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tion = verification + validation + measurement + assessment

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

ied software
ware 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
apsulation of the definition of an evaluation (sub-) method applied on product or process information in orde
sure software characteristics or subcharacteristics by applying metrics, checking pass-fail criteria, delivering
uation report and cost report.

tion level
rade which is defined by a set of evaluation techniques to be applied and the thresholds of quality metrics be
ined by those techniques.

entification of (subcharacteristics and) metrics and attachment of metrics to subcharacteristics and definition
ptance criteria by selecting rating levels for each metric and reference to (sub-) evaluation method to be appl
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on report
document of the software evaluation. It is filled up through the whole evaluation process and consists of four
ation requirement, evaluation specification, evaluation plan and evaluation result.
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are which is identified by document identifier, title, condition, and of date of arrival as well as handling info
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cation of a metric for product quality or process productivity.
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es constituting a software product or one or more parts of it.

e evaluation
ss which comprises validation and verification, measurement and assessment of software.
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es which are not evaluated but which are necessary for an evaluation
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HE ENTIRE POPULATION PROGRAMS

the early days of the telephone, they were employing
many young women to act as telephone operators.
Someone calculated that, at then current growth rates,
the number of operators required would quickly reach
the entire population.

he solution, of course, was to make the entire populatio
become operators.  Every time you dial a telephone, yo
are acting as your own operator.

timately, I don't know if we can do this with software,
which is substantially more complex than the user-
nterface for the telephone.

f course,  we can try to generate application
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understanding in systems requirements on the part of customers an

ps between estimates of costs and time with actual expenditures.

riations in programmer productivity levels.

y in dividing labor between design and production coding....

y in monitoring progress in a software project, sice program const
a simple progression in which each act of assembly represents a d
p.

owth in size of software systems.

mmunication among groups working on the same project, exacerba
ordinated or unnecessary information, and a lack of automation to
nformation.

pense of developing on-line production control tools
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on among software developers of not writing systems for practica
rite new and better systems... makes it difficult to predict and man

owth in the need for programmers and insufficient numbers of ad
skilled programmers.

y of achieving sufficient reliability ... in large software systems.

nce of software on hardware, which makes standardization of sof
oss different machines.

nventories of reusable software components to aid in the building

maintenance costs often exceeding the cost of original system
nt.
em List in Software Development  (In 1968 NATO /Naur91/ formulated fifteen difficulties in developing larg
i t d b )
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Pond Model - Code and ideas stagnate and grow other life forms.
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hunderstorm Model - Loud, noisy and dangerous. Usually results  in
ooding with developers moving to higher ground.

ornado Model - Faster implementation of Spiral Model, usually wipes  o
evelopment staff.

Hurricane Model - Close attention paid to tracking its course, though no 
an predict when it will arrive.
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s.

is of about 30 internal and external audits of the  customer services component of a large
the following  breakdown of non-compliances or observations against clauses:

ISO9000 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 Traceability |||
Statistical Techniques ||
Servicing ||
Quality System ||
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red: The development process is adhoc. Projects frequently cannot meet quality o
ess, while possible, is based on individuals rather than on organizational infrastruc

e and Project Oriented: Individual project success is achieved through strong pr
planning and control, with emphasis on requirements management, estimation tec
management. (Risk - Medium)

nd Process Oriented: Processes are defined and utilized at the organizational leve
mization is still permitted. Processes are controlled and improved. ISO 9001 requi
d internal process auditing are incorporated. (Risk - Low)

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

grated: Formal methodologies are extensively used. Organizational repositories f
history and process are utilized and effective. (Risk - Lowest)



rganizational Process Quality, Human Resource Development and Management, Process, Management, Qua
evelopment Practices Development Environment Customer Support
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an entry point into this International Standard. It describes 
f the suite fit together, and provides guidance for their selec
explains the requirements contained within the Standard an

ability to the conduct of an assessment, to the construction a
on of supporting tools, and to the construction of extended p
ed processes are processes which include base practices a

defined 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
mental activities that are essential to software engineering, s
ing to increasing levels of process capability. These baselin

e extended, through the generation of application or sector s
e 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
lities.

this International Standard provides guidance on the condu
re process assessments. This guidance is generic enough t

able across all organizations, and also for performing assess
a variety of different methods and techniques, and supporte

range of tools.

this International Standard defines the framework elements
d to construct an instrument to assist an assessor in the pe
ssessment. In addition, it provides guidance to acquirers or
selection and usability aspects of various types of assessm

ments.



