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Quality is to be defined, measured and assessed with respect to
the extent to which stated or implied requirements are met !!!
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comparing actual measurement results g
required

Certification:

checking conditions and eventually iSsug;
uct: certificate

ftware comprising at least Measurement:
quirements, specifications ant 1, o5ing of an attribute onto real number

‘ogram(s) T
Validation:
s test against implied needs 1.e. assumptig
| Verification:
anned, controlled and reporte . . L
tions to construct, apply or test against stated needs I.e. specificatiq
aintain software product
Introduction
Ct: Software Process and Software Product
aned, controlled and reported Process Evaluation and Certification
‘ocess and product CMM, 1SO9000, TickIT, Trillium, ami, SP|

Product Evaluation and Certification
Fvaliiataors Giiide accordina ISO9126A



tion = verification + validation + measurement + assessment

nent of software
ess of comparing the values obtained from the measurements with quality requirements.

led software
nvare which is classified according to product, process and supportive information or other keys.

on or institution (e.g. producer, distributor, buyer, or user) who negotiates the evaluation.

tion module

psulation of the definition of an evaluation (sub-) method applied on product or process informati@r
sure software characteristics or subcharacteristics by applying metrics, checking pass-fail criteria,cd
Jation report and cost report.

tion level

rade which is defined by a set of evaluation techniques to be applied and the thresholds of qualityer
ined by those techniques.

entification of (subcharacteristics and) metrics and attachment of metrics to subcharacteristics and
ntance criteria hv selectina ratina levels for each metric and reference to é&uahiation method to he a
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n report

ocument of the software evaluation. It is filled up through the whole evaluation process and consisg
ion requirement, evaluation specification, evaluation plan and evaluation result.

n item
oeing evaluated.

d software
re which is identified by document identifier, title, condition, and of date of arrival as well as handlm

ment
ation of a metric for product quality or process productivity.

'nformation
5 obtained during the software process.

Information
5 constituting a software product or one or more parts of it.

» evaluation
s which comprises validation and verification, measurement and assessment of software.

ve Information
swhich are not evaluated but which are necegskairan evaluation.
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E ENTIRE POPULATION PROGRAI\/ISM

he early days of the telephone, they were employ
nany young women to act as telephone operators
someone calculated that, at then current growth rg
he number of operators required would quickly re;
he entire population.

e solution, of course, was to make the entire popy
)ecome operators. Every time you dial a telephog
re acting as your own operator.

imately, | don't know If we can do this with softwa
vhich Is substantially more complex than the usel;
nterface for the telephone.

course, we can try to generate application




vastes 38 Million GB£ on Military Satellite Trackir
I Daily Express Report (21/10/94)

- "'The specification did not reflect the true scopefc
nat was needed'

n Disasters can be Avoided'Computer Weekly Report (4

- 'Study showed that 44.1% of all system faults @y
pecification stage'

xmpanies spend over 1 Billion GBP per year on $
opriate to their Needs',Computing Report (16/11/95)

- 'Study claimed that systems do not perform as |j;



Inderstanding In systems requirements on the part of custor

)S between estimates of costs and time with actual expendr
lations In programmer productivity levels.
/ In dividing labor between design and production coding....

/ In monitoring progress in a software project, sice program
asimple progression in which each act of assembly represe
0}

)wth In size of software systems.

Imunication among groups working on the same project, ex
ydinated or unnecessary information, and a lack of automa
formation.

annceco nf Adovalnnina nn2line nradiictinn ~nantrnl tnnle



/ of measuring key aspects of prgrammers and system perf

N among software developers of not writing systems for pee
ite new and better systems... makes it difficult to predict ant

wth In the need for programmers and insufficient numbers
skilled programmers.

r of achieving sufficient reliability ... In large software systen

1ce of software on hardware, which makes standardizatiorf
oss different machines.

nventories of reusable software components to aid in the o

maintenance costs often exceeding the cost of original syst
1.

'm List in Software Development (In 1968 NATO /Naur91/ formulated fifteen difficulties in developil
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.nswers the questiod/here are we going?or
What do we want to be when we:

nswers the questioWhat are my guiding principles?c
What will | do or not do to achiever

Answers the questioMVhy do we do what we do or

Answers the questioM/hat do we do to achieve
the vision In the short and Iong,

Answers the questiohat are the enabling approac|
to ensure achievement of the mie
in light of our vision, values and
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hat are our overall
visions, values, purposes, objectives, strategies, andj

Answers the question:
hat are the artefacts and sub-artefacts to be considered an
what are the relations among

Answers the question:
hat are the actions and sub-actions to be considered and
what are the relations amongst theny

Answers the question
hat are the methods to be used
w.r.t. goals, products and processes?

Answers the question:
hat are the tools to be used w.r.t. to the other problem dom

Answers the question:
'"hat ara 'I'harlarilccilnn rnla\lanfnhgrgnhfnlilcfilr\c Nnf nradiirte ane



Quality Is free If build In.
1-Quality will impose lifetime supp

ity costs, Bad-Quality costs even

And the trouble Is,
don't risk anything, you risk even,
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/ Quality Assurance of systemin terms of

! validation,

verification,

test,
measurement,

and assessment
of acts
artefacts,
and
\ states

infiguration of
application system and
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System
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Cumulative Cost

A
r/f-— Progress
—\ through

steps

Evaluate alternatives
identify, resolve risks

Determine
objectives,
alternatives,
constraints

Risk
Analysis

Risk
Analysis

Operational
Prototype

Risk
Analysis -

-

b | P
_ I/-—""_- Risk “‘\ Prototype 2
Commitment Analysis | Prototype

—

Development plan————_|operation —- requireme

artition oo ==---__L_____  Sirdulations, models,benchmarks
Y \ 1\\_1 concept of _.f’ééftware h;j_( —— )

