effort
Effort may be measured in person days or person months, according to organization practice.

Source of data :

® Project Plan or proposal or contract for the original estimates

e Time sheets or activity recording sheets for the actual efforts‘

e Project Status reports for the actual efforts

e Project closure reports for the actual efforts

Analysis : This metric is useful for the Project Manager to track any variance against the original
estimates. It also sheds light on the accuracy of initial estimates. Hence, one organization in India
also calls it “effort estimation accuracy metric”.

The organization may set up organization goals with appropriate contro! limits. The control
limits may be defined by management according to its needs. Typically, organizations set up
control limits as +/- 10 % with the target being 0%.

e that the definition, as given above, does not mean that this variance can only be

d of the project. The project manager would need to track this metric during
ffemf:Jrefe a;rt l':lfee;roject. TlI:e variance should then be computed on the basis of the actual and

planned effort of the activities till date.

7.4.1.4 Effort variance — Revised

Definition : This is defined as :
Actual Effort — Revised estimated effort x100
Revised estimated effort

%
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Effort may be measured in person days or person months, according to organization practice:

Source of data :
o Project Plan for the revised estimates
o Time sheets or activity recording sheets for the actual efforts

e Project Status reports for the actual efforts (these reports may also contain the revised
estimates)

o Project closure reports for the actual efforts (these reports may also contain the revised
estimates)

Analysis : This metric is extremely useful for the Project Manager to track the effort spent and
the extent of vanance from the latest planned, if any. The last revised estimate is taken as the

basis here instead of the original estimate which was taken earlier. This metric would be mpoﬁed
in the periodic status reports for review by senior management.

The organization may set up organization goals with appropriate control limits. The control
limits may be defined by management according to its needs. Typically, organizations set UP
control limits as +/~ 5 % with the target being 0%. This implies that management, in thes®
organizations, is sending out the signal that the variance with the revised estimates should not b€

high (a max. of 5%) while in the case of variance against the original estimate, a variance of 10
% would be tolerated. ’

Further, scme organizations set up much tighter limits for schedule variance than for effort
variance, thus conveying the thinking that while the organization is willing to tolerate €ffo
variance (to an extent), schedule variance must not be there in the project

Please note that the definition, as given above, does not mean that this variance can only D¢
computed at the end of the project. However the project manager would need to track this metric

during the course of the project. The variance should then be co :
SR : mputed he act
and planned effort of the activities till date. P on the basis of t

Caveat. Implementing Time sheets

One of the most contentious issues that organizations are faced with. while implementing 2
metnics program, 1s the issue of implementing a time sheet s ' P

. ystem to capture the actual effor!
spent in the project. We have seen in the above four metrics (and many others that we will 5€¢
later) that tracking data on effort spent is not only extremely important for project monitoriné
and control but also for estimating for new projects projec

Timg sheets are riost useful as a method of ca
captured at source ie. filled in by the doers th
manager would have a difficult time in computin
nature of efforts spent ¢ g how much was si)ent

ptuning this data since the data can then ¥
emselves If this weie not there, the proje®!
¢ the effort spent in a particular month and th°
on requirements analysis, how much on syste™
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design, on testing etc. A weli-designed time sheet system, with adequate activity codes, makes
the job of collecting effort data much simpler. A list of activity codes is given in Annexure 7.

The problem in implementation arises because most IT professionals start to feel threatened by a
time sheet system since they feel that they are now being held accountable for every single hour
they spend on the job. This runs counter to the spint of “free thought and creativity” that is one
of the strengths of the IT industry.

We believe that this stems from the fear that the use of time sheets may be misused by
management to either point fingers or to demand explanations for too less time or too much time
spent on a particular activity. Instead, if the message goes out strongly that time sheet data shall
only be used to track project progress and to serve as a basis for future estimation, the time sheet
system gets to be accepted very quickly. We have seen an organization in Bangalore where the
CEOQ had sent out an explicit assurance to this effect to all his employees before implementing a
time sheet system. Several other organizations expressly prohibit their HR department from
having a look at the time sheet data. Others give read permission only to the Project Manager and
not to anybody else. Whenever senior management needs to look at the data, they only get
aggregated information without the names of employees. Maybe this is symbolism, but ‘we
. believe that this symbolism is extremely important for a smooth implementation of the time sheet

ystem.

l 7.4.1.5 Productivity:
| Definition: This may be defined as
=Size / Effort.

"'. Thus productivity is measured as Kilo Lines of Code per persor day or Function points per
person day etc.

: L

" 'To compute this, we need both Size and effort data.

. 7.4.1.5.1 Size Measures:

ize of the software being produced / ported / tested needs to be measured so that productivity
can be computed. Also quality metrics can be ei’f‘ecu\@.ly compared across similar prqjects only
if size measures are available. However, the size will depend on the type of project being
! executed. The measure chosen will depend on the type ff system. The pnn::nplm of “Tall Tent
Pole Phenomena” (Fred Brooks — BRO-‘I.S). and that of Pnnc:pgl !ndl?atol" (Toql De Marco -
MAR-82) viz. “Identify the one characteristic that may be most indicative of the size” should be

kept in mind while deciding on the size measures.

be Function points or Lines of Code or Feature points or any other that is
| appropriate to the needs of the organization. We have, during our work with several
. organgations helped to define size models for various types of projects and environments e.g.
for QO pmjec’ts, testing projects, systems software projects etc.

Size measures may

!
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7.4.1.5.2 Effort:

. - . - ,
Lffort may be calculated from the time sheets directly. The total effort is required for compuling

- - . . . - I’l
productivity; however, the breakup of the effort into various activities is required for determin /4
effort required for each KPA — from Level 2 1o Level 5.

7.4.1.6 Core Quality Measures:

Quality of the product produced is measured from the defects which are detected by both Tesung
and review activities. The core measures that an organization should have in this area are:

7.4.1.6.1 Defect density

This metric reflects the “health” of the product created in the sense that a high number of defects

shows that, quality wise, a bad product has and leads to a quantitative prediction of product
quality.

Definition : This is defined as :

DD = Total number of defects
Size

Source of data : Defect data would come in from the “test logs” and “review findings reporss -

These may be called differently in different organizations but these are essentially the defect
logs frem review and testing activities.

Analysis : Based on this, organizational norms can be set up. These norms are specific to a clas®
of projects. The defect density of a product can then be co :

. mpared to other similar products 2%
management decisions can be taken in case the quality is very different from the organizationd
norms

This metric is in line with requirements of the Software Quality Management KPA at Level 4 of
the OMM

7.4.1.6.2 Weighted Defect density
This metric takes into account the fact that the severi:v of

. defects may not be always the same
Thus some defects may have severe impact while many athers may only have a tnyvnal impact:
Treating all defects equally and measuring on this ba :

; , sis may lead 1o distorted pictures emerging
from metrics analysis
The first step thus is to assign a severity level 10 a1 defi .
ects. Gene . hree
levels - rally severity levels are at t
e Major

e Moderate

o Minor
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IBM’s severity codes are as follows:
® Total failure / System Crash
& Major Function Failure
® ' Minor Function Failure
e Superficial

Weights are assigned to each severity level e.g.

M?jOI’ defects may have a weight of 5, moderate 3 and minor 1. However, from the practical
point of view, we find that organizations are reluctant to use weights which appear to magnify
their defect density levels. Hence, they use weights like :

® Major—2
e Moderate - 1
® Minor-0.5
Definition : This metric may be defined as :
Weiéhted Defect density = (Number of major defects * WMJ + No. of moderate defects *
WMD + No. of minor defects * WMN) / Size
Where WM.J = Weight for major defects
WMD = Weight for moderate defects

and WMN = Weight for minor defects
Source of data : The data for this would come in from the same sources as for Defect density i.e.

“test logs” and “review findings reports”. However, _the test logs and the. review findings report
formats may need to be modified to ensure that severity levels can be assigned 1o each defect by

the tester or reviewer. |
Analysis : The analysis is similar to that of defect density. Organizational norms can be set up

and the quality of the product may be compared against these.

7.4.2. Tertiary Measures

, ; be appropriate to examine other measure
; ) core measures, it would now app. i s
H]c:};rgg d@fgeﬁ ;ﬁ;‘éc:f itional insights to processes being followed within the organization.
;:’J a:c q};’?}lz esfme-’?‘fcs provide insighis into the qual:'ty. control processes used in the company
wh ,—’g others meastire various key process areas as required by CMM.
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7.4.2.1 Defect Age

|

. . ity contro

This is an extremely useful metnc for measuring the effectiveness of the -qu'a::ya syster
processes being used. It essentially measures the length of time a defect lay insi

1 i ' at 1t was
without being detected. Thus, the time from which a defect was introduced to the time th
detected 15 measured.

Definition: The defect age can be defined in either of two ways:

a) Defect Age (Time inethod)

= 2 (Time detected — Time Introduced)
H of defects

This will give the average elapse time for which the defec mpa®
detected for a specific project. However, the elapse time method is not very useful to wr Al
across projects. The w:de vanation in duration thai one project may have from the Ulheonms
mean that a defect age of. say, 3 months for a4 small project with a total elapse time of 4 rrloJcct
may be alarming, while the same number may not be a canse for concern for g 36 month Pf

; - . hers
This makes us constder an alternate method ie. computing Defect Age by the Phase Nut®
method

' elng
t lay in the system withoul b

NL
b) Defect Age (Phase method) : In this method, phase numbers are assigned 10 each P
e

o Project Initiation — Phase |
® Requirements Analysis — Phase 2

o Software design ~ Phase 3 ¢fc.

This metric is defined as:

Defect Age = 2 (Phase dggg_fe__d_;gh_@.g-,,,t

ntrodrced)?
# of defects
: o
Based on information on the phase in which the defect wa - hich |
. . s detect hase in
was introduced, the defect age is caleylateq ed and the p

Source of data: The phase detecteq
sheets. The phase detected is the ph
The .comparatively difficult data
should be filled in based on the sy
be able to know if the data petai

anq the p.hase ntroduced should be logged in the defec! ‘.Of
aS¢ In which the relevant quality control activity was I
1o ﬁll In is the phase introduced. We recommend that lf‘
t.>J<3ctn.:e Opinion of the TeVIeWer or the tester You would 1) Al
NN 1o the phase intrody .

ced was exactly correct, however ™
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is important is that the opinion of the reviewer or tester will be correct in at least 90 % of the
cases.

Analysis: In the ideal scenario the defect age should be zero, since strong quality control
processes (reviews or testing) should be able to detect the defect in the same phase in which it is

introduced.

This metric sheds useful light on the effectiveness of the quality control processes used in the
project. If the defect age is high, then it weuld mean that the quality control at each phase is
weak and has allowed the defects to leak from one phase to the other. Hence this is also called

the Defect Leakage Metric.

7.4.2.2 Defect Removal Efficiency (DRE)

This measure was first used by Grady [GRAD-86] at HP, USA. This is also a measure of the
effectiveness of the quality control processes in the project. However, unlike Defect age which
providss an insight into the various QC processes used, this metric measures the effectiveness of

the aggregate of QC in the project.

Definition: This is defined as:
DRE = # of defects before shipment x 100%
Total # of defects (before and after shipment)

Source of data: No new sources of data need be there for this. The numbers would be available
from the defect logs used in the project. The problem would however be in determining what the
total number of defects should be, since defects could continue to be found even a long time after
shipment. We recommend that organizations fix a tirqe frame uptil which they would wait , the
assumption being that all defects found within that period would be all that would ever be found.

Thus fotal # of defects may be defined as = Defects found before shipment plus those found

within a year after shipment.

Most organizations in India are not able to get even this data since most projects that they
execute from India are either development projects or maintenance projects but not both (For the
above data, the project should have been involved in both development and maintenance of the
system, otherwise it would not be possible to get this data). We therefore recommend that they

assume that:

Total # of defects = Defects found 1ill acceptance lesting
Defects found before shipment = Defects found before acceplarnce testing

re should be as close to 100% as possible. Grady feund, in his research,
he world have DRE > 90% (GRADY-86). A high DRE figure shows

cesses used in the project were effective in removing most of the
the client. A low DRE figure shows that many defects

Analysis: The DRE. figu
that good organizauonsl int
that the quality control pro
defects before shpping the product to
were found after shipment.

Based on analysis of past data, capability baselirlnles and control limits may be set up so that

i i ce against these.
projects could compare their performance ag e



7.2.4.3 Test Effectiveness Ratio (TER):

This is also known as Test Coverage Ratios. There are three types of TERs (NCC ) that may be
calculated:

Definition:

TER1= # of LOC tested
Total § of LOC

TER 2= # of branches tested
Total # of branches in a program

TER 3= # of paths tested
Total # of paths in a program

Source of data: For capturing this data, tools need to be used. Without tools. it would be very

difficult to compute this metric. Most test tools provide data on TER1 and TER?2: er only
few like Logiscope etc. provide TER3 data (NCC..). and TER2: howev

Analysis: These metrics are generally relevant for determining i : 1
. . ning if the tes rogral
level (white box testing) has been adequate or not. 8 ting done at a progf

Goals can be set for each of the TER metrics — an example of such goals would be:
o 100 % for TER 1 and TER 2 during white box testing

o 70 % for TER 3 during black box testing

Although wwnvely 1t would seem that goals for TER
‘ : i fiOS
vould find 1t very hard to achieve smce the 7 3 should also be 100 %, organizatio!

mmhber f con e
large. Hence during black box testing (system tes ting Jf combinations of paths would bt !

. . OC“&_’ ’i’l“h ' Y e Iy !’ I}J ’l‘
satisfied if at least 70 % of the paths have been exercised af le{ . “‘ lesting etc.,) they wou
i NI

7.4.2.4 Review Coverage Ratio

various review artifacts have beep reV"e\f;’ed ‘Coverage, not depth of review) to which 1€

Requirements specifications, Design specifioation: : h; relevam review artifacts may b€
5, CO0e c1e
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Definition: The various definitions are:

Requirements Review Coverageratio=  #ofre uirements reviewed
Total # of requirements

Design Review Coverage ratio=  # of design specifications reviewed
Total # of design specifications

Source of data: This data would be available from the review sheets. The reviewer would need
to fill up this data. The total number of specifications may also be obtained from the Traceability

Matrix, if available.

Analysis: The goals for Requirements revicw Coverage and Design review Coverage should be
nothing less than 100 % . The goals for code reviews may be set at lower numbers and may be

based on control limits obtained from past data.

. 7.4.2.5 Defect Distribution

This set of measures provides a view of the distribution of defects across the various phases in
the project.

Definition: Various definitions would apply for various phases as given below:

Requirement defects ratio =  # of defects found in requirements phase
‘ Total # of defects

Design defects ratio =  # of defects found in design phase
Total # of defects

Source of data: This data would be available from the defect logs

Aaqalysis: Based on this set of measures, a defect profile could be drawn up. An expected
number of defec}s for each phase could then be known from the defect profile a'md thex%efect
density. The project manager could then use this information to compare with the actual defect

found in each phase and take management decision on whether further reviews / testing ar
necessary, rework is necessary or not etc. ws / testing are

It is useful to represent the defect i i :
across phases. P e defect profile in the form of pie charts showing the defect distribution

The above metrics related to th li .
Areas in the CMM, e quality of a product. The following relate to other Key Process
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7.4.2.5 Requirements Stability Index

As the name implies, this provides insights into the stability of requirements during the life of the
project.

Definition:

Requirements stability Index (RSI) = (1 - # of changes 1o requirements ) x 100%
Toial & of requirements

Source of data: This data will be available from change requests the traceability matrix.

Analysis: This metric is very useful for an objective evaluation of changes to scope of work and
functional requirements. This metric may be used for extensive root cause analyses of othef

metrics e.g. it would be logical to find thai the effort variance was very high 1 cases where RS
15 very low.

This would be an useful metric to measure the effectiveness of the Requirements Managemen!
KPA at Level 2 of the CMM

7.4.2.6 Effort Distribution

Similar to defect distribution, this measures the effont s

pent in each phase : ntage of th¢
total effort in the project. There would therefore be vari plase as a peroentad

Ous measures within this set.
Definitions:

Requi' ements analyﬂ.s effort ado - Etioﬂ Sgeflf i“ Regmt Ana’E iS‘ X 100/
r < 0
2 O‘QI eﬂ’bﬂ_f.o' fhe pl Of'ecf

Design effort ratio = Effort spent in Software design x 1609
Total effort for the project

T e ———

Review effort ratio = Effort spent in reviews x | 00%
Total effort for the Project

Configuration Managenient effort ratiop =

Hig Manapement x 100%
Total effort for the pro_,iect-x
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Similarly, a number of other metrics could be defined dependin iviti

lilfe to track for a project. The effort spent for each KPK in th% %m ?:::l]ctll%setrrfc:ﬁgg wﬁiﬂg
will lead to knowing, at any point of time, the effort in these areas. The effort in any onewKPiﬁ
may also be the summation of all effort spent in related activities e.g. the effort spent in doi
TCM activities at Level 5 may be the sum of efforts spent in tool evaluation, R&D activities to‘:)gl

implementation on a pilot basis etc.

Sour:ces of data: All data for these would come in from the time sheets. All that would be
required would be an appropriate set of activity codes. A sample list is enclosed as Annexure 7

Similar to defect distribution, an effort profile for the project can be drawn up with the
data available for past projects. Thus, one would be able to predict that project management
effort accounts for x% (say, 15%) of total effort on the project. Similarly, other predictions can
be made. These would be useful for estimating effort on the project, especially if the task based

method of estimating is being used.

mation, the effort distribution is also useful for tracking productivity during
ect. Based on productivity and estimated size, the estimated effort for the
based on the effort distribution, the effort in each phase can be
the project plan. The effor variance metric, explained eatlier in
thereby giving the project manager if the

Analysis:

Apart from effort esti
the course of the proj
- project is obtained. Thereafter,
estimated. This is documented in
this thesis, is then used to monitor progress,

productivity he is achieving is on track or not.

7.4.2.7 Mean Time to Repair (MTTR)

This is a very useful metric for maintenance projects; in fact, for certain production support type
of projects, this may even be construed to be a Core Metric since metrics like effort variance,
productivity etc. may not be easy to compute for such projects.

Definition:
MTTR =3 (Time problem resolved — Time problem reported)
# of problem reports in project

Sources of data: Data for this would be available from the tracking sheet used for logging the

problems reported by customer.