g and experience of assessors that are relevant to conductin
ments. It describes mechanisms that may be used to demo
tence 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 c
ination. It addresses process capability determination in bo
tforward situations and in more complex situations involving

ucted or future capability. The guidance on conducting proce
lity determination is applicable either for use within an organ
rmine its own capability, or by a acquirer to determine the c
otential) supplier.
a consolidated vocabulary of all terms specifically defined f
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gu de This document is a guide to the ISO/IEC 1xxxx series of documents which 
e product quality.  It can be used by purchasers, users, producers and independent 
rs who wish to evaluate the quality of software products.

's guide Planning for software measurement is applicable to all audiences. When 
uations are to be done, planning is important.  This part gives guidance on how to

ware measurement and provides an example of a plan.

r's guide The Developer's guide is intended mainly for use during software devel
ance.  It focuses on the use of those indicators that can predict end product quality
diate products developed during the life-cycle.

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

r 's guide The Evaluator's guide is intended for those who perform independent ev
onally. Often they work for third party organisations.  The Evaluator's guide descr
ing the set of quality characteristics defined by ISO/IEC 9126-1. It also describes 
ual issues relating to third party evaluation.

on module guide This part provides guidance for developing, documenting and v
on modules.  An evaluation module collects together quality characteristics, metri
ent techniques.



peatability: Repeated evaluation of the same
roduct to the same evaluation specification by
he same testing laboratory gives the same result.

producibility : Repeated evaluation of the same
roduct to the same evaluation specification by
ifferent testing laboratories gives the same result

partiality : Evaluation is free from unfair bias
owards achieving any particular result.

bjectivity : The evaluation result is obtained with
he minimum of subjective judgement.

peatability: Repeated evaluation of the same
roduct to the same evaluation specification by
he same testing laboratory gives the same result.

producibility : Repeated evaluation of the same
roduct to the same evaluation specification by
ifferent testing laboratories gives the same result.

partiality : Evaluation is free from unfair bias
owards achieving any particular result.

jectivity: The evaluation result is obtained with
he minimum of subjective judgement.



o at o eeded o a va uat o
© 1998 Hans-Ludwig Hausen© 1998 Hans-Ludwig Hausen

software

evaluation

software

evaluation

software quality  info
i.e.

characteristics
sub-characteristics

sub...sub-characteristics
metrics

software quality  info
i.e.

characteristics
sub-characteristics

sub...sub-characteristics
metrics

software product info
i.e.

requirements specification
system specification

programs
handbooks

software product info
i.e.

requirements specification
system specification

programs
handbooks

software process info
i.e.

management report
quality assurance report

project file

software process info
i.e.

management report
quality assurance report

project file

software evaluation
i.e.

verification methods
validation technique

measurement procedur
assessment methods

software evaluation 
i.e.

verification methods
validation techniques

measurement procedure
assessment methods

evaluation = verification + validation + measurement + assessmentevaluation = verification + validation + measurement + assessment
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LUATION LEVEL D

afety risks                        no impact

conomic risks                  small loss

pplication domain           small office automaton, entertainment, household

chniques                         inspection of important features, some program metrics

LUATION LEVEL C

afety risks                        few people disabled

conomic risks                  company affected by  loss

pplication domain           fire alarm,  process control, financial systems

chniques                         inspection, black box testing, selected program and specification metrics

LUATION LEVEL B

afety risks                        some people killed

conomic risks                  company endangered by loss

pplication domain           fire alarm,  process control, financial systems

chniques                         inspection, black box testing, glass box testing, program and specification metrics

LUATION LEVEL A

afety risks many people killed
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plication domain           fire alarm,  process control, financial systems

chniques                         inspection, black box testing, glass box testing, program and specification metrics

UATION LEVEL A
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thoroughness
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evaluation



ware Qual ty Evaluat on Module encapsulates:
© 1998 Hans-Ludwig Hausen

ware Qual ty Evaluat on Module encapsulates:
© 1998 Hans-Ludwig Hausen

- the definition of one or more atomic
evaluation procedures applied on product or
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 at the
particular evaluation level,

- the format for reporting results and costs.