: Detailed
Reguwgments Software design
Integration validation oroduct - -mm- oo
and test design

Design validation

plan e
and verification

Unit
test

Integration
and test

Acceptance
test

Implemen-
tation

Plan next phase
Develop, verify
next level product
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[ Software Metricati

ve Development Pl
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é .
Evaluatio

product
process
project

Conditions - Constraints - Contro

guality requirements
regulations
laws

l

Evaluatio

Objects |—| Process| .

planning
conducting
controlling

reporting

Resources & Support

evaluation method
product and process metrics
assessment criteria and procedure
instrumentation and environment conditions

/Evalw
Produ

process report
metrication repp

assessment repé

" —



‘atertall IVl odel - Basic requirements, then design, then code, and t
oNd Model - code and ideas stagnate and grow other life forms.
'ater Fountain Model - same as pond model, though looks prettj
rehose Model well focused effort on putting out fires.

dilet Bowl Model - combination of Spiral and Waterfall models. Us
ve problem with things that don't flush.

Tunderstorm Model - Loud, noisy and dangerous. Usually results
)oding with developers moving to higher ground.

drnado Model - Faster implementation of Spiral Model, usually wipe:
velopment staff.

urricane Model - close attention paid to tracking its course, though
n predict when it will arrive.
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>d and when are they measured (early on in
ment process or merely in the testing phase

1etrics are used to measure quality aspects
f Code, number of Function Points, complex

» measurement results used for prediction of
f the final product;

» measurement results used for process
ment;

1ethods for process assessment (and
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S a set of standards which provides detailegeneric models of quality assuy
nies can go through a certification process which compares the system ag
d. When challenged by ISO requirements, all employees may be involvex
e and document the processes they use to deliver quality. It gives us a feg
lity management. The series of standards was first published in 1987.

ly, ISO 9000 requires us to document what we do -- and do it.

itionally accepted standard

ompany involvement, epecially by management

ation and documentation of common sense

gboard" for managing more effectivey

tration technique establishes copliance and involves an assessmeny lan outside oganiz:
uous improvement and conpliance checked ever 6 months. Re-rgistered evey 3years.

result in smoother develpment, reduction of time & cost to market, & better communica
orojects and departments.

00 and SEI Caability Model are conplementary.



Iment and Data Control

hasing

rol of Customer Supplied Product
uct Identification and Traceability
ess Control

action and Testing

coming materials shall be inspected or verified before use.

-process inspection and testing shall be performed.

1al inspection and testing shall be performed prior to release of finished product.
xcords of inspection and test shall be kept.

rol of Inspection, Measuring and Test Equipment

action and Test Status

rol of Nonconforming Products

ective and Preventative Action (now includes Continuous Improvement)
ling, Storage, Packaging, Preservation and Delivery

rol of Quality Records

nal Quality Audits

1ing

Icina



Is of about 30 internal and external audits of the customer services componente
the following breakdown of non-compliances or observations against clauses:

S0O9000 frequency

Control of Quality Records

Corrective and Preventative Action

Document and Data Control

Handling, Storage, Packaging, Preservation and Delivery
Control of Inspection, Measuring and Test Equipment
Design Control

Process Control

Management Responsibility

Training

Control of Nonconforming Products

Contract Review

Product Identification and Traceabillity

Statistical Techniques

Servicing

Quality System
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\ formal organization
>rovisions for planning
>rocedures for key activities
Juality records

System review and corrections

—
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Software Engineering Institute (SElI),
Carnegie Mellon University, USA (for US DoD)

November 1986 SEI with assistance of MITRE
began work on a method of assessing and improving
SOFTWARE DEVELOPMENT PROCESSES

September 1987 SEI released:
Process Maturity Framework and Maturity Framework

August 1991 SEI released:
Improved Capability Maturity Model for Software



Maturity Level Questia,

contains

indicates

(

Key Process Area (KPA)

icess Capability

cand
for

contains

achieves
-

Key Practice

Goals

describes

Implementation or :
Institutionalisation Key |ndICatt
ACtiVitieS N ——




Op“ m|Z|ng Process change mar
Technology inn
/ Defect pre
continuously
| improving
process

Managed

Quality mana
Process measurement am

/ Dredictablo™

(
process : .
Peer reviews, Intergroup coo!

Defl ned Software product engi

Integrated software maq.
{@dard

Training p
Process definition, Proce
consistent
process

Software configuration man:
Software quality as
Software subcontract man

‘ Software project tracking and ¢
Software project planning, Requirements nte

Repeatable

7 disciplined
process

Initial )




anning
Imates are documented for use in planning and tracking the software project.
Jject activities and commitments are planned and documented.

ups and individuals agree to their commitments related to the software project.
-acking and Oversight

ts and performances are tracked against the software plans.

ctions are taken and managed to closure when actual results and performance deviate
1S.

ftware commitments are agreed to by the affected groups and individuals.

iIct Management

ontractor selects qualified software subcontractors.

ontractor and the software subcontractor agree to their commitments to each other.
ontractor and the software subcontractor maintain ongoing communications.

ontractor tracks the software subcontractor's actual results and performance against its ¢
ssurance

ality assurance activities are planned.

f software products and activities to the applicable standards, procedures, and requirenig

ups and individuals are informed of software qualityassurance activities and results.
nce issues that cannot be resolved within the software project are addressed by senior &
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ss Definition
software process for the organization is developed and maintained.

related to the use of the organization's standard software process by the software projeg
ade available.