Analysis: MTTR is useful for obj e:cti_ve evaluation of an organization’s performance in providing

maintenance services. In a way, it 1s 2 surrogate measure for productlvity for such projects
of each and every problem report may not be possible. This measure

where determining the size Of !
d time”.

is also called as “Turnarount
Based on past performance, target values for MTTR may be obtained with appropriate control
e basis for service level agreements with the customer

limits. These values may then serve as th
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7.4.28 Mean time to baseline (MTTB)

This metric measures the effectiveness of the Configuration Management Key Process Ares.
Definition:

MTTB = 2 (Tume CI baselined— Time Cl approved)
# of Cly in project

where Cl = Configuration Item

, : . ¢
Sources of data” This data would be available from the document Master list Of h
Configuration Control Register or any equivalent form of status accounting in the project

Analysis MTTB provides an insight into how quickly the
Configuration ftem nto the baselined library, once it hus been
The expected MTTB in an effective and simplc

] i the
project is able to move

. g
approved for such base-lni
CM process would be a value very near 2660

We had once studied an orgamization where the MTTR was as much as 15 days This W& "
cause of concern since it meant that the orpanization had propably a ver& cumbcfso_me
configuration management procedure It wirned out to be true - there was only one oonﬁguraﬂoﬂ
contranter for ttus SO0 employee strong organization. Aj} Cl s had to be sent up to this one person
who was generally s0 busy with ins other ma P

nagerial responsibilities fhe wae a Ve Presideo!’
this company) that he could do the baselinin 5 €S {he was a Vice

8 work only once in a fortnight
Based on past performance, target values for

. o'
limits. MTTB may be set up with appropnat€ cot

7.4.2.9 Metrics From the Quality Assurance ypg SEPG Areqs

Processes tike process dci‘miiions, e

d
by some or all of the following metrics

e
mal andice ) asuf
2udits, process improvemenis etc. may b¢ ™

Q) Average non conformances Per audit -- Ny, s

20 of Non Lonformunces
| No. of audits
Like the defect density measure
minor non-conformances {hig

be drawn up (simifar 10 g produ

for product

may also be

Ct profile,

&) Average NC closure ime ~ &",\
me iaken ¢

r 0 -C_IOSG « .\.’ v
No.of NCs ¥
- ,|."
ed for each e
4 1 . - ss
ved Mtemal aydiy and shows the reSponswene A

A jor ¥
Z‘ "US May also be weighted in terms Of m?‘fle o
one KPA wise 5o that a process heaith pro

o

This is a messure which 15 caleylay
auditees in getting the NCs resol
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¢) Effort distribution for process related acti iti i
activities: Again, a set of activity ¢ ffi
. X odes
1o provide these data. Effort spent in process definition, process imp?ovcmen:v:;lclidi:?er:'nc;

audit activities could be tracked.
d) Frequency of process improvements: This could be measured by the number of process

improvements made per unit time e.g. 5 process improvement
: © €.8, s per month etc. Thi
show the extent to which the Quality Management System is “live” within the orngElzsati“;%md

e requests: This could be measured by the number of process

change requests made per unit time e.g. 3 process change request i

: -8~ s come ia on the ave
week etc. This would show the interest of the users in ensuring that their rag:aﬁfr
Management System meets their needs. This would serve to meet the measurement needs foi

the Process Change Management KPA at Level 5
Status of process improvement (Pl) su sti 8. ;
Suas p improv (PI) suggestions &.8 number of PI suggestions open and

e) Frequency of process chang

g) Status of Technology change proposals: A number of measures from the Technol
5 could be taken e.g. number of TCM proposals op:nﬁdgi’:s?de

ement KPA at Level
frequency of TCM proposals, benefit accrving from TCM proposals in pilots / organization

wide etc.
proposals: These would be similar to the TCM measures given

h) Status of Defect Prevention
also be tracked project wise.

above, except that these may
Metrics from the Training process

74210

The training processes may be measured by the following metrics:

a) Average training feedback scoré = i ck sco
No. of participants

valuation of the training course. Each training course would
Averaged over a number of training courses, an average of

This would serve a< an objective €
would be computed and would serve as the capability

then have & metric as defined gbove.
the average training feedback score
baseline for the organization.

rovements over past data. Together with appropriate

up as imp.
uld be very tightly monitored.

Target values could then be set
s performance o

control limits, the training proces
The nice thing about this metric is that the training area is very data rich (If each training
program has around 20 participants, (::i] / 20 P"‘,’g“;mt;p a Ye?:a‘i’n!{ld give around 400 data points
to analyze). The data can be partitioned into various types o ing e.g. technical traini

yze). The o etc. and different target values set up for each. g, soft

skills training, quality training
mployee per year: This could be defined as:

@) Average training days Per © e
= No. of trainitg days in this year * Total No. of participants
in organization

No. of employees
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The MTTR is calculated for 4 specified time period, generally a month, The term “call” has been
used here instead of “problem report” that we used earj;

‘ . carlier, since in the System Administration
function, thege terms are miore widely used.

Communication Link up time

b) Server up time

= INo. of hours seryey Yasup 10
i 0%
No. of availapy, hours jp lime ’

Period
) Desktop up time - -

For all the uptime Metrics, the availap nt

should have peep up. Therefore ¢1.: . €ans the Nump he equip™®

available in the nighy g, ¢ this woylg discount e fact f}{a? 1;1?: lg:sgg;st need 10t %

Based on this, Service leve] a

Administration functipp, ments could be drawn up between the projects and the SY stef?
)j

of Course, severy] other

- Metri
like back ups, disaster recover;se;omd als0 be

The above Section proyig
‘ es :
depending qp Managemen; Priorig; Cs Canyag, Sev, c4
given z}bove would 5, fice to giy ;S, prob]em Per%ptio Cral other Metrics may be ¢ the set
achieving CMM Leyey 4 - '© 8ive the Oganizatiy, Ol e, webeive s 05
LAt

. . e
aton on which it can mov

« 14§65
Computed from this function relating t0 otV

ptore



7.5 Base-lining process capabilities

Activ.ity 7 of the Qu;ntitative Process Management KPA requires that “the process capability
baseline fgr the organization’s standard software piocess is established and maintained.” (CMM
Key Practices ver t.1). The sub key practices provide, inter alia, the following explanations:

® The project’s process data is summarized in the performance baseline and this is recorded in

the process data base

The process performance baseline for each project is incorporated into the organization’s
capability baseline

o Capability baselines are documented
Capability trends are examined to predict tikely problems and likely improvement
opportunities

Capability baseline means that the organization’s capability is known in quantitative terms, ar q
specific point of time. Similarly performance baselining means that the project's performance is

known at any specific point of time.

The distinction is made between performance baseline and capability baseline in that
performance is linked 1o a project while capability is that of an organization. An aggregate of
project performances lead to a buildup of an organization’s capability. Performance relates to the
past while capatility relates to the future — the former i1s ex post while the latter is ex ante.

These baselines are built up by performing periodic analysis on the data. As described earlier, we
generally recommend that these baselining exercises be done at least once every 3 months. These
are then documented in the form of baseline reports and published organization wide so that all
concerned projects could use these for managing their projects and to estimate for new projects.
During these baselining exercises, the project data for each metric is analyzed and the following

computed:
e Arithmetic mean.

s Conrrol limits
These have been described in greater detail in various sections below. We also see, in Chapter 8

examples of some baselines in some companies we worked with.

7.5.1 Aspects of Process Measurement

While building up process capability baselines, it is useful to understand concepts of

e process stability
® process compliance
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® process Capability

®  Process improvemens

from the point of view qf ME3surcinenty ang Matsncal analvers The St has explained thest
thirough a Measurement handbogk titied “Pracyical Software Measuremeny” (SEL-)

a) Process Stabifity

It is considered by many 10 be g the core of PIOCess management.

Stable processes lead to Predictable re
Vanations in results {product or Servic
two -

i PR "
sults, which i, rm gy Synonymous with “jn Co"tr_ow
€} are studjeq. The sources of these may be grouped i

®  Variations dye to . . HImon causes | o Causes thar are linked 16 the processes being foltowes
or other undcrl\-'mg feasors whigl wiy)

e . !
kcep Tepeating themsejyac These variations can only
be removey by, 'mproving the process

To determine if & process is styhie please ref,

fer 1o Section 742 below
b) Process Cornglun_ce

For a process to be stable, i MUst be operayeg SOnsistently J¢ this is noy done, the causes for (P°
varidation in performance will pog be hnown 1 hus proces ’

. 18
eSS complianga ... 3 be looked &
well. These are looked at from, three aspects- PlieRce needs 1o be

® Finess of Ofganization - The extent 1o
Particular procesy Thus, 1ssues of
Processes need 1o be looked at

. e O
. ‘ ¢
Which an OfRaMzation | able and ready 10 Ubn

* 1 ofthe defined process . The exteny 1 Which the PIOCsSeS ure yged

. Ovcrsight, bcnchmark'!ng and 3Sessment op Processes . 1. CMM L7
My exist 1o benchmary the Matunty of 4y, organizatioz’; }l;r(zmnzii reestes <&

©) Process Capability ‘

This aspect of process measuremem . .

es?
o= ¥ exa ; . roce” .
MELLNg its poals These 80als may be b ‘Tnlzses the Question of whether or not the P 1o &8
, + ) s

S e ! ject 20 s
If the Statistical Malysis shows ¢ at we are = 48, Customey defined goals, proy he 18
We can infer that the Processeg followed areCOHSlSlem ¥ doing €qual to or berer than ¢

Capabe.
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An example to illustrate the above is a8 measure to determine the mean response time to customer
calls. If the target is 2.25 hours and statistics show that the mean response time is consistent
around 2 hours, it can be taken to reflect the ability of the customer handling process in meeting
its goals. Similarly, if the customer has defined that defect density should not exceed 0.75
defects per Function Point, and our data shows that our average Defect Density is 0.70 Defects
per FP, we can conclude that our quality assurance and control process is capable of meeting

customer needs.

d) Process Improvements and investments

Identifying changes is not enough. These should lead to process improvements. At the same
time, the costs associated with these needs to be looked at and compared with the likely benefits.
Financial indicators may of course be used but in the software environment, many other non
conventional measures like Customer satisfaction, productivity, quality, delivery time etc. may
also be locked at.

7.5.2 Use of Control Charts for Establishing Baselines
Contro! charts are strongly recommended by the SEI for analysis of the metrics data collected.

The concept of control charts was first introduced by Walter Shewhart of Bell Labs in 1924 and
further refined in his landmark book — Economic Control of Quality of Manufactured Product —
1931 [SHE-31; DAN-92]. These charts are used as a decision making device to determine if the
attribute of the product or process being measured is a cause¢ for management intervention or

not.

Tt consists of three horizontal lines — the center line is the average of the data points with the top
line representing the upper control limit (UCL) and the bottom line representing the lower
control limit (LCL). (See Fig 7.2). As long as the points fall within the control limits, we do not
question the quality of the product and believe that the process is in control. If a point falls
outside the limits we examine the reasons for this variation. If the variation is due to chance
alone (or special cause, in Deming’s words — DEM-86) we say that the process is still under
control. However, if there is an assignable cause (or common cause, as Deming put it - DEM-
86), we conclude that the process is out of control. We then decide on the actions required to

bring the process back under control.
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e

Fig. 7.2

The control chart shown in Fig 7.2 shows two points outside imi the
the ¢ - above
UCL and the other below the LCL. ontrof imitg~ one

Control charts are used for analyzing:
® Process stability
o Process capability

7.5.2.1 Process Stubility

A stable process is one that is in statistical control

~the underl " e Lalsle
‘ot : : fecying d : Sura’
characteristics are consistent over time, and the resyltg are predﬁi(ctaﬁa; istribution ot 1ts mea

Control limits can be set and if the resulis fall outside thege limits, the id to he
out of statistical control or, in other words, unstable These ‘liﬁ;t “ie process may be samU e
Control Limit and Lower Control Limit. S are generally called UP

Several norms exist for determining if the process ig unstable

Some of these are
Test 1. A single point falls outside the 3-sigma (std Deviaion) lim:
00} limiig
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Test 2: At least two out of three s I
. LA uccessive values fall on the same si F -
sigma units away from the mean e sklo ef, and £00s tan two
Test 3: At least four out of five s i

[ : uccessive values fall on the same side of]

sigma unit away from, the mean. > nd more than one

Test 4: At least eight successive values fall on the same side of the center line i.e mean

Thus to determine instability in a process control limits need to be set

’ and test
stated above applied. ests such as the ones
7.5.2.2 Process Capability

Once a process is brought under statistical cont
process may be anatyzed.

rol i.e. process is stable, the capability of the

. iral process limits method: The data reported during a period of
stability is plotted either as histograms OF as control charts and Narural Process Limits ses. SEI
recommends that these be set as +or— 3 sigma ground the mean. These are therefore the sarﬁe as

the Upper and Lower Control Limits in a period of stability.

This is done by using the Naft

¢ and adhered to by the process, the capability of the

Once these Natural process Limits are s 1
process may be measured by determining if these fail within the Specification Limits ot the limits
iness or customer needs.

imposed by the bus
that all products produced by the stable process will continue to

If it does, it is safe to assume )
or the customer and il is therefore a capable process.

meet the needs of the business
cess Limits (as explained above) fall outside the business

When one or both the Natural Pro :
specification limits, the process may be stable but s obviously not capable.

7.5.2.3 Deciding on Control Limits
s of the UCL and LCL is an important step in constructing the control
s analysis exercise.
mits are based on <he value of standard deviation c. We have seer;earlier

ecommended by SEI are the mean +/- 3o. At these

imits and the ones TCOT 4
ata points would lie inside the control limits, assuming a normal

Deciding on the value
charts during the metric

Generally, the control [i
that the Natural process !
values, 99.7% of the d

distribution for the data.
20, 95 % of the data points would lie inside the control limits while at

At val : +- ie insi
ues of ; Mean %% of the data points would lie inside the control limits.

values of: Mean +/- G, 68
These statistical rules aré used for sefting the control Jimits.
mend that the speqiﬁcation limits be kept at Mean +/- 3g

When the value of 0 is small, we recom
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As G becomes higher, we sei the specification limits at Mean +/- 2g, while if the value of 6 i
very high, we set the limits as Mean +/- ¢.

We generally set the following rules:
a) If ¢ is not greater than 10% of mean, then control limits are Mean +/- 36

b) If o is greater than 10% of mean, but not greater than 25% of mean , then control limits aré
Mean +/- 20

¢) If o is greater than 25% of mean, but not greater than 50% of mean , then control limits 8r¢
Meant/-¢ -

d) Ifois greater than 50% of mean, then control limits are Mean +/- 0.5¢

Having discussed, in this chapter, the metrics that an it s Level 4
and Level 5 and the means of setting up capabii o pation needs fo have 10 be
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Part II1

PRACTICAL IMPLEMENTATION OF THE
METHODOLOGY

Chapter 8 : Validating the Approach — Experiences from
Industry

Chapter 9 : Future Research Directions and Conclusions
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these companies, Aj these companies are primarily eng
ranging from business applications Software to Systems
software development. Some of these compani

companies as well. The n2mes of the companj
given below :

aged in software export in domans
software 1o internet and multimedie
les are prodyct development and mamtenalw:
& whose €Xperiences have been documented ar

1) HCL Pejot Systems, Delhj ang Bangalore
2) Information Technologies Indig Ltd., Dejpy
3) Hexaware, Chennaj and Mumb,j

4) Patnj Computers, Mumbaj

3) Tata Interactive Systems, Mumba;

6) HCL Technologies, Noida

. 7} RS Software, Calcutta

8) BFL Software, Bangalore

9) Oracle Systems, Bangalore

The implementagign approach fo)o e

_ - . con 8.1
To the extent that informagioy, about thepr imes? campal}les have peey, described in Section 8
these companies, we haye r ¢

ic Y
) tation g ublic

: . rted : PProach has peen, made P h
compaany. Alf informatiop, that is conﬁdpecl'ﬁC. ‘mplememaﬁon 3pproaches followed by €3°

have been reporreq Without g¢ ibuting t:.;ntlal in Nature gy 4 Ve nat been made public as ¥

“ompany B, company ¢ #1c. have beep useclany Pecific “Ompany . thus terms like company

The approach thay We have res
. \ reComm, P MM
Level 4 wyg Implementeq n the organizatio:gd,:d n Chapter 5 Namely first ISO then SEI-C
Cntioneq ab ’

hesé
Ove. As we shall see, almost all ¢
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orga{aizations first implemented 1SO and then went in for CMM.
_ISO in around 12 months time and CMM Level 4 in another 12 [l::l;):tthgft;l;;‘mt:ere;:le g
mdeef:l some instances where these time frames showed significant variationer;.nd wo have
fxalp!ned the reasons for these as well. The main reasons for these were either th: o ot
waiting for perfection” or else a serious lapse in management commitment somewh tglp .
the way. There are also insiances of companies which afler obtained 1ISO went int ere“w:ing
mode which meant that they were not making any further progress towards C‘;AaM T
experience of two of these companies have been documented in detail while for the th "
broad overview along with an analysis of the problems encountered have been given s e

8.1.1 Company A

on has around 800 employees now. It was started in late 1996 and is a joint

IT company in Delhi and a large systems integrator in the USA. Ks
on both main frames and Client Server platforms. Of

applications.

This organizati
venture between a major
focus is on business application software
late it has transitioned heavily into e-commerce
of the quality system in March 1997 and obtained IS ; i
sed for CMM Level 4 in June 1999 and for SEl Cl\g:f:\fga;u;;
n its quality journey were as follows :

It started its implementation
_ in March 1998. It was asses
February 2000. The important milestones 0

e Launch ISO 9001 and Gap Analysis, March 1997.

e Definition of processes, Maich to June 1997.

o QOrganization wide training on processes, June to July 1997

e Deployment of QMS, July 1997.

o Internal Audit 1, Sepiember 1997.

e Internal Audit 2, November 1997.

e Internal Audit 3, January 1998.

o Pre agsessment audit, February 1998.

o Internal Audit 4, March 1998.
e SO Certification audit, March 1998

Total period for ISO implementation - 12 months.

milestones on its journey from 1SO to CMM Level 4 were as fotlows :

The important
s for CMM Level 4, May 1998.

e Process Gap Analysi

o Metrics Gap Analysis, Jun® 1998.
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o Metrics process — definition, June to August 1998.

e Development of size and estimating models, June to QOctober 1998.

e Deployment of an activity recording system, June to July 1998,

o Deployment of a defects capturing system, July to August 1998.

e Development of a Metrics Management system, July to October 1998.
o Baseline Report, First round, December 1998,

e Baseline Report, Second round, February 1999,

e Baseline Report, Third round, May 1999.

e CMM Assessnient, Phase I, May 1999,

o CMM Assessment, Phase I, June 1999,

Important milestones on its journey from Level 4 to Level 5 were:

o Gap analysis for Level 5 — July 1999

e Bridge process gaps ~ Aug 1999

e Baseline report, Fourth round, Nov 1999
¢ CMM Assessment, Phase I - Jan 2000

o CMM Assessment, Phase IT — Feb 2000

Thus, the time frames for this company can be Summed up as foliows:
o Level 110 IS0 9001 :

12 months
o IS0 9001 toLevel 4 : 13 months
e LeveldtoLevel s 8 months
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8.1.2 Company B:

This organization is part of a large industrial electronics group based in Delhi. It has around 400
employees now and has beer engaged in software development for clients in UK, Korea and
Hong Kong for the past 8 years. It is now involved in product development for the Internet

business as well.

This organization started its journey towards quality fairly early in June 1994 but had not made
much progress till as late as December 1996. The reason for this was that they were waiting for
perfection to emerge from the quality system. This is a phenomena that we have cautioned
agaiast in Chapter 5 and our note of caution was primarily based on the experiences of this

company.

We were engaged by this company as an ISQ consultant in January 1997 and our first step was to
ensure that processes start to get deployed at the earliest. For this organization we believed that
too much time had already been lost and that it would be counter productive to try and fine tune
the processes even further. We were able to move this company to obtain ISO certification by

" June 1997, The significant milestones that this company encountered were :

e Start of definition of QMS, June 1994.

e Initial deployment of QMS, Octoter 1996.
e Internal Audit No. 1, December 1996.

e Re deployment of QMS, February 1997.

o Internal Audit No. 2, March 1997.

e Internal Audit No. 3, April 1997.