- the definition of one or more atomic
evaluation procedures applied on product or
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 at the
particular evaluation level,

- the format for reporting results and costs.
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Terminology used: (just one example)Module: A M

single logical item which is used with other logical item
software subsystem. The definition of a module is depe
language.  Here are some examples of modules for diffe
languages:FORTRAN   - function, subroutine, procedu
program,Pascal            - function, main program and pr
BASIC          - subroutine and main program, C             
dbase             - procedure, functions CORAL66    - pro
main part of segment, PROLOG      - procedure, COBO
procedures, programs

Terminology used: (just one example)Module: A M

single logical item which is used with other logical item
software subsystem. The definition of a module is depen
language.  Here are some examples of modules for diffe
languages:FORTRAN   - function, subroutine, procedur
program,Pascal            - function, main program and pro
BASIC          - subroutine and main program, C              
dbase             - procedure, functions CORAL66    - proc
main part of segment, PROLOG      - procedure, COBO
procedures, programs

intainability
a to be collected

collected are the following:

tainability check-lists:

STEM or SUB-SYSTEM  Description
gh-Level Specification Description,
gh-Level Design Description,Part C -
escription.

ODULE Description Part A - Low-
cification Description,Part B - Low-
gn Description, Part C - Low-Level
escription, Part D - Low-Level

escription,Part E - General Description.

ODULE Implementation Multiplicity,

MPOUND MODULE Cohesiveness,

TABASE FILE Description

e following metrics are needed:

t Prime, Nesting, Product VINAP

e following metrics are needed:

ntainability
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ollected are the following:

ainability check-lists:

TEM or SUB-SYSTEM  Description
gh-Level Specification Description,
gh-Level Design Description,Part C -
scription.
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gn Description, Part C - Low-Level
escription, Part D - Low-Level
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DULE Implementation Multiplicity,
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TABASE FILE Description

e following metrics are needed:

Prime, Nesting, Product VINAP

following metrics are needed:

The product level decision for determining the maintainab
whole product is dependent on the number of source 
which pass the pass/fail criteria set out above.  The re
product level assessment for maintainability are:

Assessment Level           Required Pass Percentage

A              90%

B              70%

C              50%

The product level decision for determining the maintainab
whole product is dependent on the number of source c
which pass the pass/fail criteria set out above.  The rec
product level assessment for maintainability are:

Assessment Level           Required Pass Percentage

A              90%

B              70%

C              50%



um possible score and round up the answer to 2
ces. Actual Score: Maximum Possible Score: 8

Score:

 available then the pass/fail criteria are:

<= 60 .and.

<= 5 .and.

PRIME <= 5 .and.

NABILITY CHECK-LIST <= 40%           .or.

= 69 .and.

<= 5 .and.

PRIME >= 5 .and.

NABILITY CHECK-LIST <= 40% .and.

pection of module source code reveals a CASE 
uct.

available then the pass/fail criteria are:

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

GE LEVEL <= 6 .and.

TION CONTENT <= 83 .and.

If Q-tool and L-tool are available then the pass/fail crite

PASS

If LENGTH <= 60 .and.

NESTING <= 5 .and.

BIGGEST PRIME <= 5 .and.

MAINTAINABILITY CHECK-LIST <= 40% .and

STATEMENTS <= 46 .and.

LANGUAGE LEVEL <= 6 .and.

INFORMATION CONTENT <= 83 .and.

PENDING NODES <= 2

.or.

If PVINAP <= 69 .and.

NESTING <= 5 .and.

BIGGEST PRIME >= 5 .and.

MAINTAINABILITY CHECK-LIST <= 40% .and

manual inspection of module source code reveals a 
type construct. .and.

STATEMENTS <= 46 .and.

LANGUAGE LEVEL <= 6 .and.

INFORMATION CONTENT <= 83 .and.
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ing Procedures of Testing Laboratory
Guide 25 a number for requirements for working procedures of testing

atories)

uality System of the Testing Laboratory should include:
eral quality procedures

ality assurance procedures specific for each evaluation

dback and corrective actions whenever evaluation discrepancies are detected

cedures for dealing with complaints

ndling of Test Items must include rules for:
fidentiality and Security
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fidentiality and Security



g
A. Specification of the Evaluation

1. Identification of the Parties

2. Identification of the Product

3. Purpose of the Agreement

4. Identification 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
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B. Conduct of the Evaluation

1. The client's Obligations
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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
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Estimating the
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* these actions are optional
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:   acceptance test

synchronization
of

technical
and

f
nt ask testing laboratory to produce evaluation requirements   or   client provides  evaluation requirementst ask testing laboratory to produce evaluation requirements   or   client provides  evaluation requirements