Ivities are planned.
developing the skills and knowledge needed to perform software management and tecky

n the software engineering group and software-related groups receive the training necess
es.

2> Management

s defined software process is a tailored version of the organization's standard software pj§
Is planned and managed according to the project's defined software process.

‘ngineering

2 engineering tasks are defined, integrated, and consistently performed to produce the 8¢
rk products are kept consistent with each other.

\ation

¥'s requirements are agreed to by all affected groups.

ments between the engineering groups are agreed to by the affected groups.

Ing groups identify, track, and resolve intergroup issues.
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[x=1(mitial (1) )]
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determine % of YES respon
to
level (X+1) Questions
level (X+1) Key Questions

v
K\(es-Rate of
All Questions >= 80 %

and

Given 1987
Questionnaires of 101 (yes/no)
Given 1991

Questionnaires of 100+ (yes/no/does not apply/j
.|

QUALIFIED
> at

Is Yes-Rate of
Key Questions >=90 %
2

IX =X+ 1]

Level X+1

| THE ENg






"ed: The development process is adhoc. Projects frequently cannot meet©
ss, while possible, is based on individuals rather than on organizational inf

2 and Project Oriented: Individual project success is achieved through stror
olanning and control, with emphasis on requirements management, estima
management. (Risk - Medium)

id Process OrientedProcesses are defined and utilized at the organization
nization is still permitted. Processes are controlled and improved. 1ISO 900
d internal process auditing are incorporated. (Risk - Low)

ind Integrated: Process instrumentation and analysis is used as a key meac
Process change management and defect prevention programs are integr:
re integrated into processes. (Risk - Lower)

jrated: Formal methodologies are extensively used. Organizational reposit
history and process are utilized and effective. (Risk - Lowest)



QP HRE  Process MMgmt A DF DE C:
Capability Areas

‘ganizational Process Quality, Human Resource Development and Management, Process, Manage

av/alnnmant Drarctirace Navialnnmant Envirnnmant Crictnmar Qiinnnrt



Process

Is
subjected
to

Identifies
uitability of

|dentifies
changes t

v

Process
Assessment

‘///////1;;;;/ \\:;;EE\\\\\\*
to to
Capabillity

\Determination

Process
Improvement
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an entry point into this International Standard. It describes
f the suite fit together, and provides guidance for their sele
explains the requirements contained within the Standard ar
bility to the conduct of an assessment, to the construction
)n of supporting tools, and to the construction of extended |
ed processes are processes which include base practices .
lefined In the part 2 of the Standard, or which are entirely n
ses, for example to meet industry specific requirements.

this International Standard defines, at a high level, the
1ental activities that are essential to software engineering, ¢
INg to Increasing levels of process capability. These baselir
» extended, through the generation of application or sector !
2 guides, to take account of specific industry, sector or othe
ments.



this International Standard defines a framework for conduc
ment, and sets out the basis for rating, scoring and profiling
ities.

this International Standard provides guidance on the condt

‘e process assessments. This guidance Is generic enough |

ble across all organizations, and also for performing asses

| variety of different methods and techniques, and supporte
range of tools.

this International Standard defines the framework element:
d to construct an instrument to assist an assessor in the pe
ssessment. In addition, it provides guidance to acquirers ol
selection and usabllity aspects of various types of assessn
lents.



| and experience of assessors that are relevant to conducti
ments. It describes mechanisms that may be used to demc
lence and to validate education, training and experience.

this International Standard describes how to define the inp
e the results of an assessment for the purposes of process
ement. The guide includes examples of the application of p
ement In a variety of situations.

this International Standard describes how to define the inp
e the results of an assessment for the purpose of process ¢
Ination. It addresses process capabllity determination in bo
[forward situations and in more complex situations involving
Icted or future capability. The guidance on conducting proc
Ity determination Is applicable either for use within an orgal
rmine its own capability, or by a acquirer to determine the c

ytential) supplier.
a consolidated vocabularv of all terms specificallv defined 1
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Level 3
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Level 1
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» product qualrty It can be used by purchasers users producers and mder
rs who wish to evaluate the quality of software products.

's guide Planning for software measurement is applicable to all audiences.
uations are to be done, planning is important. This part gives guidance o
/are measurement and provides an example of a plan.

I's guide The Developer's guide is intended mainly for use during software
ance. It focuses on the use of those indicators that can predict end produg
liate products developed during the life-cycle.

juide The Buyer's guide focuses on the evaluation of comparable software
¥s who need to select one for specific use. The buyer's guide introduces
f quality characteristics defined by ISO/IEC 9126-1.

r's guide The Evaluator's guide is intended for those who perform indepen
nally. Often they work for third party organisations. The Evaluator's guide
Ing the set of quality characteristics defined by ISO/IEC 9126-1. It also des
Jal issues relating to third party evaluation.