® Pre assessment, May 1997,
o [Internal Audit No. 4, end May 1997.

o Certification audit, June 1997.
Afier having obtained ISO, Company B made no progress towards moving on to CMM. It was

i hould stabilize first befo i
e to the management perception that system § t re moving
f::gdsd t:l‘lv{l%‘l but more importantly there was a change of management which then led to a

lowering of management commitment.

Mana mmitment was again reinforch around May - June 1999 after which the
or .ge:tr;ggt h‘:: been moving rapidly towards memwtang CMM requirements. It should be
assessed at CMM Level 4 by May 2000. The milestones from June 1999 till date has been as

follows :

e Process Gap Analysis, June 1999.
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e Metrics Gap Analysis, June 1999.

o Process documentation, modification and deployment of revised QMS, August 1999.
» Definition of metrics completed by Aupust 1999.

e Size and estimation modeling completed by October 1999,

o Deployment of a time sheet system, August 1999.

e Deployment of a defects tracking system, November 1999.

o Baseline report No. 1, December 1999,

o Baseline Report No. 2, February 2000.

It is expected that this organization will be able to do two more cycles of capabilitv baselining
before their assessment in May 2000.

. 8313 Company C

This organization based in Calcutta was started in March 1995 and focussed on softwaré
development for business applications for overseas markets. 1t had around 75 people by Janualy
1996 when it decided to go in for 1SO 9001 as a first step towards eventual

tmplementation. It obtained ISO certification by March 1997 It then decided to move of 19
CMM very quickly. However, due to a change of management representative as well as the
semor management, there was a stoppage of aclivity cn the process side for almost 2V years. I

has now started to get serious about CMM implen.entation and h
0 C
Level 4 by October 2000. Pes 1o be assessed at

8.1.4 Company D

This 1s an interesting case. It had inivally started off by plangi i aditi oule
of CMM implementation and had fixed its goal at lmypplemen!:ign[gogi,i&fgr th? [-:d:m%r:i!e‘,:::er
1997. By December 1998, it had realized that implementing CMM 1 evel ;V,e | hy wrremely
difficult. The obstacles that they faced were similar to wha; wa m—m; y wm.(l;d he L_\A e
then revised their approach and decided to move in to 1SO ﬁn;;t- ’i‘h SRR sl
1999 and hope to get CMM Level 4 by June 2000  They obtained 15O in AUEE

8.1.5 CompanyE

This organization is the Indian subsidiary of . )
(amongst the top five in the world). Th:z wasaa:ir:ci:;g«:ir:;'i bé;:e software orgamzat;?s':
given in early 1997, that software development ceptree armznd ﬂ‘i?n om world Headqua.ﬂeJ :
and above by December 1999. Therefore, there was na et e world shogld be at Lev %
move towards_ISO. They tried to implement CMMm foi ahoat 5 8 reasor} for this orgamzatmr;]e
were not making 100 much progress, then decideq L0 move mOnth§ in 1997, i_“ound that 1D z
they did by April 1998. By March 1999 they had heey towards implementing 1SO whiC

before the deadline imposed by their world headquarters sessed at CMM Leve] 4, nine months
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8.1.6 Company F

This again is an instance of an organization which is 2 subsidi izati
! : nizat ary of a very large organ
based in the US. Again there was a directive from the world headquarters tor}l’:e at8 CMh%I Lt::log
or at ISO 9000 by December 1998. They tried to implement CMM Level 2, gave up after a year

and then moved on to implementing 1SO which they were able to do by October 1998,

8.2 Metrics in Use in 2 Few Software Companies

We were also privileged to implement metrication programs in most of the companies
mentioned above (in all cases except Company F, where I went in as the certifying auditor, we
provided consultauicy all the way through till CMM Level 4 and 5). The approach that we use:d in
all these companies was in line with those defined in Chapter 7 namely, we helped them to
define core metrics as well as tertiary meirics (they were not always called by these names -
some of these companies felt that giving them items like core and tertiary would send a signal to

the software development teams that the tertiary metrics are not important).

y some of these companiss. We

We have documented, in the following pages, the metrics used b
rganizations in arriving at their

have also provided an insight into an analysis done by these o
capability baselines. Samples of reports from their baselines have also beeq given. Unless

otherwise stated, the metrics definitions are consistent with the ones we gave in Chapter 7. Again
company codes have been used to protect the confidentiality of information,

8.2.1 Company A: (same as mentioned in Section 8.2 above)
8.2.1.1 The projects were divided into the following categories. These are the buckets of data on
which analysis could be done in a consistent manner.

.
Project Type Description
Y2K Following sub-types have been defined based on scope and usage of
tools
_:a’_l Impact assessment + Renovgtion ]
Y2M Impact assessment + Rgnovation + Unit testing, Manual
Y2T Impact assessment + Renovation + Unit testing; Tool bas od
Y3M Impact assessment, Manual
Y3T Impact assessment; Tool based
ﬁT System testing
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[—Client Server Developmeny Projects in C/S environmen
- E—————____ — . —
. . ware
Migration Migration of Programe  fam  one hardware and/or soft
environment to another =
o — " O3tther o e N
Object Oriented Development projecis in Q0O environment

System Software Scope is restncied to whgng . o ' o
———— e ————————— " — e &
Mainframe Development Developmen PIojects in

et <
— e —— e —— -

” 1 ot
® Schedule varignce — only the varance between (he Betual and the 1y revised plan was 13h¢
This 1s theretore, equivalent 1o the SVB that . defined |n Chapter 7

* Effort variagce — again same a¢ above

® Defect density.

¢ Weighted Defegs density - The Weights useg for the <py ., ity of the de fects were — 7 for fatals.
3 for major and 1 for miny, This thys 8ave more Importance 10 the most severe defect
rather than treating all of thep, the same way.

® Productivity.
© Review eﬁ‘ectiveness.

® Phase wige distribution of efforrg,

® Phase wige dlstributlon of defects

¢ Percentage of efforts speny On projecs 1)

NN compared 10 the total eftor for the project
) Percentage ofeffons spent on Project Uackmg wmpa:ed o the total effon for the project
“ Pcrccmage of the effors spen for

) . the
project group €0-ordinatiny, “Ompared to the tora) effort for

®* Reviews

®  Technica)

(Projecy hife cyele Phases)

" The doﬁnmc;n-s-u-v : o
ne "4 Werg Generay it
Iherm exp) ni Y Consigiany
Plicitly Gniy i the stances whey, tht;y afzuuhﬂ;gfes; :vrz de';ined ) Chapter 7. we paye defined
M those v
1

® provideq i Chapter 7.



In addition the following metrics from the following areas were also analyzed :

Training

Facilities management

¢ Customer feedback

The analysis from the training area have been included in the attached Exhibit 1 as well.

8.2.1.3 Analysis of the data to arrive at capability baselines

82131 Methodology followed in each round of baselining were :

® Collate the metrics data from all on going projects as well as closed projects.

Compute the mean and standard deviation for each of the metrics identified in 8.3.1 2.

Establish the baseline and control limits for each project category as follows -

- Baseline = Mean
"~ Control limits = Mean +/- n(S.D.), where n is taken as 3 if S.D. is less than 10% of
mean, else n is taken as 1.

In some cases, senior management may set control limits as targets. This is especially true for
effort variance and schedule variance.
Plot all data points (those excluded also) elong with the baseline and controt limits, for each
of the above metrics in each project category.
For data points lying outside the control limits, the concerned Project Managers investigate
and document the causes of variance.
For the phase wise distribution, the average numbers are computed which then become the
norm used for estimation and .racking purposes.

8.2.1.3.2 Results from Co. 4
Baseline and control limits are attached as Exhibic 1. The analysis has been pictori ally

represented in the form of charts, sample of some of them are also enclosed in Exhibit

1.

822 Company G

8.2.2.1 The projects
these are the buckets

were divided into the following categories. Like in the case of Company A,
of data on which analysis could be done in a consistent manner. -

’
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Project Type

. in the client
N <. . t projects in
Organization is executing de\felopmeﬂ . Pro
Development ;re}:-l:er afea. All the Projects are business applications. ]
T i ort for mainframe
. These are found the ¢lgck (24x7) Production supp as well &
Maintenance applications The Project team handjes change requests

. erfective
bug fixes - thus, both Corrective faiatenance as well as p
maintenance Is involyed. RS

Testing

Th . n » » d results.
test caseg and test scripts, executes tests ang logs the test ]
m These are Projects where t
0

» hile

: jonality W
here is no change in functions
r migrating t

hard
0 a different software or

® Project Management:

~  Schedyje Variance :

Q Actual vg Origina| estimate

O Actua} VS. reviseqd estimate
— Effort va.riance:

Q Actua VS. origing} stimate

Q Actua) VS, Tevised €stimate

- Size Variance -
O Actual VS. originaj Cstimate

m] Actug] V3. revised Estimate
- Productivity

Effort Spent oy Projeet Planm‘ng

*The definitions used

T -4 Were generall Cons; . e defin
them 8xplicity only in the instanges \{vhen zﬁzn;;:'::}é;’f::t ?re di{:ned In Chapter 7, We hav
Om those

r7.
145 We provided in Chapte



Effort spent on Project Tracking and oversight

Average turnaround time per Change Request (for maintenance projects)

Quality Control

Effort spent on Reviews
Effort spent on Testing
Defect density

Defect age

Defect rate

Defect distribution by phases
Quality Assurance

Effort spent on OPF activities
Effort spent on OPD activities

Effort spent on SQA activities

Effort spent on Process data base activities

No. of Non conformances per process

Mean time to fix a NC

Configuration Management
Effort spent on CM activities

No. of Configurable Items

Training and Development
Training service level

Course quality

Faculty effectiveness

8.2.2.3 Analysis Of The Data To Arrive At Capability Baselines.

8.2.2.3.1 Methodology followed in each round of baselining voere :

e C(Collate

the metrics data from all on going projects as well as closed projects.
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metrié®
"€ a0d copqpyy limits, for egen of the above

yin tside the Contro] limits, the o
and document the Canseg of'variance_

- vestight®
iCemned Project Managers inv

the
become
av °1S are “Omputed which then
8 Purpoges

'ctoﬁaw
o . ;
as ' 2. The sis has been p
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Project Type Description

Development — Business | This company is engaged in the development of client server
applications based business applications

Development— Systems SW | These are development projects in the area of systems software

Development — Lotus Notes | Development projects in Lotus Notes

Maintenance All projects are in the client server environment

Migration / Conversion

Migration of programs from one hardware and/or software
environment to another

8.2.3.2 The metrics defined’ in this organization are given below.

As can be seen, many of these were the same as in the two earlier companies. Some metrics were
redefined, which have been explained below.

e Project Management:

—

Schedule slippage :

O Actual vs. original estimate
0O Actual vs. revised estimate
Effort slippage —

a Actual vs. original estimate

O Actual vs. revised estimate
Changes to size estimate = Revised estimated size / Initial estimate

Productivity

Project management effort overrun
= (Actual PM effort - Planned PM effort) / Planned PM effort

e Defect Metrics:

Defect density

_____.-___________._..——-—-—'_-_-_"'""_- . .
4 - were generally consistent mlh those we defined in Chapier 7. We have defined
The definiions used sglances when they are different from those we provided in Chapter 7.

them explicitly only in the in 148




_  Weighted defect density

- Defect age

1ill the Acceptance lesting stage only)

I

Effort spent for reviews
Project related other metrics:

~ Requirement stability index

. , ofeciS is
Defect removal efficiency (the cut off time for computing the total number of def

Testing effort productivity = Total no. of defects found in testing
Effort spent for testing

Review effort productivity = Total no. of defects found in reviews

- Requirement coverage metric (Functionality Metric) = No. of requirements met

~ Average no. of Cls

- Mean time to respond to a CR / Query / Problem

=~ Mean Time to repair
Software Quality Assurance
— Effort spent on SQA activities

Effort spent on Process data base activities

No. of Non conformances per project

Project wisé repeated NCs profile
= No. of findings that are repe

. Zepeatedly happening
No. of weighted findings in .

roject
Software Sup_port Metrics prel

- Training Execution effectiveness

= No. of training conducted
No. of training planned

— Training effectiveness

. — Meantime to repair

149
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8.2.3.3 Analysis Of The Data To Arrive At Capability Baselines.

8.2.3.3.1 Methodology followed in each round of baselining were :

e Collate the metrics data from all on going projects as well as closed projects.
* Compute the mean and standard deviation for each of the metrics identified.
® Establish the baseline and control limits for each project category as follows :

~ Capability Baseline = Mean of past performance

The rules for control limits that this company used were the same as we gave in Chapter 7, viz.

a) If ¢ is not greater than 10% of mean, then control limits are Mean +/- 3

b) If ¢ is greater than 10% of mean, but not greater than 25% of mean ,then control limits are
Mean +/- 20

c) If o is greater than 25% of mean, but not greater than 50% of ruean , then control limits are
Mean +/- ¢

d} If o is greater than 50% of mean, then control limits are Mean +/- 0.5¢

e For schedule and effort variance, the target driven limits set by senior management were as
follows:

- SVA=0+-10%.
- SVB=0+/-3%

-~ EVA=0+-15%

EVB=01/~5%
e following metrics from the following areas were also analyzed :

In addition th
® Training
® Facilities management

® Customer feedback

Th lvsis from the training area have been included in the attached Exliibit 1 as well.
¢ analysis fro
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8.3.3.3 Analysis of the datq to arrive at capability baselines.

8.333.1 Methodology followed in each round of baselining were :

83332 sul

Collate the metrics data from all on going projects as well as closed projects.
Compute the mean and standard deviation for each of the metrics identified in 8.3.1.2.

Establish the baseline and control limits for each project category as follows :

—~ Baseline = Mean

Control limits = Mean +/- n(8.D.), where n is taken as 3 if S.D. is less than 10% of medh
else nis taken as 1.

In some cases, senior management may set control limits as targets. This is especially tri® for
effort variance and schedule variance.

Plot all data points (those excluded also) along with the basel; limits, for &8¢!
of the above metrics in each project category. g baseline and control limits,
For data points lying outside the control Yimirs . : avestighl®
and document the causes of variance, » the concerned Project Managers 11

For the phase wise distributio

n, the average ny
norm used for estimation and 88 numb

e
er . b me th
tracking purposes, S are computed which then beco
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. CHAPTER9
FUTU H D CTION NCLUSIONS

In this thesis we have seen that the approach of first implementing I i

CMM is the more effective approach even from a thl;oretical &eiopo?ﬁ? ta?: It?:;tnsge: .~
Chapter 4 that implementing Level 2 by itself has got small tn medium gized projects %hlin
approach was appropriate for organizations with very large projects who could then insm:e tl:mas
the facilities required for providing training, quality assurance etc are all available within tht
project. Implementation of ISO first on the other hand does not suffer from these problems )

This approach is also being backed up by empirical data from Indian indust
ppr also where
organizations which implement ISO first and then move on to CMM are alt?le to do‘:z ?nn?nﬂ]:l:

shorter time frames than if they had to traverse the CMM traditional route.

We believe that future areas of research should focus on the development of an int
. which captures the strong points of CMM as well as ISO. ntegrated model

If we were to analyze further the approach that we have suggested we would com i

. “ - e
question of “Why choose I1SO to solve the implementation bottlenecks that we hav:pi;::::ilﬁq;:
wllel", 1qstead why not look at developing a model where there is an intermediate level which
organizations can hope to achieve quickly ard then have them move to CMM Level 4 from

there?”

The answer to the above question points to ihe future research directions that we hope can be
undertaken. We think there is need for an integrated model which will have the following

building blocks :

a) Foundation Level

b) Level 3 - Deﬁnéd Level
c) Level 4 - Managed Level

d) Level 5 - Optimizing Level
In this mode], the need for Level 2 is then dispensed with and is being replaced by a level called
Foundation Level. This level should have the following KPAs :

a) Organization Process Definitions
b) Training
¢) Requirements Management

d) Project Planning

e) Project Tracking and Oversight
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f) Software Configuration Management
g) Software Quality Assurance

h) Sub-contract Management

Please note that the reasons for moving the OPD KPA to the Foundation Level is that the
organization stasts 1o define the pracesses (by taking an organization wide view) right from the

beginning. They could look at the best practices across the projects and define approprist¢
processes which meet the organizational needs.

Technically speaking, however, the OPF KPA may not even be required since opD will
necessitate the OPF practices to be present. Also the need for a process data base would b
modified by stipulating that the process documents itself should be available centrally within the
organization — however, the metrics data base should be g practice required only at Level 3.

We have kept the training KPA at the Foundation Level because this function is extreme!y
important to implement all the other KPAs.

It will also mean that the KPAs at Level 3 would be drasticall dation
) Ve runed and that the Foun
;,evel is really ar. amalgam of the existing Level 2 KPAs and s);rl:le ?mpomm elements of L&V

The model may then be pictorially represented as follows -

Level 5

_ /

Level 4

—

Foundation Leyey

—
S ]

Level 1

Figg 1
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As can be seen from above, an implementation strategy may well be that an organization having
reached the Foundation Level moves on directly to the Managed Level — Level 4 instead of
waiting for a while at Level 3 and then moving on to Level 4.

We also visualize that the key practices at the Foundation Level would not be the same as given
for the respective KPAs in the CMM. Organizations tend to have a lot of difficulty in
implementing the practices given in the measurement and analysis common feature. One would
visualize that the core metrics that we identified in Chapter 7 be built in as part of the key
practices in the project planning, project tracking and SQA KPAs so that organizations can
quickly bring about a process culture in all they do.

The practices given in Level 3 would also be modified sine many of them would already have
been followed at the Foundation Level. This specifically includes the practices linked to the
development of the process data and tailoring guidelines which would then be included in some
other KPA (since OPD has been moved to the Foundation Level).

A fzllout of this model would be that an organization could be very flexible on its certification
approach. It would always implement Foundation Level regardless of the model ultimately
chosen. Having achieved Foundation Level, it could then decide to go in for ISO 9001 with
minor modification to its processes or choose to go on to CMM directly. This would be useful to
consider because bringing about changes to the certification standard and the quality models like
1SO and CMM is difficult and time consuming (which is as it should be). Therefore, without
contemplating any formal changes to the CMM or the ISO, an organization could always aim to
reach the Foundation Level first and then move on to a model of its choice.

This may be pictorially represented as follows :

L4

IS0 L3
Foundation Level

ol

now

Option B

Fig 9.2
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As can be seen from above, an organization reaches the Foundation Level after which it is a short
step away from either 1SO 9001 or CMM Level 3. If it wishes it can go in for Level 4 durectly
instead of going in for Level 3.

CONCLUSIONS

In this thesis, we have seen that the traditional approach of implementing CMM leads 1
inordinate delays in attaining higher maturity levels. This is borne out by the experiences of 8
large number of cqmpanies all over the world which have reported their experiences and which
we have described in this thesis. On the other hand, organizations in India have followed the path
of ISO first and then CMM. This had led to much shorter time frames for implementation &"

has been among the major reasons for the Indian software ind i large
i ust for such 8
proportion of the CMM Level 4 and Level 5 organizations in the wrgﬂ“::countmg

Annexures 11 and 12 provide the latest list of compani 4 and
. i panies that have b for level 4 &
5inthe wqud and‘ in qula. Annexure 11 i a list brought out by I‘:IASeSeg(;‘s}ss{? slsnec‘ljiao jving deta! §
of all quality certifications obtained by 1 8

3, ’ ndian companies. ‘e a li t
SEI giving the list of all CMM Level 4 and § compair)tiese:s :;'n Fn:grezégols 8 fist brove?