)n module guideThis part provides guidance for developing, documentingv:
)n modules. An evaluation module collects together quality characteristics
2nt techniques.



yeatability: Repeated evaluation of the same
‘oduct to the same evaluation specification b
le same testing laboratory gives the same re

yroducibllity : Repeated evaluation of the saf
‘oduct to the same evaluation specification b
fferent testing laboratories gives the same r¢

dsartiality : Evaluation is free from unfair bias
wards achieving any particular result.

|ectivity: The evaluation result is obtained wi
e minimum of subjective judgement.
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software quality infg
l.e.
characteristics
sub-characteristics
sub...sub-characteristics
metrics

software product In
l.e.
requirements specification
system specification
programs

software evaluatioy
l.e.
verification method:;
validation techniqug
measurement proced
assessment methqg

software

evaluation

software process in
l.e.
management report
guality assurance report
project file

evaluation = verification + validation + measurement + assessmen



UATION LEVEL D
ety risks

dnomic risks
olication domain
hniques

UATION LEVEL C
ety risks

dnomic risks
olication domain
hniques

UATION LEVEL B
ety risks

Jnomic risks
olication domain
hniques

UATION LEVEL A

ety risks
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thoroughness
of
no impact evaluation
small loss
small office automaton, entertainment, household

inspection of important features, some program metrics

few people disabled
company affected by loss
fire alarm, process control, financial systems

inspection, black box testing, selected program and specification metrics

some people killed
company endangered by loss
fire alarm, process control, financial systems

inspection, black box testing, glass box testing, program and specificatiof,

many people killed
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- the definition of one or more atomic
evaluation procedures applied on produck @y
process information in order to measure
software characteristics or sub-
characteristics,

- the attachment of metrics and evaluation
levels to those characteristics,

- the assessment procedure to be applied it
particular evaluation level,

- the format for reporting results and costs.
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ntainability

to be collected

ollected are the following:
anability check-lists:

TEM or SUB-SYSTEM Descriptio
jh-Level Specification Description,

Ih-Level Design Description, Part C §._

scription.,

JULE Description Part A - Low-
fication Description,Part B - Low-
In Description, Part C - Low-Level
iscription, Part D - Low-Level
scription, Part E - General Descripti

JULE Implementation Multiplicity,
APOUND MODULE Cohesiveness,
"ABASE FILE Description

» following metrics are needed:
Prime, Nesting, Product VINAP

following metrics are needed:

.

Terminology used:(just one exampldylodule: A N

single logical item which is used with other logicamt
software subsystem. The definition of a module is ¢
language. Here are some examples of modules fey
languages:FORTRAN - function, subroutine, procg

program,Pascal - function, main program ary
BASIC - subroutine and main program, C
dbase - procedure, functions CORALG66 -

main part of segment, PROLOG - procedure, C
procedures, programs

The product level decision for determining the maintal

whole product is dependent on the number of sog)
which pass the pass/fail criteria set out above. Té
product level assessment for maintainability are:

Assessment Level Required Pass Percentage,

A 90%
B 70%
C 50%
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ces. Actual Score: Maximum Possible Score: 8 If Q-tool and L-tool are available then the pass/faik

xcore:
availablethen the pass/fall criteria are: PASS
If LENGTH <= 60 .and.
=60 .and. NESTING <=5 .and.
<=5 .and. BIGGEST PRIME <=5 .and.
RIME <=5 .and. MAINTAINABILITY CHECK-LIST <= 40% .and
IABILITY CHECK-LIST <= 40% .or. STATEMENTS <= 46 .and.
- 69 .and. LANGUAGE LEVEL <= 6 .and.
=5 and. INFORMATION CONTENT <= 83 .and.

°RIME >=5 .and.
IABILITY CHECK-LIST <= 40% .and.
If

)rection of module source code reveals a CASE
ICct.

availablethen the pass/fail criteria are:

JABILITY CHECK-LIST <= 40% .and.
NTS <= 46 .and.

>E LEVEL <= 6 .and.
TION CONTENT <= 83 .and.

.Orl.

PENDING NODES <=2

PVINAP <= 69 .and.

NESTING <=5 .and.

BIGGEST PRIME >= 5 .and.
MAINTAINABILITY CHECK-LIST <= 40% .and

manual inspection of module source code reve:
type construct. .and.

STATEMENTS <= 46 .and.

LANGUAGE LEVEL <= 6 .and.
INFORMATION CONTFENT <= 83 and



Conduct of Work Requirementsj
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ng Procedures of Testing Laboratory

Guide 25 a number for requirements for working procedures of testing
tories)

ality System of the Testing Laboratory should includeg-

¥al quality procedures

ity assurance procedures specific for each evaluation

back and corrective actions whenever evaluation discrepancies are detiggt
edures for dealing with complaints

1dling of Test Items must include rules for:
identiality and Security



A. SPECT cal on O tne evauat on
1. Identification of the Parties
2. Identification of the Product
3. Purpose of the Agreement
4. ldentification of Evaluation Procedure
B. Conduct of the Evaluation
1. The client's Obligations
Provisions regarding delivery of software and associated information
2. The testing laboratory's Obligations
a. Duration of Evaluation
b. Qualifications of Evaluation Staff
c. Conduct of the Evaluation
C. Evaluation Report
1. Presentation of the Results/Format of the Evaluation Report
2. Dispute Resolution Procedures
3. Use to Which the Report May be Put
4. Resubmitting of products/Testing of New Versions
D. General Legal Terms and Conditions
1. Confidentiality
2. Intellectual Property Issues
3. Exclusion/Limitation Clauses



Submitting the
software product
for certification *

Analysis
of the
roduct

Agreeing on the
evaluation

requirement *

Producing the
evaluation
specification

Estimating the
evaluation cost *

Selecting bricks
according to
evaluation objectives

Producing the
evaluation plan

Performing
the
evaluation

Reporting on
results and
recommendations

Agreeing
on the initial
estimate of cost *

e Library
of
technique
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ication
\dards
nd

lations

product
and

process

Information

/evaluation
technique
know
how

v v v v
Sin e . :
YS9 specifying designing conductin
litions
nd the the the
i evaluation evaluation evaluatia,
\' \' \V} I
: a : a 4 . a 4 .
tion | evaluation | evaluation | evaluatia
ements i specification i plan i results
d i.e. d i.e. d i..e. .
stics characteristics methods for metrication
| levels a and a verification, a and
S { product items t validation and t » assessment
lities : to be evaluated, . measurement . results being
jht be I process evidence I and their | > obtained I
0] required 0) application plan 0] in the
n N n evaluation

/ the testing laboratory

reporting on the evaluati




t ask testing laboratory to produce evaluation requirements client provides evaluation requireme

¢ Testing Laboratory or Client decided to Withdr}aW
v

Evaluation Requirements

Testing Laboratory and Client agree
or Dispute Resolution Procedures are invoked

Laboratory and Client negotiate on resp. Testing Laboratory conducts the development of the Evi

» | Testing Laboratory or Client decided to Withdr}aW

\
Evaluation Specification

Testing Laboratory and Client agree
or Dispute Resolution Procedures are invoked

Laboratory and Client negotiate on resp. Testing Laboratory conducts the development of the Eve

B
=

>| Testing Laboratory or Client decided to withdr

v

Evaluation Plan k<> Testing Laboratory and Client agree
or Dispute Resolution Procedures are invoked

Laboratory and Client negotiate to conduct resp. Testing Laboratory conducts the Evaluation and

B
=

>| Testing Laboratory or Client decided to withdr

\
Evaluation Report

Testing Laboratory and Client agree or exhaust appeal procedures

Evaluation Requirements Synchronization
of

Evaluation Specification .
technical
g : acceotace teSt | [ Fvaluatinn Plan I and




USE FACTOR CRITERIA

—pp- ACCURACY =~
i

RELIABILITY
\ COMPLETENESS———
EFFICIENCY
OPERATIO —
—

CONSISTENCY
USABILITY

\: ....... -

—
MAINTAINABILITY < """" —
....... .

ucT REV|S|0N<:
TESTABILITY > LEGIBILITY —>
\ STRUCTUREDNESS —%~
....... .

PORTABILITY —>
TRANSISTION< T e ——

REUSABILITY I IIEY —




" A set ¢ attnbutes hatbear on he &ility of sdtware tobe transerred from one enwvonment ¢,
istics:adaptability, conformance, installability, replaceability = acir

A set of attributes that bear on the relationship between the level of performance of the s
sources used

istics:resource behaviour, time behaviour = rt

A set of attributes that bear on the capability of software to maintain its level of performay
r a stated period of time

istics: fault tolerance, maturity, recoverability = fm

ity A set of attributes that bear on the existence of a set of functions and their specifiegy
' those that satisfy stated or implied needs

istics:accurateness, compliance, interoperability, security, suitability = aciss

\ set of attributes that bear on the effort needed for use and on the individual assessmeit
lied set of users

istics:learnability, operability, understandability = lou

biIity A set of attributes that bear on the effort needed to make specified modifications

1etire anal\l7aH|if\l nhannnal'islihl cfahili'hl fncfghili'hl — arct



.3

usability .1 efficiency .2
3 understandability .2 time behaviour .6
rance .4 learnability .4 resource behavi ‘
bility .3 operability .4 ——

:il,ltg/ . maintainability .05 portablhtY .05
eness .3 analyzability .25 adaptability .1
erability .2 changeability .25 installability .2
ance .1 stability .2 conformance .3;
y .2 testability .3 replaceability .44

'\

metrics \ factors maturity |  fault tolerance replaceability

text metrics

control flow metrics

data flow metrics

state trans metrics

annotation metrics

correctness metrics
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poor

ex-
cel-
lent
ex-
Cel_ ........
lent
ex-
cel-
lent good
ex- .
cel- good : fair
lent
good fair
good fair poor
fair poor
........ - poor

Evalle
© 1998 Hans-Ludwig

l.e.

for each me
we get
three thresclg
each level
and

two extrend

or

we have tdj
all metricsv
evaluatio

onto the 1@

ranking Cﬁt




IICCOUUOLU U UL IIHU Il 1.

a) assessment of “goodness” of one measuremen

D) assessment of “goodness” of aggregated meas

1+ ub upper bound

measurement result

+1b lower bound

me-fct(software system attribute) a .= some-fct(ubn



up SMr>Siuo  tenlese
lb S mrSlub then 1-(cos(mr-llb,ulb-mr) / ((ull-
Ib S mrSlub then 1-(sin(mr-lub,uub-mr) hb-Iu

p

| |




/

DN /

products of products of products of products of products of products of
type t.a type t.b type t.c type t.x type t.y type t.z
metric.a metric.b metric.c metric.x metric.y metric.z

actual value actual value actual value actual value actual value actual value

metric.a
reg. value

metric.b
reg.value

metric.c
reg.value

metric.x
reg.value

metric.y
reg.value

metric.z
reg.value

f( distance.a distance.b distance.c ' distance.x distance.y distance.z




< program modularity, specification modularity,

rogram modularit

data

definitions
per

module

req. value:....7.....
act. value:....1.....

permitted
distance....... 3.