Based on this empirical evidence and critical i

analys
CMM we have come to the conclusion hat 1ISQ ﬁrzt lt;:: Ehe
valuable approach. We strongly recommend that even if
should focus on achieving ISO fizst and then moving on 1o,

implementation approach " ’h;
MM is the most cost effective &%
organization does not need an SO
CMM.

program then achieves is that although there ; ir business objectives. All that the et
effectively since it-was never aligned with the sl

Subsequently, we have provide core business processes of the organizatto?
: . - prov €xperien .
followed by € organizations have beeq desc:sﬂb‘:g“‘:’;!le industry. The implementation appr
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Annexure 1

PROFILE OF A CMM ORGANIZATION

The typical organization profiled in the CMM is involved in developing large projects consisting
of both hardware and software components. The customer gets a complete system from such an
organization which meet both his needs. An explanation of the terms used in thé CMM, when
viewed from this perspective, is given below. These terms help us to understand the nature of
organization that the SEI assumed when developing the CMM. It is important to remember that -
these terms are generally consistent with MiL [MIL-STD) and IEEE [IEEE - 610] standards.

1. System: This is defined as a collection of components organized to accomplish a
specific function or set of functions. Thus a system may consist of hardware, software and other
components. Thus an on board command and control system in a Naval ship is a system which
consists of hardware like radar, A/D copverters, display terminals etc. and software which can

.analyze input data.

2 Allocated reguirements: The system defined earlier would have system
requirements which are the requirements that the customer has from the “big black box”, A

system team then decides on the parts of the system requirements to be met by hardware and the
parts to be met by software. The system requirements to be met by software are called “allocated

requirements”.
In a typical software house, the “allpcated requirements” are equivalent to the user needs i.e. the

inputs to the software project.

3. stem Engingeri ) Engingeri X The System

Engineering Group is the team responsible for specifying and allocating requirements to
hardware and software. This is the team referred to in pt. 2 above. The Software Engineering

the other hand, is the team that is responsible for software development and

Group, on
maintenance. In other words, this is the project team in 8 software house.

) fware Engineering Pr This is the group that facilitates
development, maintenance and improvement of software processes organization wide.

Al-l



5. &nw This is an organization level manager who is responsible for
multiple projects or department or a function. In the CMM, the senior management provide
leadership and resources.

6.  ProjectManager:  This person is responsible for project at system level while the
project software manager is responsible for software project.

7. First line software manager: This is the person akin to senior management for the
software organization. This person has management responsibility for software project teams,
support teams, department or the organizational unit

The organizational structure given above can be depicted as below:

Sen}or Management
First tine SW Project Manager
Manager
SW Proj
Mor ject HW Project Mgy,
SW refated groups i SW Engg. Group ‘\

Al2
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1.3

Assessment of Quality Management Sysiem CyberQ Consulting Pvt, Lid,
1.0 Executive Summary
11 Assessment of Current situation

There are well documented processes for most of the business processes relevant to ISO 9001
and CMM Level 3. However, there are move thaa one documented processes in existeace in

the organization and the implemeaaiations are not consistent as far as the Caleutta office is
coaserned. In contrast, the Mumbai office follows well documenied procedures In most of the

processes.
Some of the projects work on the basis of industry experience and “best practices” approach,
There is lintle documented process. In some of the UAL projecis the documentation standards

as specificd by the customer are used.
The molivation and management commitmens necessary to achieve ISO 9001 and CMM
Level 3 exist in great measuse., -

Primary responsibility center for the deployment of a quality system exisis,
Intrastructure and work culture are coaducive 1o process improvement measures.

Certification / Assessment Milestones

.....‘..

The core processes 1o be documented by March 24, 2000.

The guidelines and standards aze to be writien by May 31, 2000,

Internal quality audit would start by Aprii 10, 2000.

Selection of certifying agency 1o be done by April 17, 2000,
Pre-Assessment Audit for ISO 9001 1o be dons by June 30, 2000,
Centification Audis for ISO 9001 10 be dong by July 31, 2000,

Phase | Assessment for CMM Level 3 10 be completed by September 22, 2090,
Phase IT Assessment for CMM Level 3 10 be completed by Novembes 20, 2000,

Key immediate actions

Prepare Project 1SO 5001 & CMM Level 3 Plan.

Identify QA Manager for Calcutia office. ‘

Set up Management Review comminee. Easirs that management review 1akes place af least -

once every forinight startiog March 15, 2000, -

Review documented processes prepared by CyberQ and deploy them as soon as possible.
Standards and Guidelines as may be required and desired and deploy them before

Prepare
May 31, 2000




Assessment of Quality Mamsgement System CyberQ Consulting Pvt. Lid.

3.0
31

3.2

Quality System Assessment for 1ISO 9601
Baais for Assessment
The CYBERQ consulin assessed the current Process docwmnentation and the matusity and

consisicncy of the mplemenied processes and process awareness by interviewing key pecsons al

and caquinag about curment procedures and standards. The current situanon was
compared against the requirements of 1SO 9001,

IS0 3001 Clause wisc assessmeas
This section contains the assessment of the currens Shaton watl respeet 1o 1SO 9001, Under each

fequircmeis, o “Documentation Rauog” as well us aa " [mplcmeniation Raiing” on & 1-5 scale has
been given.

Decumenttion Raung relates 1o the cxistence of decumented policics, procedures and standards.
lmmplementation Rating relaies 10 (he consisiency of practiced procedures, documented or
undocumeated. beeds to score at least 3 on all requirerments 1o be ready for FSO 9001

3.2.1 Management Responsibility (Clause 4.1 of 1SO 9001)

Current Situation

» A Quality Polizy docs nop eXist yet,
¢ The Organizanon structure, role zng responsibilities ar,

: the organization hys a6 o
Represcntatve for Quality, RS umed the role of (he Mauageme:
Mumbai offices have bccti -goz‘n?c&mm for Quuity Assuranc: for Culouna and the

Documenation rating 1 ona scale of 1-§

Implemeatation rating  1Song Scale of -5

3.2.2 Quality System (Clause 4,2 of 1SQ 30a1)

Current Sitvatigg

o Ql-l81§t3‘ Mﬂ.nua.l has 0ot been cro.
*  Quality system Proced

procedures and gidelinas auic *%°0 implemented ig b parts. Some
has been done well in SDmeev:‘.ihf?r i"!"v"i‘-"-' <ey cloprugny Yle CJ’C;:: b::f andhn léj:nmu%
Mumba; office - Projects, o, s P e

» and ; * Sululy i 1 ab : 1 L
¢ Quality planain ln other PIOJCCIS ey aze o <1y 16 U projects being carticd oul

ihplemenjed
*  lniemal qualiry audit has g been done

Documenlalion Tating 2ona Scale of 1.5

lmplemcmaﬁou Taling 250n, scale of |
ol [.§

s

‘%\\
24P Angly 501 \\\s______——-——"



A-sscssmcm" . .onuﬁl_in Management System CyberQ Consulting Pvt. Ltd.

3.2.3 Contract Review (Clause 4.3 of ISO 5001)

Current Situation
¢  Documented process for proposal making and reviewing coatracts exist. Not being dane
formally, although informel reviews do wake place before wking 02 a project, ¢ '

" Documentationrating 2 ona scale of 1-5

Implementation rating 2 on a scale of 15
3.2.4 Desiga Control (Clause 4.4 of 1SO 9001)

Current Situation
o Documenied Project Planning process exists, but has not been followed consisteatly,

However, gengrally good practices are followed.
s Defined Jor requirement analysis and sysiem designs exist. However, they bave not

been nniformly P

A defined procsss for coding exists. Coding standards were written but they are not
implemeated consistently.

e A process for conducting design verification ang validation exists, although it is nog
implemented coasisieatly.

Documeatatios rating 3 ana scale of 1-5

.

Implementatiop rating 2 od a scale of 1-5
3.2,5 Document and Data Control (Clause 4.5 of IS0 9001)

Current Sinaation
Version Centrol procedures are not documented.
A process for Configuration Management on documents exists,
CM Plan is made in some projects but is not being followed coasistently.

Documentation control sysiem is defined byt not implerneated.
3 on a scale of 25

*® o 0 o

Documentation raling

Implementation rating 2 ona scale of 1-5

3.2.6 Purchasing (Clause 4.6 of 1S0 9001)

Current Situation .
o  Procedures aré defined and documenied. Implementation is done,
o  Approved vendors' list exisis.

Documentation rating 4084 scale of 1-5

Implemeniaionraling 4 op & scale of 1-5

. . +-'Gap Analysis/01
A2-3



Assessmeat of Quality Management Sysiem CyberQ Consulting Pvt. Lid.

3.2.7 Coatro} of Customer Supplied Product (Crause 4.7 of 150 9001)

Curreai Situauon

o Procedurcs exist. The respective project / process group keeps custody of customicr supplied
product in some cases and keeps rack of the same, However, the process is not uniformly
implemented,

Dociimantataon rating Jonascale of 1-5

Implemenlalion ranag 2 onascale of 1-5
3.2.8 Product ldentification and Traceability (Clanse 4.8 of 1SO 9001)

Cwrrent Sttuation

o Proccdwes exsst However, though the meinbers kecp contol eliecuvely tiroush expanivaes
204 adopuan of best pracuces, the procedwics ase ot consistenlly mplemented.
¢ CM plan and a configuration regisicr cxist in some cases,

Documentatior raling Jonascale of 1-5

Implementation raung 2 ona scale of 1-5

3.2.9 Process Control  (Clause 4.9 of 1SO 3001)
Current Situation

»  Project/ proccss groups follow good life cycle procescces e A
However, the tmplemeniation is oot always corsisient Docuincnied processes also €

at.
»  Criveria for workmanship exisis 1o the form of g
documeatation required elc. progrunming slandards, samples of

o The Facditics Management Group maintains  list of hardw ot o
preventive mainiesance. Backups are being muaj ) of E‘dwuc and software and wakes €
¢ A disasier recovery plan exist,

Docuinentation raling 3 onascale of 1-5

Implemnentation rating 3 on a scale of 1.5

3.2.0 Lospection and Testing (Clause 4.10 of 1SO 9(q 1

Current Sination

¢ Documented procedust for ludepende
not being followed CoLaintly.

Documemation rating 4 on a scale of 1.5
lmplesncutsuon tatyy 200, Sale uf | -5
AGap Alysisl o




Asmmcm of Quality Managemeat Sysiem CyberQ Consulting Pvt, Lid,
$.0 Roa¢ Map
5.1 Activity Ser-1: Top Management Respoasibilities
SL. Activity S CYBERQ Date of
No. - Responsibilities _Responsibilities Completion
1. Formally Issue the formal -~ January 03
. appoinj the Jenter and 2000 '
Management aanounce
Representative
(MR) for
Quality
2 Set up the Identify members, — February 2
Management sel up meeting 2000 .
Review dates
Commitiee for
reviewof
implementation
of the Quality
System
3 Appoint QA Issue she formal - Febmary
Manager leter and 2060 % :
announce .
4 Hold MR will prepare -_— Every fortni
Management an agenda and & frofg J«farch“?'ln
Review progress report for 15% 2000
Commiee this meeting.
meetings All members 10
atiend this
meeting,
52 Activity Set-2; Definition and Implementation of the Quality System
SL, ! Activity e | CYBERQ Date of
No. Responsibilities Responsibilities Completion
1 ( Document Group Review, release | Documeatatioa, February 29,
1 # : - and e review and hand 2000
implementation overto .
2 Document Group | Review, release Won, March 24, 2000
2# and review and band
implementaticn cverio
3 Document Group Documentation, e May 31, 2000
. 3# review angd
, Iclease
7 Deploy Quality Lplement (use) Support, where March 24, 2000
system the documented necessary (Start using each
’ procedures of the document as
QS _ soon as it is
. teleased.)
3 Provide Training |  Orgadize Conduct the first |~ March 31, 2000,
1o employces 00 periodic trainin rounds of To be continued
- uGap Analysis/0} - :



Assessment of Quality Management System

CyberQ Consulting Pvt. Ltd.

lb¢ documented to cover each {raining in thereafter by
Quality System employee Calcuna and - cosaspd
Mumnbai need. —
6 Provide Organizg for Provide training April 20, 2000
Supponing supporting as planned
ning lnicg
especially
intermnal audits ——
# The Docwmeat Groups have ocen listed in Appendix A
5.3 Activity Sci-3; Internal Quality System Audit
SL. Activity ' CYBERQ Daic of Stast
No. Responsibilities Responsibilities 2
1 15t Internal Audit Perform Luermal Perform lead April 10-11,
of the Quality Audit audit 2000 for
System Calcuna; April
20, 2000 for
Muambai -
2 2nd Iniernal Perform Infernal Perfonm lead May 22-23, 2000
Audit of the Audi audit for Calcus;
Quality Sysiem May 28, 2000 for
3 3rd Internal Perform Internat P Mumby 000
e’ orm inte erform lead 10-11,2
Audit of the Audit audi for Calcuss
Quality System 12-13, 2000 for
Mumhat
Facilitation Audils services will be November, 2000
provided as lcad
audiiors
P—
5.4 Activity Set-$: External Audit of the Quality System for 1SQ 9001 Certification
SL, AC‘W'“)' C_‘;-B"E’ﬁb
l;fo. . Responsibilities Responsibilities gﬁ:c]; :;,u‘ug _
Appointment of Decide upon ihe Sy 3! —
Certificatio Rt pport, Apnil 17, 2000
cation Cenification coordinate, 3nd
Agency Agency and advise
formally enter
into agreement
5 e with themn
IG-. ssment Organjzc and e e ap—
Audit prepare for the fﬁfﬁﬁﬁ’m and June 21-30, 2000
Prc-:_ksscssmcm advise (bci:orc
3 Ceruficauon Audi : ——and after)
- Organize and Suone e
Audit prepare for the pport, Tuly 20 = 31 for
. " CO0T d.].l'la[e' and and
Ccmﬁcauon advise Calcuua .
audit :_(bcjg e) Mnbai e

~Gap Analysis/0}

-




Annexure 3
Sample pages of Quality Manual

Ouality Manual

6.0 Management Responsibility

This section describes the means by which the Company acknowledges its
responsibility for Quality Policy, the definition and aliocation of individual
management responsibiliies, the nomination of a management
representative and the operation of a system review by Company

management.

6.1 Quality Policy

6.1.1 The Policy statement contained in this manual shall define the
Company's objectives and commitment to Quality (Section 3.0). It
will be relevant 10 the Companys goals and its customer

requirements.

6.1.2 Copies of the Policy Statement shall be prominently displayed
throughout the Company premises.

6.2 Organisation

6.2.1 Responsibility and Authority

6.2.1.1 The organcgram showing functional relationships and
areas of authority, shall be found in Appendix C aof this
manual. Defined authority shail be found in the relevant

procedure manual.

62 1.2Job descriptions. for ali members are held within the
‘Companry and include the following details:
Job details - title, grade
Accountable to
Liaises with
Principle responsibilities/duties
Responsibilities relating to the Quality System

*

6.2.1.3All process owners shall have the authority and
responsibility to define the job responsibilities of
employees who report to them. The input-output throws
to and from different processes shall be elaborated in the

various procedure manuals,
6.2.1.4.Jdb descriptions of senior managers and all process

owners who control, perform and verify work affecting
quality are contained in Appendix E of this manuai.

A3-1
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6.2.2 Resources

6.2.2.1Adequate and appropnate resources shall be ideanleg‘
and provided so as to ensure that the specifie
requirements can be met and maintained.

6.2.2.2In the unforeseen absence of any employée with
designated responsivility and authority, responsibility and
authority is designated upwards as per the organogram
for re-delegation,

6.2.2.3The Chief Executive Officer shall nominate by
memorandum the person 1o  assume ris/hel
responsibilities and authorities in his/her absence.

6.2.3 Management Representative

6.2.3.1The Vice President - Resources is ncminated by the

Company as Management Representative for the Quahty
Management System and irespective of OWNEf
responsibilities.

y ©.2.4 The various elements which define the organisation of the quality
process are iflustrated as follows :

Appendix B - Process Architecture of

Appendix C- Organogram of

Appendix D - The Responsibility Matrix : ISO 9001 Process Vs
Process owner

Appendix E - Job Descriptions of Process Owners

6.3 Managament Review
|
8.3.1 The Quality Management System shall be reviewed regularly PY

a8 core committee called Management Review Group. which
consists of all process owners as member,

6.3.2 The purpose of the review shall be 10 assess the effectiveness of

the system and to determine whether any changes in proceduré.
metnod of philasepny are consicereg nt

‘miGered neces gel cure
and future needs safy to mee

This reters 10180 9001 Clause ¢ 1 and 18O 9000-3 Clause 4 1
- JLST §



Quality Manual

7.0

The Quality System

This section outlines the way in which the Company’s Quality Management
System is identified, documented and maintained.

7.1

7.2

7.3

.
& & 0 9 o o

The Quality System is documented in three levels. The Quality

Management Representative shall be responsible for issue and
control of Levels 1 & 2 Levei 3 will be controlled by the appropriate

Process Owner.

1- Quality Manua! that describes the Company's approach to

Level
the requirements of SO S001.

Level 2- Quality Procedure Manuals that detaill the activities
considered to ensure conformance to the specified

requirements.

3- Quality Plans relating to specific contracts, products or
procaesses, giving precise details an how work is ¢ be

carried out.

Level

A list of Quality Procedure Manuals (Appendix H) shall be maintained
by the Quality Management Representative.

The Quality Plans will include as appropriate :

Process owner associated with the element
Details of: controls,” processes, equipment, skills and other
i

resources. )
Process owner associated with the element
Entry criteria for associated processas!half-proc:esses

The path associated
The verification procedures invoived
The exit critena

“The 1SO 9001 reference
Quality records to be established and maintained

[ 4

This refers to 1SO 9001 Clause 4.2 and ISO 9000-3 Clause 4.2 & 5.5
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8.0

9.0

Contract Review

Each contract, before signing, shail be reviewed to ensure the following

adequacy of requirement definition and their documentation .
requirement which differs from the original tender / RSD af
addressed properly '

the “if applicable" clauses in the tender / RSD are addressed
properly

process capability to meet contractual obligation is generated
procedure for direct and official channel of communication between
the customer and quality process owner is avallable on quaiy
issues -

complete and unambiguous transformation of customer needs t©
customer's functional requirement f
fequirements will include among other things, specification o

performance, safety and privacy criteria, which will in turn faciilaté
acceptance testing

the purchaser's requirement
cooperation with the customer,
commen terminology is used

interfaces between the software roducts a her software !
hardware are fully and Clearly specif?ad nd o

the contract document and the custo . .nacification
has come under Doc mer's requirement sp .

ument Contro iquration
management Process. | System and Config

specification is developed in 0%
whose responsibility is also fixed

This refers to lSO 9001 Clause 4.3 and ISO 3003 Clause 4.2.
Reference :

1. Contract Review Manuyaj \

~4

2. Software Requirements Spe&in?;M’CTchz)

tion Manual (0 /Q/MISRS/C2)

Analysis ang Design

There are well documented procedure§ to ensure that

® o & »

the customer's requirement Specifi

the projct is managed ag per our":a“Pn is verified and validated



Quality Manual

o baseline items are managed properly as change requests come in
during the progress of the project.

This refers to 1SO 8001 Clause 4.4 and ISO 9000-3 Clause 5.4 and 5.5 .

Reference :

Sn bW Na

Project Management Manual (( . ‘Q/M/PJMG/C1)

Structured Systems Analysis and Design Guideline

(* .- LQIMISSADICY) ' .
Object Oriented Analysis and Design Guideline (3%~ Q/M/QOADIC 1)
Software Verification Validation and Testing Guideline

(7 JQIMISVVTIC)

Configuration Management Manuat (:.. Q/MW/CNMG/C1)
Reengineering Guideline (. JQ/M/RE/C1)
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10.0

11.0

Document Control

. al
There are well established praceduras to control - and manag“'“ac]
documents which are used or referred during any project from cof
through planning to execution.

The document contrel system ensures that

a.

b.

c.

d.

pertinent documents are available as and when required to persons
authorised to use them.

no confusion or other problems arise due to circulation of obsoleté
documents.

all document production/changes are properly reviewed and -
authorised prior to release.

a master list of documents is maintained.

¢

The documentation standards give guidelines for preparing documents.

This refers to 1SO 9001 Clause 4.5 and 1SO 9000-3 Clause 6.2.

Reference ;

1.

2

Documentation Standard (° >+ 'QISIDSTICY)
. Document Controt System Manua| # IQIMIDCSICY)

Purchase

There are well (aid down p}t;cedure (chase?
i Stoens uren?
products 10 specified requirements. e conformance of
i
+ Sub-contractors shali be

e (4]
selected o - i« apifity !
meet sub-contractual fequirements e basis of ther

» Purchasing documents sh i "
_ all ipli e
+ product or service required, “URN A claar gescripiion ©

ﬁ: purchasing activities are eqularly reviewad
ec ' : '
ustomer can verify the Quality of the praducts at the s0urcé:

This refers to ISO 9001 Clause 4.6 and 1SO 9000

3 Clause 6.7.
Reference :. - e

1. Purchasing Manual \ "’Q’WPURCH/C‘z)
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12.0 Purchaser Supplied Product

There are procedures 1o ensure that

software.'hardware supplied by the customer are proper!y analysed,

such products are validated.

such products are stored properly.

security and other aspects are taken care of.

any non-conformity or defect is promptly recorded, brought to the
notice of the customer and issues arising thereof are resolved.

® ¢ o 3 @

This refers to 1ISO 9001 Clause 4.7 and ISQ 9000-3 Clause 6.8.

Reference :

1. Software Verification Validation and Testing Guideline

(e ...iM!SVVTICU
2. Project Management Manual \. ‘QIM/PJMG!CU
3. Configuration Management Manual - QIMICNMG/C 1)

13.0 Product ldentification and Traceability

There are procedures to ensure identification and traceability of all our
products throughout the software development {ife cycle and beyond.

The details of the procedure are documented in the Conflguranon
Management Manual , Software Verification Validation and Testing

Guideline and the Document Contral System Manual.

This refers to ISO 9001 Clause 4.8 and (SO 9000 3 Clause 6.1.

Reference
Software Verification Validation and Testing Guidelines

. JQIMISWTICY) |
Configuration Management Manual JQ/MICNMGIC 1)

2. i
3. Document Control System Manual {* -../Q/M/DCS/C1)

1.
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Sampie Audit Programs
Date : Aug 19, 1997
Time Project/Function Auditee Auditors
09:30 -10:00 AM | Opening Meeting All Project Managers and
Functional Heads should be
present
10:00 - 10:30 AM | Auditors briefing
10:30- 1:00 PM Document Review AS RN, P§, CM, VP
02:00 - 04:00 PM 1 ALCOA A. Ghosh | RN, PS, CM, VB
04:00 - 06:00 PM__{ VDU Plus GO CM, VP
.| 64:00 - 06:00 PM__| Training i " S.Suri | RN, PS
Date : Aug 20, 1997 o ' !
10:00 - 1.00 PM_-_| Over Par II AS RN, PS
10:00 - 01:00PM | KEYSTONE MS CM, VP
02:00 - 03:00PM | HFC A. Ghosh | RN, PS °
03:00 - 04:00 PM | MCS DKM RN, PS
02:00- 03:00 PM { FIN ACCOUNT SW DKMZ24S | CM, VP
03:00-04:00PM | HRD USY CM, VP
04:00 - 06:00 PM | Facilities Manager DKM/ RN, PS, CM, VP
. | Ranjana/
‘I Sunil
Date : Aug 21, 1997 .
109:30-10:30 AM | Purchase ' RGRA | RN PS.CM VP
10:30 - 11:30 AM | Contract Review (Mktg.) RR RN’ PS’ Chl\t VP
11:30-01:00PM | QA o RN S,
11:30- 01:00 PM__ | Info SAP AS CM_ VP
02:00 - 04:00 PM | Preparation of Audit Rgport RN, PS, CM. VP
04:C0 - 05:00 PM | Closing Meeting All Project Managers and
Functional Heads should be
present

A4-]




'Annexure. 5
NONCOMPLIANCE REPORT FORMAT

(1) Customer: (2)Datg: (3) Reference Numb&:
(4) Documeat : (5) Pasagraph : (6) Area of Audit ;
(7) Noncompliance Category :
O Major O Mo O  Observation
(8) Noncompliancs :
(9) Auditor Signature : {10) Date ;
(11) Team Leader Signature © { (12) Dute ;
(13) Custamer Signature : (14) Date ;

WWWWBBWBYWAMMAMMW
IWEEK OF NONCOMPLIANCE ACCEPTANCE (SIGNATURE IN BLOCK 13)

(15) Carrective Action To Be Taken :

(16) Implementation Date :
(17) Auditee Approval : GHDae
(l9)mpsdc«rmﬁwmmmu(mlq): 0) Daie:
(21) Explanation for Changes to Original :
(22) Team Leader Approval LT
(24) Comrective Action Verified By Mw) : 5 D _,
(26) Team Leader Approval : POy

AS-1 Cyber(Q) Consulting




| Aanexure 6
Sample Audit Repott

Date Audit conducted : AYS 19-21, 1997

The audit was conducted by :
- Rajiv Nag - Team Leader
- Pankaj Sood - Team Member
- Chhanda Mitra - Team Membes
. V. Padmanabhan - Team Member

Audit Scope: 1. Documentation Review (Quality Manual and Operations Manual)
2. Audit of the following projects .

e OverParll

o Keystone
. o MCS
Info SAP
o Tin Account SW
e Alcoa
®
L 4

HFC -
vDU Plus

3 Auditof  ~Purchase
- - Training .
- Facilities Marfagement
- Contm(;t Review 8:/ Onsite processes :
. ( ecruitment/Skills database/ Man
HRDP py power

- Qty Assurance (Internal’ Audits, Mgt. Review, Metrics)

Objective:  To verify compliance of documentatioa to 150 9001 standards anc 10

verify implementation of quality system 10 documented QMS and to ISO 9001

Audit findings
The audit program is enclosed as Annexure L.

1. The aﬁdit team is very pleased to note the marked i
improvement across all proj
projects

and support functions at AGS in complying wi
ying with the documented Q
MS. There was

ample evidence t0 confirm that not only i . ,
effectiveness O y is the QMS being followed but the

f the processes has increased signi :
audit. e SI gnificantly since the previous Internal

2. Aﬁ'projects showed good mana, ’

> S 50O . gement control with re

project planning, 1n particular, the Alcoa, VDU Plus and ﬁ?;‘;{t:ygomram reviews and
One projects.



. Annexure 7
List of Activity Codes |

Artivity Cod Aciivity Des<igiich

001 SalesProcass
0g101 Pra-sales support
Q102 Proposal Freparation
00163 ° Coniact Preparaion
00104 Business Development Meaing
0Q10% Meaiing with Cusiomer
00106 Feasibility Study
€02 Analysls 8.0asigq
00201 Requiremants Analysis
00202  Requirement Spedifications Preparation
00203 High Lovei Design
00204 Low Lavel Design

00205 °  Deslgn Documaenis Preparation
- 003 - Pmgamigesi.i oding
. 09301 Program Specifications P!epara..an
- 903027 Ceoding
00363 Unit Test Pian Preparation
. ~00304 *, Unit Test Data Gonaration
00305 WaitTesting '
004 Aategationd System Testing

00401 . Integration Test Plan Preparation
00402 Integralion Tost Data Generalion

© 00403 - Integration Testing -
" Systam Test Pian Preparaion

00404
Sysnem Test Data Generation

00405 -
00406 System Testing -

905 . - -

/i) ' Software installation

" 00504
‘006

" Prejact Planning

©- 06601
Qo802 - Project Plan P:oPWﬁOﬂ
... Project Qrganizing

00502 - Acceplance Testing -
00503 - Users Manual prepamon

User's Tralning .
00505  Pelivery :

8 " Project Manilaring & Conual

L 00608
© Q0608 Meeunwmsmsslon
.'go6os  Projct Slalus Repaning
* 00607 - Configuration Management
" Q0608  .Problem Analysis -
Q0509  Change Requosts Impact Maly&i
Magting with («umﬂw .

Jgogwl
00511 Meelng -

020 ~
.. 02007 . Davelop Provess Definiigns
- goopz Conduct iniemal Audi * ,
*.° 02003 . . Facing jniemal Audit }
02004  ExiemalAedl
02005 Analysls of Molics .
Maintenance of Process Database

02006

A7-1



02007 Management Review {aeeﬁno
02008 Planning & Co-ordination ‘ .
02009  Helping owner Mambers in implomaniaian
02010  Configuration Audit
025 Regeyitment
02501 interviews
02502 Out-station Interviews
02503 Planning & co-o:aing_uon
02504 Appointment Formatities _
92505  Maintenance of Recruiimeny/Skill Dalabase |
02506 Follow-up Activitios semont

7 Pa t Mana .
:ﬁ wagpmaw::; with Placement Agencies
02509 Inducting new employees

02601 Appraisal

02602 Appraisal Meeting .

02603 Appeaisal Result Reponing

0260¢  Pranning & Co-ardination o
Iraining

92101 Atanding intemal Training _
02702 Preparation of Training Material
02703 ‘Allending Extamal Training

02704 Self Developmeny

92705 Onthe job Tralning

02708 Conducling training cowse

%2707 Planning, Co-ordinciion & Moniaring
Q%8 Mainlenance of Training Materials

02709 Caaasponding witn lraining voadors
02710 Wdentification of training needs
g::‘l 1 Feedback Anglysis

02801 e depanimental co-crdination
02802 Maintananca of Personnel files

02303 of Manpawer
3::3: Palicy & Praciices

Comporate Recagnition Award
2807 ‘

N-Sits Deployment
02808  pop Enry lor Payron System
02809 g Intsrview
v Qn-illﬂ.ﬁnnm_mm' [ C e
02901 co_“mﬁm C e St
02902 Co-orginalion with Customer
ggg&f Co-ordinaﬁonfo.—ﬂesaufces

A"inolng Intsrviews
02506 Planning
035 Facing lntorviows

Planning & Co-ordination

B2 Toctnicy, praseranal ' :
Py SW Instaltation & Configuration '
035?5 irastruciurat Deveiopment
03506 Technicas Support
03507  SYSlem Administration
o Ratabase Agminisiration

08 No istration

g Resourcy Allocation

A7



4,

040 offico Adminisicali
04001 Transport Arrangameant
04002 Canteen Facilitios
04003 House-keeping 4
04004 Front-Office Function
04005 Nan-technical Procurement
04006 Employee Welfare
04007 Employee Travel - Domestc
04008 Employee Travel - Inlarnational
04009  Office Equip. & Furniture Mainlanance
04010 Stores Mainlenance
04011 Workstation Allocatian
04012 Hotel/Guesl House Booking
Rl K Telephone/Mobile System Facilities
04014  Planning & Co-ordination
04018 Miscellansous Jobs
045 Libracy.
04501 Litirary Administralion
04502 Purchasing of Boaksé&Periadicals
050 Idiing

5001 Not assipned to any project
05002 No work assigned on project
05003 Non avaiiability of infrastructure
05004 Waiting for VISA/Departure
05005 Waiting for customer fesdback
060 JTour
060691 Tour - intra cily
06002 Tour « inter Gity
06003 Foreign Tour
065 Hollday
070 Leave
089 Qihars

10000 Roviews

10001 Salgs Procgss
10102 Proposal Preparation
10103 Contract Preparalion
10106 Feasibility Stugy
10002 Analysis 8 Dasign
10201 Requiremants Analysis
10202 _Requirement Specifications Preparation
10203 High Leval Design
10204 Low Level Desipn .
10205 Design Documents Preparalion
10003 |
10301 Program Specifications Preparation
10302 Coding
10303 Unit Test Plan Preparation *
10304 Unit Test Data Generalion
10303 Unit Tasting
10004  lntegration & System Testing
10401 Integralion Test Plan Preparation
10402 intagration Test Data Generation
10403 fntegration Testing
10404 System Test Plan Preparation
10405 System Test Dala Ggneratio
10406 System Testing .
10005
10503 User's Manual preparation



10602
10607
20000
20002
20201
20202
20203
20204
20205
- 20003
2031
20302
20303
20304
20305
20004
20400
20402
20403
20404
20405
20406
20008
20503
20006
20607
20607
30000
30002
30201
30202
30203

30208
30603
© 30301
30302
0303
0304
30305
30004
30401
30402
30403
30404
040§
30408
30008
30503
30006
30602
30607
40000
40003
40204
40404
40403
40408
40005

AT-4

Project Plan Preparation
Configuralion Mana;dmeul

1

Analysis 08500
Requirements AnalysIs
Requiromant Spedificauans Preparabosn
High Leve! Design

Low Lavel Design ‘

Design Documents Premuon

Program Specs. S Codiay
Program Specificalans P'reparauon
Coding |

Unit Test Plan Preparauon

Unit Test Data Generauen

Unit Testing

lotegration & Syslem Tesuos
Integration Test Plan Proparauon
Integration Test Data Generakan
Integratizn Tesung ’
System Test Plan Preparakon
Systam Test Data Generaton
Systam Testng
{nstatiation & Acceplance

User's Manua) preparation

Brojact Mapagamant
Project Plan Prgparalion
Configuration Management

Analysis § Design
Raquiremants Anatysis

Requirement Specifications Preparaian
High Level Dasign

Low Level Design
Pesign Documents Preparalion

2rogram Specs. & Coding
Program Specifications Preparalion
Coding

Unit Test Plan Preparation

. UWnit Test Dala Generation

Unit Testing

intagratiap & System Testing
integration Tast Plan Preparation

Intagration Test Data Generation
Integrasion Testing
Syatem Test Plan Preparation

System Test Data Generation
System Testing

instaltation & Accaptance
Usier's Manual preparation
Broject Managament

Project Plan Pragaration
Configuration Managemant
Refect Logging & Analysis

Unit Tesing

integration Testing
System Testing



Annexure B

A BRIEF DESCRIPTION OF THE CMM ASSESSMENT PROCESS

A.8.1 Types of assessments: The assessment process defined by the SEI is very different
from that followed during 1SO assessments. The SEI defines two types of assessments that may

be carried out with reference to the CMM:

a) Sub contractor Evaluation (SCE) : This is an external assessment carried out by SEI
authorized lead assessors 1o determine the capabilities of a software vendor. This is done with the
objective of qualifying software vendors, generally for work 10 be done for the US Department

of Defense.
Since it is an audit carried out on behalf of tne customer, this can be considered a second party

audit.

— Internal Process Improvement (CBA-IPI): This is the most

in the CMM world. Most of the assessments done and reported by
1 method. Donna Dunaway et al [CMM-96] describe in great

PL. We have attempted to provide a brief

b}  CMM Based Appraisa!
- .common form of assessments
the SEI are done by the CBA-IP
detail the methodology to be followed during the CBA-

description of this process below.

The CBA-IPI, as the term implies, is essentially an internal assessment. To that extent, it can be
o be a First Party audit, led by a SEI authorized lead assessor, Senior management is

considered t
the sponsor for the CBA-IPI and hence it is done on their behalf. The findings are received and

acted upon by the senior management.

A 82 Assessment team: The assessment team is generally made up of around 9 persons,
he assessment team depends no doubt on the size of the

apart from the lead assessor. The size of t

organization being assessed; however, we find that this for most organizations, the size of the

assessment team is as we have mentioned above. Tke team memoers (called ATMs) are drawn
in the organization. Around 5 persons from the projects, 2

from different functions and projects
fram the SEPG and Quality group and 2 from the support groups like Training, System

Administration etc. is a good mix.

The entities involved from the “assessees” of the “interviewces” side are:
ders (these are the software project managers, in CMM

A 83 Assessees
» Project managers/ project lea

parlance ~ See Annexure 1
» Funclional Area represematives = These are the practitioners who provide

information to the ATMs on how specific practices are carried out e.g the FAR group
on Configuration management would discuss how the organization carries out CM

activities etc. More details on this have been given later.

A8-1



A84 Assessment phases:  The assessment is conducted in two phases:
' Phase I or pre onsite phase

» Phase I or on site period

A84.l Phase I During the phase I, the following activities are carried out:
« Introduction to CMM — 3 days training .

» Participants : ATMs, including the back up ATMs. Other people from withia
the organization may also attend, subject 1o 8 maximum of 20

o Assessment Participants briefing — half day :

» Participants : All the assessees and the ATMs. Generally, however, we find
that the entire orgaaization is called to this briefing where the Chief executive
first talks of the management vision that led to the need for an assessment. He
discusses the need for continuous quality improvements and for everybody 10
view the assessment exercise as an opportunity for identifying quality
improvements and not view this as an “examination” that needs to be passed
somehow or the other. The Assessment Team Leader (ATL) then provides an
overview of the CMM to the entire organization and explains the CBA-IP1
process to them. One can notice similarities between the opening meeting of
the ISO certification audit and this briefing, exceps that this briefing is to the
entire organization and is ruch more detatled (takes around half a day vs. th®

‘ 45 minutes that the opening meeting in ISO generally takes)
¢ Assessment Team members’ advanced training — 5 days

* Participants : All ATMs, including back up ATMs. This training is conductéd
by the ATL.

- Administration of the Marrity Questionnaire - 2 hours
» Participants : All Project Managers / project leads as well as representative
team members. Representatives from sup

S port groups like training, HR,
systems administration etc, also fill in the mamdtypquestionnaireg(sample
enclosed)

e Initial Document Review — 2 days generally

* A document review is conducted by the Assessment : ented
QMS, project documents like project plans, SRS em.fifi’o:iﬁiﬁ‘e’?ﬁew
records, test logs etc. and the metrics baseline reports are reviewed, The
mapping of all of these to the CMM KPAs and to each key practice is done bY
a detailed exercise of tagging notes and posting notes against each key
practice on a “wall chart” where the CMM practices are printed out in bold
print to enabie everybody to read and disc P

uss,

During the ATMs advanced training, the team members are tra;

questions 1o use dt_mng_ the on site period. This set of exploratmye:u::u%;f aglgg :lgégr;;oge
ATMs during the interim period between Phase I and he on-site period is finalized | WO
weeks of the end of Phase T), period (generally within

AR.2



The assessment is conducted in two phases:

A84 Assessment phases:
» Phase I or pre onsite phase

» Phase II or on site period

A84.1 Phase I: Duri '
Phase I uring the phase I, the followin iviti :
o Introduction to CMM — 3 days training B activities are carried out:
» Participants : ATMs, including the back up ATMs. Oth s
the organization may also attend, subject to a maxirnumeggg?)pl? from within
e Assessment Participants briefing — half day :
s Participants : All the assessecs and the ATMs, Generally, however, we find
on is called to this briefing where the Chief executive

that the entire organizati
that led to the need for an assessment. He

first talks of the management vision
discusses the need for continuous quality improvements and for everybody to

view the assessment exercise as an opportunity for identifying quality
this as an “examination” that needs to be passed

improvements and not view
t Team Leader (ATL) then provides an

somchow or the other. The Assessmen
entire organization and explains the CBA-IPI

overview of the
_One can notice similarities between the opening meeting of

the ISO certification audit and this briefing, except that this briefing is to the
entire organization and i mu=h more detaiied (takes around half a day vs. tiie

45 minutes that the opening meeting in ISO generally takes)

" o Assessment Team members’ advanced‘training -5 days
= Participants : All ATMSs, including back up ATMs. This training is conducted

. by the ATL. o
e Adminisiration of the Maturity Questionnaire — 2 hours
» Participants : All Project Managers / project leads as well as representative
team rnembers. Representatives from support groups like training, HR,
systems administration etc. also £ill in the matusity questionnaire (sample
enclosed)
o Initial Document Review - 2 days.generally
s A document & iew 15 conducted by the Assessment team. The documented
QMS:I ijcct documems like pI'D]:OCt Plaﬂs, SRS etc., records like review
records, test logs etc. and the metrics baseline reports are reviewed, The
mapping of all of these to the CMM KPAs and to each key practice is done by
notes and posting notes against each key

a detailed exercise of tagging ;
chart” where the CMM practices are printed out in bold

tice on a “W .
practh body to read and discuss.

anced training, the team members are trained on preparing explo
.. This set of exploratory questions is ﬁ“al)iczpedr;;oge

During the ATMs adv :
Questions to use during the o8 site period. - .