Modularity

specification modularit

application modula >

application mog

dp object
per

dp spec

module

req. value:....7.....

act. value:....9.....

permitted
distance........ 2....

dp function
per
dp spec
module

req. value:.....7....

distance.......... 3...

req. value:.....7.... req. val
act. value:.....5... act. val
permitted permitt

distance........ 2....

distan(e]



I-du-Paths (ADUP)
I-Uses (AU)
I-p-Uses/Some-c-Uses (APU + (
I-c-Uses/Some-p-Uses (ACU + |

I-c-Uses (ACU)
I-Definitions (AD)
I-p-Uses (APU)
ranch coverage (AB)

‘atement coverage (AS)
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od Complexity « Number of Direct

nce Variables Subclasses

ber of Methods e Total Number of
L. Subclasses

od size In source

e Method Access

. Permissions

od Size in byte

S e Method Comments

s Heirarchy Depth | ® ¢lass Comments
 Total Number of

L/ A\ 1 /C lppnr-l- AlAa~~-
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, Measurement of SW-SYS 1 l measurement of SW-SYS 2 measurement of compose

11 =77777 loc text length 12 =55555 loc

cfcl =17 path/prg cf complexity cfc2 =11 path/prg

dfcl =7 uses/definition df complexity dfc2 =5 uses/definition

stcl =5 functions/transition || st complexity stc2 = 7 functions/transition
rancl = 3 vocables/sentence || an complexity anc2 = 5 vocables/sentence

? volume v2 = ???

Program type t2= Assembler-Program

? illity 12 = 77?7

? quality g2 = ???

ql) = 87.654.321,50 DM cost C2=12(g2) =12.345.678 DM

textlength I3 = I1+12 7?7

cf complexity cfc3 = cfcl * cfc2 ???
df complexity dfc3 = dfcl ** dfc2 ?7?
st complexity stc3 =stcl + stc2 ?7??

 m——_—— —_——a I Yalalalal




-SYS 1

W abstraction

,measurement

=77777 loc

cfc =17 path/prg

dfc = 7 uses/definition

stc = 5 functions/transition
anc = 3 vocables/sentence
P

’rogram
)]

t(cfc,dfc,stc,anc,t,...) = ???
stfct(q) = 82.500.000,00 DM

]

SW-SYS 1




rit, HA) the set d al suosets 6 A, ard letZ be he s
items, with relations R, ... , R and operations,q,...

rit.

11y =t Rcl.r’ Oa.l’"” Odl.t

210 s B Opgpeeey Oy
4 -3 R, 0.0, Q
ng
N

norphic mapping

Is called an emperical rel
IS called a numerical rels;

IS called a rational relativ
m: PA) —> Z isar

dAXA—>Z Isar

S: A —>7 1sag

cost and benefit requires the mapping of A onto a rationalv



aLivi vl aosuaicio alliappyiliyul aosuvaicll 1ty 1Locll.

scalels a scale whose permitted transformations are onlgrig
ons.

Se permitted transformations an®notonic increasingis an or
c Increasing transformation of a scale h is of the fdrmm>f(h),
onic increasing, real-valued function.

se permitted transformations goesitive linearis aninterval sc
ar transformations of a scale h are of the far> alh + b, w
a, bl .

se permitted transformations are only $simailarity transformat
0 scale Thereby the similarity transformations of a scale h ¢
wvherea >0 and all L.

es, interval scales, log-interval scales and ratio scales are &

5 possess a hatural unit in addition to the fixed enat, they a
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[ ap-activity fId)W

)-activittes—> ap-documgents

>[ activity flow metrics}

ap-document ]now

'[document flow metric

»[ap state transition me

[ ap-state-transiﬂtiun

ap annotatio}l

>[annotation text metric

!

dp-control fIdJVV

'[req. specification text

’[ activity flow metrics}

dp-object flow

'[object flow metrics}

dp annotatioﬂl

.[dp annotation text me

* i

prg-control fleyov

b[sys spec text metric}s

data structu
‘/V

program execution states

'[prg control flow metw

prg-data f|OWv
bl

>[prg data flow metric}s

»[prg state transition «

[prg-state transikier

'[ pra annotation text me

proaram an notb



= #e - #n + 2*(#p)

ites the complexity of a program (‘cyclomatic number comp!
e control structure represented by a graph G

ber of edges in the control graph

ber of nodes in the control graph

ber of connected components




- tnod ) * log(ndor + ndod ) = Volume
nod /2*ndod = Density

nod * (tnor + tnod ) * logndor + ndod ) / 2*ndod

ming effort

ier of distinct operators appearing in a program

der of distinct operands appearing in a program
wumber of occurences of the operators in a program
1umber of occurences of the operands in a program
logarithm

resented by T after the conversion to time units:

ming time of a program in seconds
umber, mean number of elementary mental
1ations in the vocabulary,$S< 20 per second, usually S =18



OW measurén a module m INFO = (fi * fo)?

1ation measuré a module m INFO-LOC _=LOC__ * (fi * fo) -

, fo-fan-out of a module, LQC-# lines-of-code of the module m
ow measure for all modul@sa call graph
. R \\ 2
INFO = 1oy _n(i(1) * 10(1)) %
umber of modules

1ation measure for all modulé@sa call graph
INFO-LOC =+ ._, LOC_* (fi(i) * fo(i

umber of modules in a call graph



specification states for which requirements states fulfilment is verified / specification states
program execution states for which specification states fulfilment is verified / program execution states

programs symbolic executed correctly / programs

code predicates / code predicate variables

procedures / code predicates

(code variables - code predicate variables)/ code variables
procedures / variables

functions / data

activities / objects

activities / functions

objects / data

functions / procedures

data / variables

control flow complexity of the programs

data flow complexity of the programs

control flow complexity of the specification

data flow complexity of the specification

control flow complexity of the requirements specification
data flow complexity of the requirements specification
module connection complexity of the programs

module connection complexity of the specification

module connection complexity of the requirements specification
min(data-to-variable-links) / max(data-to-variable-links)
min(function-to-procedure-links) / max(function-to-procedure-links)
min(object-to-data-links) / max(object-to-data-links)
min(activity-to-function-links) / max(activity-to-function-links)
test predicates / test predicate variables

procedures / test predicates

(variables - test predicate variables) / variables

procedures / test predicate variables

(variables - test predicate variables) / test predicate variables

efficiency
transactions / (data processes per transaction -times- transactlons)

Frmimmamnatimma | firmaAadAdiidlAa AAllA mAv dvAamAaA At~ EHZC NN tvrmiman ki~~~

(
\

M.1 = mod
M.2 = mod
M.3 = mod
M.4 = mod

redundancy M.5 = mod

R.1 = repeatable modules/ modules M.6 = mod

R.2 = reproducible data capsules/ modules M.7 = mod

R.3 = logged transactions/ transactions M.8 = mod
M.9 = mod

integrity

.1 = edited system input data items/ system input data iter

.2 = edited system output data items / system output data i

generahty

G.1 = application independent modules / modules

G.2 = application independent procedures / procedures

G.3 = application independent variables / variables

G.4 = application independent functions / functions

G.5 = application independent data / data

G.6 = application independent activities / activities

G.7 = application independent objects / objects

portability

P.1 = environment independent modules/ modules

P.2 = environment independent procedures / procedures

P.3 = environment independent variables / variables

P.4 = environment independent functions / functions

P.5 = environment independent data / data

P.6 = environment independent activities / activities

P.7 = environment independent objects / objects

test coverage

TC.j.i = programs C.i tested/programs
TC. ... = programs C. ... tested/programs
TC.k.i = modules S.i tested/ modules
TC. ... = modules S. ... tested/modules

inspection coverage

IC.1 = programs accepted after inspection / programs



specification states for which requirements states fulfilment is verified / specification states
program execution states for which specification states fulfilment is verified / program execution states

programs symbolic executed correctly / programs

code predicates / code predicate variables

procedures / code predicates

(code variables - code predicate variables)/ code variables
procedures / variables

functions / data

activities / objects

activities / functions

objects / data

functions / procedures

data / variables

control flow complexity of the programs

data flow complexity of the programs

control flow complexity of the specification

data flow complexity of the specification

control flow complexity of the requirements specification
data flow complexity of the requirements specification
object connection complexity of the programs

object connection complexity of the specification

object connection complexity of the requirements specification
min(data-to-variable-links) / max(data-to-variable-links)
min(function-to-procedure-links) / max(function-to-procedure-links)
min(object-to-data-links) / max(object-to-data-links)
min(activity-to-function-links) / max(activity-to-function-links)
test predicates / test predicate variables

procedures / test predicates

(variables - test predicate variables) / variables

procedures / test predicate variables

(variables - test predicate variables) / test predicate variables

efficiency
transactions / (data processes per transaction -times- transactlons)

Frmimamnmtimnma | fTAalhiaAadr AAllAa mmAv dvAammAanAbiAnm ETEC NN dvmimmm At AR

€
<

M.1 = obje
M.2 = obje
M.3 = obje
M.4 = obje

redundancy M.5 = obje

R.1 = repeatable objects / objects M.6 = obje

R.2 = reproducible data capsules/ objects M.7 = obje

R.3 = logged transactions/ transactions M.8 = obje
M.9 = obje

integrity

.1 = edited system input data items/ system input data iter

.2 = edited system output data items / system output data i

generahty

G.1 = application independent objects / objects

G.2 = application independent procedures / procedures

G.3 = application independent variables / variables

G.4 = application independent functions / functions

G.5 = application independent data / data

G.6 = application independent activities / application activitit

G.7 = application independent objects / application objects

portability

P.1 = environment independent objects / objects

P.2 = environment independent procedures / procedures

P.3 = environment independent variables / variables

P.4 = environment independent functions / functions

P.5 = environment independent data / data

P.6 = environment independent activities / activities

P.7 = environment independent objects / objects

test coverage
TC.j.i = programs C.i tested/programs

TC.... = programs C. ... tested/programs
TC.k.i = objects S.i tested/ objects
TC.... = objects S. ... tested/ objects

inspection coverage
IC.1 = programs accepted after inspection / programs
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'S can map thelr proposed developments to

- o O(KDSI B

= programmer months effort

= complexity coefficient

= complexity exponent

= estimate of thousands of delivered lir

ity Level « 3
on 2.4 1.05

3.0 1.12
26 120




= T L{ o(y,(code),p,(specs)ps(req

| o: [ X X

E - L], . SPECS- [, 3. REQS—> ,

= 1.75[ #locode + #lospecs + #

>company

= o [{ #lines-of-code § Effort-Estimate, o.noins= YL #Unct
where #function-points = f(#lorec




st / nfr = hoursreqspec .5 hoursreqspec???

hours/reqspec post-requirements-specification time are required to fully impleme
lirement spec

It = post-requirements-specification development time
it = sum of design, implementation, testing, and documentation hours
= number of functional requirements in the requirements specification

st/ prsdt = = 1/4 77?7

‘equirements specification time / post-requirements-specification development tiry

‘her words:

0X. 7 requirements specs per week can be fyllly
Iplemented, tested, documented, elgredue

nds upon the lifecycle model being used, ofcourse)

- Requirements specs are written according IEEE SRS standard




S = S/ NMr = noursregqspec =s noursreqspec: < 7
= software specification time
= time for writing, testing, documenting software specification

= number of functional requirements in the requirements specification

ss=rst/sst = 1/ =1/2 ?7?7
= requirements specification time / software specificatij