ATMs during the interim period betweed Phase I and the on-site period (generally within two
weeks of the end of Phase -

A8-2



AB84.2

4-6 weeks after Phase L the following activities are carried out:

Onsite period: During the on-site period (phase II), which happens aro

Interviews with Project managers / Project leads

The project managers / project leads of the selected projects are interviewed by the
ATMs. The exploratory question scripts are used as the basis for all these discussions.
Since the documents have already been reviewed by the ATMs during Phase I, these N
 interviews serve as confirmation of the practices in the projects. Each interview lasts for] -
around 1% hours. The interviewees are encouraged to provide detailed answers to the

que

Obviously, the F groups constituted depend op the L
being assessed. Sometimes some of the FAR sessions m
be merged with the Support groups, Peer reviews may b

stions asked by the ATMs.
Discussions with the Functional Area Representatives (FAR groups): %

As explained briefly above, special sessions are held with team members wh
explain how specific practices are carried out. The FAR groups usually consist of 4-5
members.

Generally, the following FAR groups are formed during the assessment and

discussions are held with each:

¢ Configuration Management FAR group
Requirements Management_, Analysis and design
Coding, testing and implementation
Peer reviews
Software Quality Assurance
SEPG and metrics councit
Training '

Support functions like HR, System admiilistration, Tecruitment etc.
Technology management group (for Leye 5 assessments)
Defect Prevention (for Level 5 assessments)

Senior management which discysges how they manage a multitude of projects:

resolve inter group issues and look for continyed Process improvements
AR

¢vels to which the organization
ay be mergeq, e.g. Training M8Y

: . : ’ ¢ i f
Analysis and Design or coding and testing or § QA merged with any one o

There may also be additional FARs dependin

and

tnt’ & On the organjzat;
Drgaruzanoﬂ Where wWe wer. e p m o f the Assesslnent Te gan-lzatlonal Ileeds e.g- 0118

" jon
the Requirements Management was merged with ﬂ;? had 2 Mar keting FAR sesS

the FAR groups are in the namyr, ; AR
. < > .
members are eﬂ_courageq to discuss varioyg Practices inO tl-xf.gemarl'lp dlfs:?ussmns 1pYthlftrhﬁeF
ATMs only asking questions to clarify €4 ol interest wi

a frame of reference — otherwise the discussions

SPeCiﬁc dOllth a.nd to keep the di scu SSion w]thm

Can teng to Stray.
Consolidate findings - The ATMs ta
. olidat note :
;;terwews and the groyp discussiong fnd m:;l;?totnht?tﬁa o acen during thehis
: ll.;pens at t!ae end of each cay. A Bolden pyje that ATMe KPas qf CMM. T- s have
© be consolidated the Same day itse|f * follow is that finding

A8.3



A8.5

the size and nature of an 0

Phase I — Pre on site perdod:

s Prepare and present draft findings — Draft findings are prepared and preseated 10 all

interviewees / assessees to confirm that the ATMs indeed heard and understood them
correctly. We think this is a very good practice in the CBA-IPI which the ISO audit
methodology could adopt, It ensures that there is no bias in the ATM findings and

that language nuances are not wrongly represented by the ATMs.

s Give Final rating: Based on the feedback from the draft findings session, the ATMs

modify their findings and start on the final rating exercise. A decision is made on
whether the goals for each KPA for the maturity level at which the organization is
being assessed are fully met or partially met or are not met at all. Only if all the goals
for all the KPAs at a certain level are fully met is the organization rated to have

achieved that maturity level.

» Present final findings: The final findings are now presented by the ATL to the

organization: The participants are generally the same as was in the initial Assessment
Participants briefing in Phase I - the entire organization is generally called in
(especially if there is an inkling of the “good” news to be given. However, the focus
of the final findings is to identify strengths, improvement opportunities and best
practices in certain pacts of the organization that others could follow. Again, we

believe that this type of value addition is a very good practice in the CBA-IPL We
have seen certain ISO audits, especially those conducted by KPMG where a lot of
value addition is done but we have seen many others where this is not so. This
bappens because the ISO audit methodology does not demand that this be done while
the CBA-IPI requires the ATL to add thus value to the organization,

« Executive briefing: The Assessment team then briefs the executive management

separately on next steps and any other issue that it believes that senior management
could focus on.

activities: The ATMs prepare reports to SEI which include the final findings
and feedback by the ATL and the ATMs,

resentative Tim The time frames for all these activities depend on
rganization - however, representative time frames are given below:;

Wrap up
presentation

a) Training — Introduction 10 CMM Day 1 to Day 3
b) Assessment participants briefing: Day 4; first half
¢) Maturity questionnaire: Day 4; 2ud half
d) ATMs advanced traiming: Day 4 to Day 8
Day 9 to Day 11

e) Initial Document review:

A84



Phase IT ~ On site period:
a) Interviews with PMs/PLs:

b) Discussions with FAR groups:

L3

¢) Consolidate notes:

d) Prepare draft findings
e) Present draft findings
f) Modify findings

g) Final rating

h) Prepare final findings
i) Present final findings
j) Executive briefing

k) Wrap up activities

Day 1 to Day 4
Day 1 to Day 4
Day 1 to Day 4
Day 4 to Day $
Day §
Day 5t0 day 6
Day 6
Day 6
Day 7
Day 7
Day 8 to Day 9

A8.5



Amnexure9 |
Maturity Questionnaire

. Software Process Maturity Questionnaire
Capability Maturity Model, version 1.1 | '
April 1954

Hih

This document contains questions about the implementation of important software practices in
your software organization. The questions are organized in groups. of key process areas such as
software project planning and software configuration management. A short paragraph describing
each key process area.precedes each group of questions. Unless directed otherwise by the person
who administers this questionnaire, please answer the questions based on your knowledge and

experience in yommm : .
To help us better” interpret' your answers to the questions about sofiware process in your
organization, this document begins with questions about your own background in sofiware work.

Please read and mﬁwer all of the quesdons. If yim wish to commm qi:estions or qualify
your answers, please use the comment spaces provided. - . T

Your answers will be held in strict confidence by the appraisal teaim. Specific answers will not be
identified within your organization, nor in any other manner.. Your name will be used for
administrative purposes only: to guide the appraisal team during response analysis and help them

contact you for any needed clarifications.

Thank you for you;h'élp. "

Software Engineefiﬂg Institute
Camegie Mellon University
Pittsburgtipennsylvania

© Copyright 1994 Cammegic Mellon University
‘This work is sponsored by the U.S, Department of Defense.

Maturity Questionnaire (verslon 1.1.0) Pege 1 of 42

. (3
. i . '.L
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Filling in Your Answers

@e will be using optical scanning technology to enter your answers, so please Pn’m or\
write neatly throughout the questionnaire.

» Feel free fO' use the margins if you need more space for your written answers of
other comments, but please don’t write over the check boxes or crosshair (1)
'symbols. - -

o Please keep your marks within the check boxes. Any mark willdo: B & Hl

\v You should use a pen with dark blue or black ink. Y.

Definitions of Terms

“The Capability Maturity Model on which this Maturity Questionnaire is based uses 2
number of terms which may be used differently in your organization,

»  Organizational terms ate defined on the blue placard. You may wish to review it
now, and refer 1o it as necessary as you complete the questionnaire,

t Technical ferms are defined on the pages where they are used.

/

i Respondent Identification
S (Please specify)

YOUR
NAME:

TODAY'S
DATE:

PROJECT
NAME:

WORK - ,
TELEPHONE: : .

P
age 2 of 42 Mnturity Questionnaire (vsn‘ionl-lm

CMU/SE1-94-SR-7
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SectionI Respondent Background -

|1 Which best describes your current position? (Please mark as many boxes as apply)
b ]

[ PROJECT OR TEAM LEADER [J  MANAGER
[0 TECHNICAL MEMBER [ 'sOFTWARE ENGINEERING PROCESS
GROUP (SEPG) MEMBER

[3  OTHER (Please specify)

2 On what activities do you currently work? (Please mark as many boxes as apply)

[J SOFTWARE REQUIREMENTS (] SOFTWARE QUALITY ASSURANCE

{1 SOFTWARE DESIGN [ CONFIGURATION MANAGEMENT
-0 CcODE AND UNIT TEST L] SOFTWARE PROCESS IMPROVEMENT

[]  TEST AND INTEGRATION [ oTHER (Please specify)

3 Have you received any CMM-related training? [3  ~o [0 ves (Please describe)

a
-

f

4 What is your software experience in: (Please specify for each category)

YEARS

Your present 0rganization? .......ccmmmisen

Your overall software experience? wo.... | l YEARS

5 Have you paru'éipatcd in previous forms of Software Process Assessments, Software
Capability Evaluations, and/or other forms of software process appraisals? (Please mark one

box)

O w~o .
3 ves —» Howmany? (Please specify for each category)

# OF SPAs (Softwaie Pracess Assassments}

# OF SCEs (Software Capability Evaluations)

# OF OTHER SEI-BASED METHODS (Please describe
briefly: e.g., mini-assessments or instant profiles)

BASED ON NON-SEI PROCESS IMPROVEMENT WORK
(Please describe briefly:
0.g., SO 8070/8001 audit)

M““-"if)'{)uesﬁonnaire (version 1.1.0} Page 3 of 42

N ———————
CMU/SEI-94-SR-7"
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Section II Software Practices

Instructions

(17 To the right of each question there are boxes for the four possibla
responses:  Yes, No, Does Not Apply, and Don't Know.

Check Yes when: -
+ The practice is well established and consistently performed.

- The practice should be performed nearly always in order
" to be considered well-established and consistently
performed as a standard operating procedure.

Check No when:

+ The practice is not well established or is inconsistently performed.

- The practice may be performed sometimes, or even

frequenily, but it- is omitted wunder difficult
circumstances. '

Check Does Not Apply when;

« ‘You have the required knowledge about the project or
organization and the question asked, but you feel the
question does not apply to the project, .

- For example, the enlire section on “Software
Subcontract Managgment" may not apply to the project
if you don't work with any subcontractors.

Check Don't Know when:
» You are uncertain about how to answer the question.

2 Use the Comments spaces for any elaborations Bt
your answers 10 the questions. or qualifications about

3 Check one of the boxes for each guesti
k' questions, Question.  Please answer all of the

1

Page 4
of 42 Maturity Questionnatre (version §:1-9)
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Annexure 10
Traceability Matnx

vt -

- ————

‘Forward Traceability Table .

-

FUNCTION [ SRS REF.
SPEC.

STP -
REF.

-~

| SDD REF.

-

STD
REF.

No. of
Test

L | Cases

4136 32001

4.14.)

§4.1.1.113

4.1.1.1.132.1

4.14.112

4.1.1.1.1.)

4.1

10

4127 3.'2‘.1.1.2

4142

4.1.1.1.14

-

411112

4.LLLI33T |

4.1.1124

41.1.1.11

42

4128 1132933

4143

4.1.1.1.1.5

4.).1.1.1.1%

43

19

4.144

4.1.1.1.16

4.1.1.1.52

4.1.1.1162.1

4.1.‘1.1.1.2

(413124

44

4125 132173

4.145

41.1.1.1.7

4.1.1.1.0.7.2.1

411112

411111

4.5

4130 32.1.15

4.!.4_.6

411118

4.1.1.1.1.72.1

4LL1.1321

4.6
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LIST OF QUALI_ TY CERTIFIED NASSCOM MEMBER COMPANIES
UPDATED AS ON 28.12.1999 T
o L e l ———— v et o sy I .
Company Isogc0e TickiT SEl
Alcatei Network Systems Lid. ‘ 1SO 9001 "
Ampersand Softwars Applications Limited 150 9001 *
Apcosoft infoway Pvt. LId. 1SO 9001 2
Aplech Limited 150 9001 1SO 9002
|Ashok Layiand Information Technology timited 180 9001 IS0 5002
BAGHAL Softwars Limited .' 1S0 9001 |
BFL Sofiware Limited 1SO 9001 ” N
" Iginasott Limited 1509001 -
Bhorucom Software Py Llo. £ IS0 9001 *
| cadence Design Systems (india) Pt. L1d. IS 9001 *
Canbank Cameule( Services Lid. - 130 5001 ¢
Cagalsc india Limited 150 8001 .
CG Maersk information Technoiogies Limited 18O 8001 ..
CG-Smith Schtware Limited ‘ : Lavei; 5
Chenab information Technologies Pt Lo ‘_ IS0 9001 ' )
| Citicorp Information Techroiogy industries LIG, . _ Lovel §
Citicom Overseas Soffwara Lid, Lavel 4
CMC Limited 180 9001 . .
Cognizant Technology Solutions 1$0,9001 __Level 4
[Command International Softwai® S 9001
Lomputervision Research & pevalopment {india) LIC 50 m
1S0 9001 | Level 5

-..._C°mﬁete Businass Solutions [!ndfa! Lid .
iSO g001 !

Congruent Sofiware Private Limited

e

' All-1



LIST OF QUALITV CERTIFIED NASSCOM MEMBER COMPANIES
UPDATED AS ON 28.12.1999
Campany ISO 9000 TickIT SEl
|Cantech Softwere Privete Limied IS0 8601
CoSoft india Limited IS0 8001
Digital Equipment India Limited 1SO 9001 ’ o
Data-Core {indis) Umiled 1SO 9001 I
Cybentech Sysiems and Software Limited 1SQ 9001 —
Datamatics Limited iSO 3001 * -
Datamatics Technologies Pvt, L1d. iSO 8002 —
DCM Data Systems U1d. 18O 9000 I
D;ﬂarec Safuﬂoas Linited 1SQ 6001 RS,
Devische Softwars (indie) L1d. # 1506001 * ]
DSQ_SoMm  Limited ISO 5007 Lovel 4
EDS - Elsctronic Data Systems (india) Pi. Lid 1809001 _* , _‘_J
|Eastern Software Systams Limiied 1S0 9001 o ne
Engineers india Limited 1S0 2001 P
| Eectronics Comporstion of indis Limited | 150800150 0002 o
Fulure Software Pt Lid. 1SO 9004 Lovel 4t
Genisys fﬁgm__q_ng. Systems {indig) Pvt. Lid. IS0 9001 R
Gulf Computars Pvt. Lid IS0 6001 e
Growth Compusaft Exports Lid ' IS0 8002 _ L R
|Geometlne Software Sofutions Co. LI, 150 9001 :
o S ey
HCL Technologies Limited 1SO 9007 L ~ M -
HCL Perot Systems 1SO 9001 Lovel §_—
Hexaware infoSystems Limited IS0 8091 W

~All.2
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Honewwvall indig Sotrware Operatons Pyt LUg.
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N3 bvorech Lumand
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Infarnaton Technones (Inde) Linwed
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intamaponal Compyrers indva Licnired

Aay Consutants Lmeed
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1SO 9001

Level 4

iSO $001

130 §051 1S5S0 52

LOvit) 3

!S0 9201

15O %001

1SO W0t

IS0 8001

iSO 9201

iSO $0d¢

150 BT

1ISQ KN

{Lovel 5

SO §092

iS50 $00¢

1S5 901

{ove'd

iSO w001

Love §

iSO 9001

150 §002




LIST OF QUALITY CERTIFIED NASSCOM MEMBER COMPANIES

UPDATED AS ON 28.12.1999
Company ISO 2000 TickiT SEl
Masrs Software Intemational Limited 1SO 9001
_.ﬁ_
)
MCS Software Solutions Lid 1SO 3001
“———_
.
Mahindra Bnitish Telecom Lid. iSO 9001 Lovel 3
m-m_
MASCON Technical Services Lia. IS0 9001
%—
Alascot Svstems Pvt. Lid 1S0O 5001 ¢
Msstak Limited 1SO 9003 b Lovel 4
MECON (fndiag Lmied {SO 8001
Metamer Globe! Solutions Uimited 1S0 9007 i
m
Mamentum Systems {SO 9001
¥
Mirwland Limitag /SO 9001
Motoroia indig Electronics Limited . _Levels i
MTC (incia) Pt. Lig, IS0 9001
Network %ems & Tschnamin (P} Limited iSO 90071 __L_ggﬂf__-'t.'____...
Newgan Software TechnLJ‘ogies Umited /SO 8001
0T Limi g
NiuT Limited 180 9001 __Level5
OCS intemationst (P! Lid. 1SO 8001
. M el
Oclon Technofgfes Ld. 1SO 9001
H
Oratle Software india Limijtad 1SO 9001
'—_'—_——_-_-__ ‘\\_ Leveid R
Onaat information Technol Lmited SO 50071
w__
H‘
Onoin Information Teehnol india) Limited ISQ 9001 '
e —————"
|Patai Computer Systems Limited 1SO 90071 '
\"\\_ LB Ve’ 3 ]
Peptslour Software & Expons Limiteg 180 9001 150 9002 . ‘
L B S M _‘I&L.A
Philias Softwara Centre Put, o0, IS0 8001 .
A :Lg_ve’_s___-.
2 * __.-J




L3

LIST OF QUALITY CERTI

FTED NASSCOM MEMBER COMPANIES

UPDATED AS ON 28.12.1999
’ I
Company 1SO 8000 TickIT SEl
Polaris Software Lab Linvied IS0 9001 Lovel 4
PricawatarhouseCoopers Lid iSO 9001 ¢
° °
PSi Data Systems Limited 150 9001 -
R Systems (india) Pvi. Lid. iSO 9001
Ram informatics Limited 1SO 9001
o
Remeo Systems 1SO 9001
.
Resonance Tachnologios (P) Limited iSO 9001
°
&iver Run Sofwars Group PV, LIG. IS0 8001
1SD 9001
F
150 5001 =
1S0 9001
* 150 9001
50 9001 °
! Lovel
|Satyam Computer Services Limited " 2
150 9001
Siemens Information Systems Limited
. 180 9007
Sismens Communication SoRwal2 s o
. 150 9001
Siera Optima Limited
S 1509001 i
icon Autormation Systems () L& causul
150 8001
3 . N s
W .“
Softek 15 1SO 9001
-..;‘_’{L-,_mil‘sd S .
SO 8001
Sofipro Systoms Pvt. LIO. - - .
{s0 9001
Sonata Sottware Limited .
150 9001 ’,




>

LIST OF QUALITY CERTIFIED NASSCOM MEMBER COMPANIES
' UPDATED AS ON 28.12.1999
1
Company - {SO 8000 . TickIT SEl
SystenL.ogwc (m;m Pv1. L1d. iSO 9001 -
Sysigms & Sofware 1SQ 8001
Tata Consulancy Sarvices 180 9001 " - Lovel 5
Tata Honevwell Linvfed 150 900%
Transformation Systems Pvi Lid : 180 2901 ¢
Tale Elxsi Limitod iSO 9001 ® Level 4
Tata infotach Limited ISO 9001 1SO 9002 N
Talo Interactive Systen;s SO 96D ¢ —_
Zata Tachnologiss (india) Limited ‘50 5007 .
JCG Software Servicas Pvt. Lig, IS0 9001 N
TCIL Bellsouth Limited | 1808001
&m_ﬁ_,,nmm_c«wmm india Limitad IS0 8001
Thermax Systems & Software Limiled IS0 $001 -
 Trigent Software Limited ‘ 180 9007 * -
‘m&mﬁmm P ud. 1SD $001
Verifone india Pwvt. L1d, 150 8001
Visesh Infosystems Limiteq . IS0 5001
VJIL Consutting Umited SO 9001
Wipro Infotsch Group iSO 9001 4 Lovel 5
Xerox Modicorp Limitea Lovel d
Yokogowa Biue Star Limited | 1SQ 9001

All-6
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Annexure 12

Lxst of CMM - Level 4 & 5 organizations in the world

'
i
e ——

Source : SE1

ListofMaturityl.evel4dand5Organizations
Lastupdated7February2000

Pleasebeawareofthefollowingissuesregardingthistist.
s TheSEldoesnoteertifycompaniesatmaturitylevels.

- —— B —— —— —— ¢\ e,

TheSEldoesnotconfumtheaccuracyofthematuritylevelsreportedinthenotedsources, .

. TheSEldidnotuseinformationstoredwithinitsProcessAppraisalinformationSystemtoproducethisdocument.

L

» ThislistofLevel4andSorganizationsisbynomeansexhaustive; weknowofothcrbtghmsmntyorganmttonsﬂ\amavcchosennottobehsted.
]

»

]

Theorpganizationslistedgaveexplicitpermissiontopublishthisinformation.
Nninformationobtainedinconﬁdenccwasusedtoproducethislisi.

{@ Y Pointof(;ontact FEEE 0 Yt o Level 3 2] Dateof | Assessor(s) .
kN S : N ETERL 'hr ":ﬁs-tnrn‘/r :5~ s N ) i X Apu&‘ -u*'a' X -:'- .3‘ 2
BFLSoﬁwareLtmnted, Bangalorc. India Sujatha Balakrishnan, 4 June1999 CarolynSwanson
_ . sujatha.ravi@bflsoftware.com :
BoeingCompany,Aircraft &Missiles&PhantomWorks GeorgeH . Kasai, 5 Decl997 Andy Felschow
SouthernCalifornia,LongBeach,CA george.h.kasai@boeing.com Jeff Facemire
LindaA, Abelson, .
_ linda.a.abelson@bosing com
Boeing Company,MilitaryAircraft&MissileSystemsF/A-18 BruczA Boyd, 4 Nov1999 RoyQueen
MissionComputer,St.Louis, MO bruce.a.boyd@boeing. com Bob Manders
RobertL.Allen, | Jeff Perdue
robert.]. allcns@boem&oom BiflFairer
BoeingCompany,ReusableSpaceSystemnsandSatellite Don Dillehunt, . 5 Oct19%9 Andy Felschow
Programs, HuntingtonBeach& SealBeach,CA donald.d diflehunt@boeing.com Jeff Facemire
BoeitgCompany,SpaceTransporiationSystems, Kent, WA ChuckMartin, 5 July1996 SteveMasters
Charles.Martin3@PSS.boeing.com MarkPaulk
CG-SmithSoftware, Bangalore, India G.N. Raghavendra Swamy, 5 Sept1999 Ricbard Storch
: raghav@cps.cgsmith.soft.net —
CiticorpInformationTechnologylndustriesLimited(CITIL), VivekV. Govilkar, 5 Nov1999 Ken Dymond
-Mumbai, India vivek.govilkar@citicorp.com S. Santhanaknishnan
. : . AnandKumar
FutureSoftwarePrivateLimited, Chennai, India M.G.Thomas, 14 Junel999 Pradeep Udhas
thomasmg@future. futsoft.com




[ArANY

Al1374@email.mot.com

HCL PerotSystems, Noida, India Fakesh Soni, July1999 Pradeep Udhas
rakesh.soni@hpsglobal.com
HoneywellInternational, AvionicsIntegratedSystems(formerly Steve Janiszewski, Novl996 | LarryBramble
AlliedSignal,Guidance&ControlSystems),  Teterboro,NJ stephen.janiszewski@honeywell.co
m
IBMGlobalServicesindia, Bangalore, India Asha Goyal,gasha@in.ibm.com Nov1999 Richard Storch
Maya Sribari smaya@jin.ibm.com
IntemnationalCompuiersindia Ltd(ICIL), Pune,India Ashok Sontakke, Febl1999 Richard Knudson
a.r.sontakke@icil.co.in
LittonGuidanceandControlSystems, WoodlandHills,CA Ray Madachy, Decl998 Mark Amaya
madachyr@littongcs.com
LockheedMartinFederalSysterns, Owego,NY Ed Fontenot, ed.fontenot@lmco.com Dec1997 John Travalent
WarrenA. Schwomeyer, GillesBurger
warren.schwomeyer@lmco.com Mary Busby
John Jurik
CindyBlackwell
Rich Clements
- Warren
' Schwomeyer
: Alan Sholtes
LockheedMartinManagement&DataSystems, KingofPrussia, M.LynnPenn, Dec1998 Andy Felschow
PA mary.lynn.penn@imco.com CarolGranger-
Parker
DennisRing
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Extract of Baseline Report from Company A

8.3 Summary 'Resplts

8.3.1 Baselines and Controf Limits
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Table 2- Baselines and Control Limits
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Ciient Server

Review
defacts/Total

__defects

DEFECT AGE#H 4rii-'i
All Project 0
Types
" g : *'{{'.ﬁ;'a ka‘. “‘ N ;‘- A :'f.,"‘ R
EFFORT.VARIANCE bl 505 i P
All Project 0% e
Types |
R (L A2 5 P P ko 3 T o pacr 70
SCHEDULE VARIANCE *: 5 AT I B, T T
2 ; SRR

All Project
Types
{except SS)

0%

System
Software _

0%

(S8)




8.3.2

Phase-wise Efforts and Defects Distribution

- Table 3- Phase-w:se Efforts and Defects Distribution

e A e

Projestiype’]
‘ r» {“ L) {‘_u' - e
Y2T IA & Renovaticn 83-100%
Testing 0-17%
Y2M IA & Renovation -
Testing -
Client Server SRS 18%
Design 38%
Coding & AT% 43%
Testing®
User 1% - -
Acceptance
Testing

* incluces Sysiem Testing
» These are weighted defects
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Chart § - C/S : Phasc-wise Effort distnbution
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8.3.3 Activity-wise Efforts Distribution

Table 4- Activity-wise Eiforts Distribution®

Activity % of Total Efforts

Project Planning 5%

Project Tracking 7.5%
Configuration Management 1.25%
Software Quality Assurance 2%

Inter-Group Co-ordination 0.5%
Reviews 12%

Technical (project lifecycle 71.75%
phases)

* For all proiect categories

Chart 7 - Activity-wise Effort Distrioution
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8.4 Project Category-wise Analysis
8.4.1 Y2K-Y1 Category

Chart 8- Y1 Productivity
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Chart 10- Y1 Weighted Defect Density
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Chart 11- Y1 Effort Variation
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8.4.7 Client Server

Chart 31- C/S Productivity
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Chart 32- C/S Defect Density
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Chart 13- CIS Weighted Defect Density
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Chart 35- C/S Schedule Variance
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Chart 36- C/S Review Effectiveness
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Chart 46- Overall Training Ratings
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Chart 47- Average Rating Across Training Categories
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Chart 48- Technical Training Ratings
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Chart 49- S/W Engg. And QMS Training
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Chart 51- Functional Areas Training
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Extract of Baseline Report from Group G EXHIBIT2

Baseline Repont

6. Baselines

Organization-wide metrics

6.1.1. "Schedule Variance {as against original estimate) of External Projects

This metric is defined as;

Schedule Variance = | {Actual duration in days - Original estimated duration in days) * 100
(as against original estimate) (Originat estimated duration in days)

The melric is used o monitor the project performance. A cause and analysis report for a given
schedule siippage helps in identification of areas for process improvement. The schedule
slippage for different phases identifies where additional effort is to be spent to compensats the

slippage.
The data is given in Ahnexure A of this document. The graphical representation of the data is
as follows: o _ |
Schedule Variance {as against original estimate} of
External Projects for baseline 1
50%
- 40%
30%
&
3 20%
H
e 10%
o
0%
10% e
B
~20% '
Based on this the baselined capabilities aré:
-1%
Mean ;%
Std Dev 40%
ucL -10%

7

LCL |
Analysis: , e '
' , cause of fairly large variabilily in the data
s itis concluded inat be ired as because strict adharence

sgrvations it 1 =% his is alsa required
goai?ﬁ :nt:rgzﬁg\?en control timit will be set. T e target-driven limits are £ 10%. in the above

iy objectives. I i
0 schedul is oné of 0‘;2,:05?:;'%& control imits and that s also to 2 very small extent. Hence i
plot only one point Hies

E 2-1



Bascline Report

601 .2.

can be concluded that the projects are under control with respect to the above control limits

except one case.

Schedute Variance (as against original estimate) of External
Projects for baseline 2

30% "3- =""." A _‘ b

10% 1 !'I -' '. v Ml [ ’ ‘ .

10% R ,‘.lw.-,"fm'i:'s.;ﬁ'. z-"f},«\h s“'é”i

- _',_ : - 11!;‘\!{:'1‘ h» o ‘}“{i %" :rli s
230% Jeemiigadis Vo "' Ay X

’
. Analysis:

Based on above obsefvations a target driven control |lﬂ'lll is set. This is also reyuired as
because strict adherence to schedule is one of our Quality objectives. The target-driven limits
are + 10%. In the above plot only one point lies outside the controt limits and that is also to 8

very small extent. Henca it can be concluded that the projects are under control with respect 10
the above control limits except one case as in the previous baseline,

Schedule Variance (as against last revised estimate) of External Projects

This metric is defined as; - E b

Schedule Variance =
{as against fast revised estimate)

Here revision is done during project execution.

The metric is used to monitor the project performance.
schedule slippage helps in identification of areas for pro

duration in days ~ Revised estimated duration in days) * 10
" (Revised estimater duration in days)

A cause and analysis report for a given

cess improvement. The schedule
slippage for different phases identifies where additional

slippage.

The data is given in Annexure A of this document. The
as follows:

E2-2

effort is to be spent to compensate the

graphical representation of the data is



Baseline Repont

Schedule Variance-Externai Projects ( ag against iast revjsed estimate)
for baseline 1

50%

40%
SR LN
Ly RNy
13

30%

20%

10%

4 b .JI' Fa i o) 208 A : __:,-_‘v ' ; ;
W I Ig‘l-, X 205t o~ *’f "r\u}“ 0 N

4~ 4
PR

Porcentage

-10% {

) 3 - apeg re:
Based on this the baselined capab:l:beg‘a

. Mean 1%
Std Deviation 7%
ucL - 5%
LCL -10%
Analysis:

: vised schedules and thus itis expected to have jess
Above observations are bat?‘t:dt:g;? driven upper control limit is set to 5% whereas the lower
schadule variance. Hence control limits, it s

o lot two points are outside the ts.
contgoyi?:f::tst?}?;;jg?té ie‘:rteh 5&%?:0&.'0! with respect to much tighter controf limits except
conclude

A cause analysis can be done to'check whether revised estimate differs
the two cases. al .
sig,eniﬁcanﬂy from the original estimates.

I Projects (as
Variance - Externa
scl}::tullaast revised estimate) for baseline 2
aga
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Baseline Report

6.1.3.

Analysis:

Here the target driven upper control limit is set to 5% whereas the lower control limit is set to -
10%. In the abave plot anly one point is outside the control fimits. It is concluded that the
projects are under control with respect to much tighter control limits except the mentioned ane.
Compared to the 1* baseline this one can be cansidered as an improvement.

Schedule Variance (as against original estimate} of Internal Projects

This metric is defined as:

Schedule Variance = Actual duration in days - Planned duration in days) * 100
(as against original estimate) {Planned duration in days})

The metric is used to monitor the project performance. A cause and analysis report for a given
schedule slippage helps in identiﬁpation of areas for process improvement. The schedule
slippage for different phases identifies where additional effort is to be spent to compensate the
slippage.

The data is given in Annexure A of this document. The graphical representation of the data is

- as follows:
Schedule Variance -Intemal Projects( as against original estimate)
) for haseline 1

o

o)

3

&

3 RS

5 &
o

Based on this the baselined capabilities are:

Mean 21%
Std Dev 17%
UCL 168%
LCL -15%
Analysis:

) hose requirements are not farmally frozen or may be
due to dearth of data points. Due to these reasons wider limits are chosen? Here too it is%arget

E2.4



Baseline Report

»s'

6.1.5.

Based o this the baselined capabililies are:

Mean 13%
Std Deviation 12%
ucL 10%
LCL «10%
Analysis:

Above data points are obtained Ihrough revised schedules and thus it i expecled 1o have less
variability. Hence the control limits are chosen to be tighter than the eartior ones. This time it is
chosen to be + 10%. However with respect tc those limits three points are seen ¢ be under
control and one point is brought closer (¢ the upper limit. A cause analysis of the two outlying

data points can be done for the estimation mode) adopted by them.

7 ~—

Schedule Variance - Internal Projects {as against
ilast revised estimate) for basaline 2

Analysis:
The same analysis holds good as in the previous baseline.

Effort Variance (as against original estimate) of External Projects
ortva

This metric is Hoet in, person hrs=Ori inal estimatet:t effort in De'r‘son hrs } * 100
Effot variance = (Actualef (Original estimaled effort in person hrs)
N n - .
(as against origi .o 1o the accuracy of effort estimation techniques. ltalso -
es an indicalion oproject performance and revision of effort estimates.

This metric provid dic
serves as a%asjs for monitoring the




Baseline Repont

6 .1 ‘4-

driven and the values are £ 15% as set by the Senior Management. However, only three of the
paints are shown 1o be under contro! with respect to above limits. A cause analysis can be
done for these data points.

Schedule Variance -~ Internal Projects (as agains?
original estimate) for baseline 2

sg:ﬁ — e

40% f G mage L

30% ol seniidiiana s

20% |VECRT TSR Ry

10 4 I Y R A TR vy S,

0% A SR e R A
1205 b o N MR Ty T 0 S A RO iy
Analysis:

The same analysis holds good as in the prévious baseline.
Schedule Yariance (as against last revised estimate) of Intesnal Projects
This metric is defined as:

Schedule Variance = [Aclual duration in days — Revised Planned duration in days) * 100
(as against last revised estimate) (Revised Planned duration in days)

The metric i; used to monitor the project performance. A cause and analysis report for a given
schedule slippage helps in identification of areas for pracess improvement. The schedule
s:_lppage for different phases identifies where additional effort is to be spent to compensate the
slippage. ) . e

The data is given in Annexure A of this document. The graphical representation of the data is
as follows:

I
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Baseline Repont

;l'ne data is given in Annexure | of this document. The graphical representation of the dala is as
ollows:

Effort Variance External Projects ( as against
original estimate) for baseline 1

o

Fercenlaae
e
¢

Based on this the baselined capaoilities are;

Mean 6%
Std Deviation 18%
UCL 10%
LCL «10%
Analysis:

In case of effort variance too target driven limits are sel .The limits are + 10% as set by the
Senior Management. Two points are outside these limits whereas other projects are under
control in terms of effort estimation. The effort variance 1s quite large in' case of the two outlying
points and it might be a matter of concern. A cause analysis is to be done for size estimation

model adopted by them.



Baseline Report

6.1.6.

Effort Variance -External Projects (as
against original estimate) for baseline 2

5

4

3 Ri% R

% A P Ar.i‘-f;s'i-'
\f{ &g 4 |‘1 "'.ﬁ' ?J‘P*‘J”-I:"ﬁ )m“' %f !;- th

-4 F“RQ'F AL BN RE .%\ s-.\AEru‘ 3

- LT ..‘."“-*"k‘v-‘-ﬂ_’f ‘{.11. PRt "('. XA

-% - ; '{-.’ ""fa.‘q ;! ﬁﬁ“‘ 1“"1" 5 “' PN ﬁ.- 114:::.. 45 \.-,:-.'..‘;. -

Analysis:

In this case aiso the same analysis holds good as in the previous baseline, however, the 11"
data-paint shows an under-estimation which can aiso be a matter of cancern,

Effort Variance (as against last revised estimate) of Externai Projects

This metric is defined as:. . -

Effort Variance = {Actual effort in person hrs Revised estimated effort in person hrs} * 100

{as against revised (Revised estimated effort in person hrs)
estimated esUmate)

This metric prowdes an indication to the accuracy of effort estimation techniques. it also
serves as a basis for monitoring the project performance and further revision of effort estimates

The data is given in Annexure A of this document. The graphical representation of the data is
as foliows:
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Effort Variance Extarnal projects { as agalnst last revised
estimate) for baselina 1
50%
4% |,
30% |-
@ 20%
o
£
10%
3 , :
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’
’ Based on this tne baselined capabilities are.

Mean 4%
Std Deviation 21%

ucL 10%

LCL -10%

Note — A data point having extreme value of 220% has been removed to smoothen out the
variability. :

Analysis:

In case of revise
the Senior Management. Here fou

d effort variance too'target driven fimits are set. The limits are + 10% as set by
r points are outside these limits of which two are lying below

timation might be a result of panic. The effort variance is

the lower control limit. This over-es ¢ e |
two outlying points and it might be a matter of concern. Root Causal

quite large in case of the
analysis might bring out som

e insight needed for managing and estimating these sort of

projects.

Effort Variance - External Projects { as
against last revised estimates) for

baseline 2
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6.7,

Analysis:

in this casa also the same analysis holds good as in the previous basefine, only here, ond
mare point ligs outside the control limits. .

Effort Variance (as aﬁainst original estimate) of lnternal Projects
This metric ic definsd

Effort Variance = {Actual effort in person hrs = Origigg.! estimated effort in person hgs) 2103 09 '
(as against onginal estimate) {Original estimated eifort in person hes)

This metric provides an indication to the deeuracy of effort estimation fechniques. [$ alsa

. sefves as a basis for menitoring the project performance and revision of effort estimates

The data is given in Annexure 1 of this document. The graphical representation of the data is #8
follows:

Effort \}aria_néo Internal Projects {as against original estimate)
for haseline 1

2 .a. ,f*i-esr

?
‘ j & \Trﬁ fé«

Based on this the baselined capabilities are:

Mean ' 18%
Sid Deviation 15%
UCL | C 16%
LCL -15%
Analysis: .