X =ect/nfs = hours/swspec = 3 hours/swspeg

= executable code time
= time for writing, testing, documenting executable code
; = number of functional specifications in the software specification

ac=sst/ect = 1/ =1/ 2 7?77

requirements specification time / executable code development time




L/ ntr, prsqgat nfr, prcndt / ntr , prspmt ntr,

rsqat/ nfr, rcmdt/ nfr, rspmt/ nfr >
st-requirements-specification development time
st-requirements-specification quality assurance time
ost-requirements-specification configuration management time
)St-requirements-specification project management time
Juirements-specification quality assurance time
aquirements-specification configuration management time
Juirements-specification project management time
umber of functional requirements in the requirements specification
Jprsdt =1/ to.ga =rst/prgat =1/
[ prscmt =1/ t.o.pm=rst/prspmt=1/_

f development ratio

f quality assurance ratio
configuration management ratio
f project management ratio
aments specification time

e Representations: I



red Feature Points/ Staff Month

- 2.0
as - 1.6

-1.4

< 1.0

red defects/ Feature Point

- 0.3
as - 0.7

- 0.8

> 1.0



trics for

am text

ication text

“ements text

ation text

natural language documentation text

be measured according to the

the language the text is written in
measured according to the gramnfas,
rogramming language the ’

equency might be measured)

;to be measured according to the

the basic components the graph is build With,
IS measured according to the edges, nod
nposition rules

Jirected graph the

nodes,

‘es and nestings,

requency might be measured)

Graph metrics for
- control flow graphs
- data flow graphs
- state transition diagrams
- module interconnection graphs

Check-listsfor obtaining
- alternative evaluation answers
- multiple choice results

g [ &>




ment ( This program is an implementation of specification SPEC29. );
face( arguments, results, transients );
arations ( alphabet, data, procedures, modules, objects);
(a, b); subtract( d, c); multiply ( m, n); divide ( x, z);
(a); is-equal( a, b ); is-less-thar( c, d ); is-greater-than( d, e );is-element-of e, E ); i i i b
nd- . _ . II| |II| |I||I |I| I|I| I| |II I il || | ‘ m“m”
nd-to( cl, c2); cut-from( c2, c3); ||||
‘t-into ( e, E); delete-from( e, E);
Jn (a, b),; if-then-elseg( p, S1, S2);
'd(gl:S1, g2:S2, ..., gn:Sn §elect( p1:S1, p2:S2, ..., pn:Sn);
perform-the-first-for-which-pi-holdép1:S1, p2:S2, ..., pn:Sn);
perform-all-for-which-a-pi-holdg¢ p1:S1, p2:S2, ..., pn:Sn ); ‘"II"iI'Ih"I,H'Hifl“ il " """' ‘
( S1, p:Seave, S2); while-do( p, S ); repeat-until(S, q); m

program pxyz; ....;
exec( ...,assign( b, c), ...if-then-elseg( q, S3, S4), ..assign(y, z) ), ...);
'n ( xyz ); send(x); receive(y); inherit (z); ...; ...bequeath( xyz ) }

N

audit &
inspection &

abstraction abstraction abstraction abstraction abstraction abstraction testing &
m B Ccontrol &= data &= state JE=— pProgramge— ..SO
onfe— flow = flow = transitionfeF——= 1ext = .pl

graph graphfe== graph string == T




am.= CfC statement

Nt .= <Sl<;or |[|[> S2<;or]||> ... Sor||> S

nent =f statement CfCs, ... ,CfCs)

n:= f assign (CfC left hand sideCfC right hand side
n := (CfC left hand side €fC right hand side )
hand side :€£adSe

rithmetic expression CfC arithmetic~expression

yoolean expression CfC boolean~expression

n-else :# if-then-else CfC cond-part CfC then-part

AN ARR "o Vo U A NP oYV o % NI TP o0



et of programs,

nsequal, less, morand operationsequencial copg
mposition, nested compositiotefined for it

nore-or-equal sequence, parallel, nes
)op, guard, fork, joinl

. 2, |, »,:=, Ite, luplis emperical relative

o - +, - * [, ** [ls correspondig numerice

h emperrical relation a correspondig numerical relation ang

L} L} L} L} L}
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the goals of the quality system!
2nd goal and relation to the overall company business goals?

guestions?
1ation do we need to know (what questions do we need to ask) to determine if veg

Juestion, what measure can we take to supply answers to the questions?

-~ ™
Q

guestions to determine
whether we are meeting our

7 goals / M
goals of the ¢

or each questiones

quality system N\ Mmeasure to supply g




dl U
Goals

if sub-objectives
then OBJECTIVE

Software Product if atomic-objectives Software Process

then sub-objective
if software-part.a ... if process-element.a ...
software-part.z process-element.z
then software then process

o Mission o
if atomic-software-part : if atomic-process
then software-part if then process-element

productand process
and
characteristicand metrics

Methods and Tools
for methodsandtools for

Computer Aided ~ then Computer Aided
System Engineering \eIhuaaULrEEY  System Engineering

if sub-methods . if sub-tools
then METHOD Quality then TOOL

| and | |

if atomic-methods Productivity if atomic-tools

th b-method " : then sub-tool
en Stb-Metho Charactersitics and Metrics n

if metrics or characteristics
thenQuality and Productivity




4

Divide each procedure in Quality Manual into thre
© 1998 H

ory - These practises are adequate to meet
ation requirements, and are meant to be asst
| auditors.

1ended- This is the internal target which all
ation members are expected to meet. Thes
ed in the Internal Audit and an "Internal non-.
nance " might be raised.

\ctises- Employees who implement some of¢
s Will be rewarded for adhering to these bes

ractises will gradually become recommended and recay
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