Effort varlance In internal projects is mo

might bé scarcity of dala goints, Un re than the external projects. Tha reasons behind it s

nlrozen requirement ¢ lack of sefiousness, The control liMits

F2-10
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therefare should be much v{ider than in case of external projects and here the limits are £ 15%,
The plat shows only two points are outside the limits. Seme cause analysis may be done for
these two cases which might bring out interesting features,

Effort Variance - Internal Projects { as
against original estimate) for baseline 2

T el

F‘"")\'ﬂ

" %) 1t
¥ LI

TR, K R N T e e TR TR A
., O RR S WAL WS Pl e R
SRAVED TR A R <
R RTINS AP ALY iy
LT

AL N

~
IR

Analysis:
Here also the same analysis holds go0d as in the previcus baseline.

6.1.8. Effort Variance (as against last revised estimate) of lnternal Projects

This metric is defined as:

' ={ in p hrs = Revised estimated effort in person hrs) * 100
riance = (Actual effort in person Dre ised estimate
o erar (Revised estimaied effort in person hrs)

(as against revised
estimatsd estimate)

, X ; indication to the accuracy of effort estimation techniques. It also
This mevic provides an ring the project performance and further revision of effor

Serves as a basis for monito
eSﬁmales = Lo e ameamrms smemn S . .. Pr e e s

E 2-11
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Effort Variance Jnternal Projects| as against last revised estimate)
for basaline 1

50%
40%
30% {5k ;
20% A

o 12;4‘*‘ ':,?J;;it'.' 4 ‘fia" # : .;' 2 \‘E’;\%
0% { % #’*3:9’9 AV SRR
i m‘s‘?m e %*!'4"*

! “‘.'-;‘ Sy :_'.." A ". w‘ ok
-20% ' o5 _: g L' ‘ ;‘53 oy . :{{ ’.’l‘ i

10% | "_

Percontage

*10% ,"_

g}.
,g,

L

*309% 4=

Based on this the baselined capabilities are:

Mean 11%
Std Deviation 9%
ucL 10%
LCL “10%
Analysis:

Revised Effort variance in internal projects is expecled to be less than the original ones.
Depending on that assumption the target driven limits are set to be i 10%. The plot shows
three points are autside the limits. A root cause analysis can bring some interesting features,
which ¢an be mcorporated to the existmg esbmatlon models.

Effort Variance - internal Projects ( as 4\
againstlast revised estimate) for
baseline 2

. i : T L T SN
N v ) Y AR YN I LA N2 )
- - N v ‘er N "". N ]‘. ‘ . -

Analysis:

The same analysis holds well 2s in the previous

basel .
as the no. of points lying autside the limits has d S ne, however

ts i
ecreased by one. hows mpr Oveme‘.nt

F 2.1
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Project Type Specific Metrics

6.1.8. Development Projects
For Effort variance and Schedule variance the baselines have aiready been established.

A, Defect Density

Defect Density

Defect density

Based on this the baselined capabililies are:

Mean 0.34

Std Dev 0.25

ucL 0.47

LCL 0.21

Note- To smaoth out the variability two extrérne points having defect densities 2.44

and 0.08 has been removed. |

Analysis:

Here the control limits are chosen Jepending on the inherent distribution of the defects.
As quality of deliverables is of prime conce/n therefore a very narrow bandwidth is
chosen. In this case the fimits are u z .50. Though lower limit is setto i - .5, goal
should be set at 0 defect density and he. e the points below the lower limit are actually

| limits. The plol shows two points are outside the

better than the points within control lirr she
upper control Ii:%it of which one is very close 10 the limit.
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Relationship between Actual size {Function point) and Defect density

Relation between Size and Defect Density

0.80
0.70
0.60
0.50 |
0.40"

0.30 A
0.20
0.10
0.00

Defect Density

0 « 200 400 600
Actual Size

Analysis:

A stqdy qf_the relation between defect-density and size is of much interest for
predictability. Here the plot shows a bell-shaped curve where the maximum defect
densily is observed for size measure 300. The correlation is quite high showing a
perfect fit. The reason for such a good fit may be due to dearth of data points. However
for very large as well as for very small size-measure defect-density is considerably
small which is surely a good indication. Some cause analysis may be done for the
critical point at which the maximum is attained.

E 2-14
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Defect distribution by severity

External Projects:

' Defect Sovority Of External Dovolopment Projects

{ 15t Basolino)
' % of Evrota of

seyelily suggestan 5 uf Errors of
% - sevenity Falal
’ I%

% of Encrs of
~ aeventy Msjar
26%

% of Errots of o
severty Mings
1%

Internal Proiects:

cct Severity Of tnternal Duevelopment
Projects (1st Baselineg)

Def

%, al Ercors ol
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% of Errors of
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':‘ g Lirors Cf
Z.l.".’l?'x(y "‘Jjaf
A5%

0, ot Errors ol
severnly Mt

& '
5%




Bascline Report

——

e —

Defect Severity of Internal Development
Projects (2nd Baseline)

%of Emasof
S’:VC:I‘i'ly % al Emors of
SR = severity Fual
1% =2 | 2%
% of Emus of
severily Minor
1,78

C. Defect distribution by causes

Extaernal Projects:

Defect Causewise of External Development Projects

- % defécdpfBaseline) o 4o 4 o
cause Lack of

knowledge cavee

n Oversi

% defect of 0% .~ V1 ;;gh{
~ 0

cause Incorrect
understanding —-
of requirement

\ % defect of
\ cause Improper

9% g '} documentation
% defect 47%
cause
Inadequate % ¥4,
review ;
32%
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Internal Projects:

Dolects Causowisu of Intosnal Duvelopmant frojects | fot Buaghiny)

T s
TRt o QaadTe Tl
Yo T A M Laiie
1N N e

N \ Te vl uf Coue
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Ovaraigd l ; OF PGt it
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Defects (Causewise) of Internal Development Projects (2nd
Baseline}
% defect of
% defect of cause
cause Improper - Inadequate
documentation A review
6% S~ 7%

% defect of
cause Incorrect
understanding
of requirement

23%

% defect of

cause Oversight-’
50%

% defect of

cause Lack of

knowledge
14%
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6.1.10. Maintenance Projecis

A. Detect distribution by seventy

Butect Suventy Qf Maintnancy Projectys ( 1ot Bancling)

%ol £Enory of
sevunly  Se ol Errors of
Suygeabon  seventy Fatu
s S

%ot Engra of
soveily Meowr
3%
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B. Defect distribution by causes

Defects causewise of Maintenance Projects (%) (1st Baselineg)

% defect of cause Lacx of
knowledge
0%

% defect of Cause
Qversight
12%

9% dofed ol cause
NG e underslandyiy
of requaerranl
%

Y tededt of cause

InaJeguale cvaw
] 2%

|
Defect (Causewise) of Maintenance Projects
(2nd Baseline)

J % defect of
cause Improper
dacumentation

% defect of
2%

| cause QOversight
| 18%

o, defect of
cause Laclk of
| knowledge

3%
% defect of

o, defect of cause
cause Incorrect Inadequate
understanding revisw
of reguirement — 13%. _
N 33% d Z to lack of knowledge has gone up by 3% whereas that d
Analysis. In the 2°° baselne the dc‘f‘e'ctw:i O reapect to the cause-wise defect distribution ot;e
to improper documentation « paseline

maintenance project compared 0
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7. Quality Metrics:

Project-wise NC s

No. of NCs per project

” e ahy e Syl rii
SRRy~ TG A
- Ry R T R e e
0 SRS
g L h.'?‘i oA PNy fi‘i’.ﬁ“‘""u.‘l-u;r.‘“" - O
B 28 1l 415 LT
- ey $atit s . . .
o L [y ot
1= S ‘;’;‘ﬁ ?_.;:_.f-l..l‘ -4
k 1'? R .‘Eh.ﬂ? ?t‘:-.“éfi!‘:l'.-:_’é:%
05 o1t SR VL] e | LS
0 b Sl BACEHREA s
. Q3'98 Q498 Q1°'99 Q299 Aug'9s
Analysis:  Above histogram is drawn on the basis of NC data for the period of July'98 to Oct'99.

NC per project is calculated by the ratio of total no. of NC s to total no. of projects. it is
to be noted that from July' 99 onwards, audit is carried out on bimonthly basis. tn the
above plot maximum no. of NC s are recorded in the 2nd quarter. This observation can
be explained from two angles,

1. Auditors shown excellence in their scrutinizing power

2. Projects did not follow gquality standards rigorously

The later one is ofcourse an alarming situation. The following two quarters are showing
however less no. of NC s, though the trend is anomalous. From Aug' 99 onwards, trend
is more convincing towards improvement. It may be explained as follows:

Due to frequent zudits, projects became more cautious in observing standards.

IV the same is considered from other angle it might be because of ralaxed audit. Cause
analysis of thess may dring the strengths and weaknesses in thig process. '
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Process-wise NC s

No. of Ncs per Process
7
6 :
w 5 e
g 4 A R
A€ L ot ety o N R e ey
2 ! B TR
T
1 Coardy
0 1
¥
Analysis: Above histogram is drawn on the basis of NC data for the period of July'98 to Oct'99.

NC per process is calcuiated by the ratio of total no. of NC s 10 total no. of processes. it
is 1o be noted that from July' 93 onwards, audit is casried out on bimonthly basis. In the
above plot 2 very smooth trend is observed towards improvement. Data clearly show
that no. of NC s decreasing steadily over the period considered. it is obviously a good
sign. Process specific good practices should be brought out as a result of cause
analysis and can be exploited for improving organization standard.

Mean time to close a NC ( in days)
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Analysis:

Mean time fo close @ N
positive effect of frequen
the long run, it will be ben

for this attribute.

C is decreasing steadily from the 2™ quarier of 99. Here also a
t audit is observed in the plot. if the same trend is observed in

eficial for the organization to be able to guote a baseline value



Bascline Report

8. T & D Metrics

8.1 DESIGNATION WISE FACULTY PRESENTATION SKILLS ANALYSIS IN i
QUARTER:-

Graph below shows that PL's and PM’s presentation skills are better than OTHERSs who have given
the presentation. Tius, it can be concluded that Designation has a positive impact on the way the
Faculty in .

Question gives the presentation. Experienced peuple should be motivated sa that they help others to
improve thelr presentation skills.

FACULTY TREND ANALYSIS

MEAN VALUE

E 2-22
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8.2 QUARTERWISE TECHNICAL COURSE DESIGN ANALYSIS: -

Graph below shows that course design is véry low in 1st quarter, then it increases in 2nd quarter

and then
Remain constant in third quarter. However, still it is not very good. Therefore befare designing it,
analysis should be made of attendees need and then only it should be designed.

TREND ANALYSIS OF TECHNICAL
COURSE DESIGN

MEAN VALUE

2
QUARTER |45
2 :

T

!—-
-
3 3
3 a

QUARTERLY DATA
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Extract of Baseline Report from Company B EXHIBIT 3

Quality Management System |
Baseline Metrics Report

" 1, Inwoduction of 1 Baseline Report:

The most importans goal of * - is 10 produce high qualiry system, application or 3 product. Ta
achieve this goal, is is essential 10 apply effective processes coupled walb @ well-defined
measurement process widiia the coatext of matuse sofiware and its velaled fncuonal process.
--_Funha.forcoaﬁnuwsimp:ovanws.ixisalsonecwwminsuummtmcprocssdadapmlor
. “sofiware development by means of an efficient soRware meic process. _
' In view of the above, an awempt is made, in this Meics Report which (ocus oa e baseline
. values of the mewics collecied and analysed for various groups within 7 :x. This is 8 quarierly
report, which coalains the metrics iniriative bappen during this time period,
The cbjectives and poals of this Metrics Report is not ooly (o camry oul measurement bul mose
, imporandy 10 cause significant augmenlation in the software product quality as well as e
organizalional produciivisy thro' a threc prooged Mewic process consisting of measurcmeat,
analysis of measurcment and the fecdhack sysiem. ' _

11 Evolution of Orgasizatin Metrics

Our Quality Palicy Statey ' .

We will ashieve customer satisfaction by produciag and providiag systems, products
and services that meet stated and implicd needs of the customer. Wewilldoso -

By providing leadership to drive the continuous quest for Quality at ™=

By developiag and nurturigg our human resources, recogniziag that these

are ceatral to ousr line of business and. o ‘

By following well-defined and continuously improving processes (0 easwie
. that we provide customer satisfaction coasistently,

Quality Policy Objcctive
© Timely Delivery ) H o
) ngh Quality Deliverables (Less mumber of Defects)
* Skill Profisicncy .
¢ Productivity .
» Continnes imp;qye_mengql‘ the above objestive
~ > 2 - e
, ) 1T :
Estima .‘ and P , Related Process o
+ Estumaiion roject Management (Schedule
* SDLC and Testing ( hod Effary)
o Training -
¢ Iaternal Audit
v L ‘ " __d
Related Metrics )

o Schedule Sli_ppage and Eflort Slippage
* Dﬁfmt Denslty' weigm Dcftﬂ Dcnsi!)".
Removal Efficiency -
Productivity T
> Traising Effectiveness, Averuge No. of Trainin |
- . . - gﬂom
* Specific Phase or Process wisc Audi Fiodiags, Project wise Wei : '
& Projectwise NCs Profile . - iglied Audit NCs Profile

Defect Removal Efficiency, Weighted Defest

it

E 3.1
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2. Baseline Value ;.

2.1

2.2

2.3

Bascline vislue is the mean value (simply ayerage) computed for the given disribution with both

canirol limits (UCL and LCL).

Upper Coatrol Limit (UCL) ;

The maxigum value till which the process can £0 in a controlled manaer,

Lower Coatrol Limit (LCL) ;

The minimum value tilt which the process can go ia a controlied manner,
Any value withip the lower und the upper conirol limit means the process is controlied

Standard Deviation(SD) ;
The variance found in the range of values for which the rules are as follows :

Rules for definiag the Control limits ;
Ifibe SD <=15% fmean value then the UCL and LCL = mcan +- 3 times SD (For a very

Tightly congralled process)
1£ 15% < SD <= 30% of meaa value then the UCL and LCL = mean 4= 2 times of the SD.

i£30% < SL <= 60% of mcan value thea e UCL and I.CL = mean +- ) fimes of the SD

1I£SD > 60% of meaa value then the UCL and LCL =mean -~ 0.5 times of the SD

This report covers in detail for all Project wise / Deparmment wise as per our selected set of metrics

collected analyzed and the baseling values for various groups.

3, Goals of Metrics

3.1

3.2

Estimation Slippage :
Schedule and edort dala has been collecied for the projecis, which have been campleted at /33t

* lhe ear 1996 OﬂWdS- . . . N
gﬂ’,’lmﬁn of data aa schedule and Effort for past.projects have been ceasolidated Group wise as
well as company wide. Tbe Goals of these two slippage are 0, Irespective of any group, Bug
still the base line value of Schedule and Effort Slippage has bees ideatified by the Top

management, based oa the past experience aod business needs

Schedule Slippage
Baseline Valug ; Wilhin +» 5%

Effurt Slippage:
Bascline Yalue : withio + <10 %

i ippage is high, because it was compared with the ariginal Planned
g&;ﬁeﬁgﬁ%ﬁm 2ﬁrpa»fim the latest planned start / end dates. This is because, during that

duration (hese process were ROL introd

Project Specific Metrics : . : .
This,ﬁojccf related metrics would be analyzed Group iwisc as per our Sizs model (e Clica -
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Server Model, Object Oricated Systems, Group-ware Projects and Conversion Typ? Projects) as
for both Productivity and Defect related Mewics Size is a main factor, which is very clear from the
following Definitions i.e.

Productivity ; Project Size/ Actual Effort
Defeet Deasity: No. of Defects/ Size

As‘pér . — Size Models there are 4 Groups of the following types:

e Clieat Server Model
¢ Objecz Oricnted Systems
¢  Group~-ware Projecis
o Conversion type Projects

The list of Projects 1a ¢ach group is given in the Annexure-1,

For all these groups the above meationed Melrics has been analyzed and the baseline has been
finalized.

With these the Training Effectiveness (for various types of tmg.) Meirics also analyzed and the
baseline values has been finalized and also the Internal Audit Analysis has been doae,

-4, Project Group wise Metrics Report

4.1
411

4.1.2

413

4.14

Client Server Model : ,

. Schedule Slippage s Ref. Fig. 1.1

Baselines .
Refer to Section 3. of this document.
Effort Slippage : Refl Fig, 1.2
Basclines
Refer to Section 3.1 of this document.
Productivity : Ref. Fig. 1.3 _
Prodgctivity is computed for the given projects mentioned in Annexure-] of this group. The
baseline value bas been identified. All the Project under this group can choose their own goal
based on the given conirol limits,

Table for Productivity
Mcaa Value ) 0.88 (CSFP / Mandays)
Standard Deviation 0.20
LCL = M-(2*SD) 0.43
UCL = MH2*SD) 1.29
Defect Related Metrics:

Table; Coawrol limit for DD, WDD, PRE and WDRE

Defect Density (Ref, Fig, 1.4 Weighted Defect Densie f fier
Meaa Value 0.17 Mean Value L g- ‘O\é‘,‘ﬂ
Standard Deviation | 0.07 Standard Deviation 0'04
LOL=MA1*SD) —T6.10 LCL = M-(1*SE) 0.04
UCL = MH(1*SD) | 0.4 UCL = M+1%SD) 6.12
Defect Removel Efficiency (Ref, Fig. 1. 6) WDRE (Ref. Fig.1.7)

Meaa Value 80.90 Mean Value 77.42
Standard Deviation | 7.21 Standard Deviation 11‘39
LCL = M-3SD) | 50.27 LCL = M{2*SD) 53.65
UCL = M+(3*SD) | 102.53 UCL = M+(2+5D) T 160.20

= B33 -
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Fir L} Cliant Server Modal Fig. 1.2 Cllent Server Modal
= Schedule Slipppage 6 Efort Slippage Metrics
33.00 _
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N Cllent Servar Mode!
Fig 1.5 \qighted Defact Donsity Metrics
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4.2 Object Oriented Systews ¢
4.21  Schedule Sippage : Ref. Fig 2.

Bascline: Ra:ﬁ:;' 10 Section 3.1 of whis document.
422 Effors Slippage s Ref Fig 2.2

Bascline: Refir (0 Secticn 3.1 of diis document

423  Productivity : Ref Fig 2.3

Basctine: Productivity is camputed for the given projects mentioned in Anacxure~1 of this group.
" The baseline value has been ideaiificd. All the Pro;un under this group can chooss their own goal

based on the given control limils
l’mducm iy
Mean Value 0.54 (OOSC/ Mandays)
Standard Devigtiva 0.08
| LCL = M~3*SD) 0.30
UCL = M+{3*SD) 0.77
4.2.4  Defect Relatwd Metrics:
2
.Table: Conwol limis tor DD and WDD
Defeet Deosity (Ref Fip 2.4, Weighted D foct Density (Ref Fig 2.3)
Mecan Value 0.24 Mecaa Value 0.11
Standard Deviation § 0.18 Standard Deviation 0.09
LCL = M-{0.5*SD) | 0.i4 LCL = M-(0.5*SD) 0.07
UCL = M+(0.5*SD) ] 0.33 UCL = M+0.5SD)) | 0.16
Fig, 2.1
f e . Cuject Crientad Systems
Y Gehedule Siippage Metrics [~ Schais Sepege]
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