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

Initial
greement Statement 
Contract for resp. step

Initial
reement Statement 

Contract for resp. step Evaluation RequirementsEvaluation Requirements

Testing Laboratory  or  Client  decided to withdraw

greement Statement 
Contract for resp. step

Evaluation SpecificationEvaluation Specification

Testing Laboratory  or  Client  decided to withdraw

Evaluation PlanEvaluation Plan

Testing Laboratory  or  Client  decided to withdraw

Testing Laboratory and Client agree or exhaust appeal procedures

Evaluation ReportEvaluation Report

Testing Laboratory  or  Client  decided to withdraw

....  ....

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

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

Evaluation Requirements

Evaluation Specification

Evaluation Plan

Testing Laboratory and Client agree 
or Dispute Resolution Procedures are invoked 

-Agreement Statement

Final 

Agreement 

Statement

Final 

Agreement 

Statement

greement Statement 
Contract for resp. step

greement Statement 
Contract for resp. step

Testing Laboratory and Client agree 
or Dispute Resolution Procedures are invoked 

Testing Laboratory and Client agree 
or Dispute Resolution Procedures are invoked 



UCT

OPERATION

REVISION

TRANSISTION

RELIABILITY

EFFICIENCY

USABILITY

MAINTAINABILITY

TESTABILITY

PORTABILITY

REUSABILITY

ACCURACY

COMPLETENESS

CONSISTENCY

LEGIBILITY

STRUCTUREDNESS

.......

.......

.......

.......

.......

.......

.......

USE FACTOR CRITERIA



y A set of attributes that bear on the ability of software to be transferred from one environment to

eristics: adaptability, conformance, installability, replaceability = acir

A set of attributes that bear on the relationship between the level of performance of the software
esources used

eristics: resource behaviour, time behaviour = rt

y A set of attributes that bear on the capability of software to maintain its level of performance und
or a stated period of time

eristics: fault tolerance, maturity, recoverability = fm

ality A set of attributes that bear on the existence of a set of functions and their specified properti
e those that satisfy stated or implied needs

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

A set of attributes that bear on the effort needed for use and on the individual assessment of such u
plied set of users

eristics: learnability, operability, understandability = lou

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

i ti l bilit h bilit t bilit t t bilit t

y A set of attributes that bear on the abili ty of software to be transferred from one environment to

ristics: adaptability, conformance, installability, replaceability = acir

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

ristics: resource behaviour, time behaviour = rt

A set of attributes that bear on the capability of software to maintain its level of performance und
or a stated period of time

ristics: fault tolerance, maturity, recoverability = fm

lity A set of attributes that bear on the existence of a set of functions and their specified propertie
e those that satisfy stated or implied needs

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

A set of attributes that bear on the effort needed for use and on the individual assessment of such u
plied set of users

ristics: learnability, operability, understandability = lou

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

ristics: analyzability changeability stability testability = acst
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efficiency .2
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resource behaviou

efficiency .2
time behaviour .6

resource behaviour

maintainability .05
analyzability .25

changeability .25

stability .2

testability .3

maintainability .05
analyzability .25

changeability .25

stability .2

testability .3

portability .05
adaptability .1

installability .2

conformance .3

replaceability .4

portability .05
adaptability .1

installability .2

conformance .3

replaceability .4

usability .1
understandability .2

learnability .4

operability .4

usability .1
understandability .2

learnability .4

operability .4

metrics \ factors                             maturity       fault tolerance                           ...                  replaceability

text metrics

control flow metrics

data flow metrics

state trans metrics

annotation metrics

correctness metrics

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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needs to d st ngu sh:

a) assessment of “goodness” of one measurement re

b) assessment of “goodness” of aggregated measure

re
m

ub upper bound

lb lower bound

mr measurement result

µ α

ome-fct(software system attribute)               α := some-fct(ub,m

are
em



ulb Š mr Š lub then 1 else
llb Š mr Š lub then 1-(cos(mr-llb,ulb-mr) / ((ulb-llb
llb Š mr Š lub then 1-(sin(mr-lub,uub-mr) / ((uub-lub
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 factor.r factor.r factor.i factor.i

metric.zmetric.zmetric.ymetric.y metric.x metric.x metric.c metric.c metric.b metric.b metric.a metric.a
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actual value

metric.z
actual value
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actual value
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ll-du-Paths      (ADUP)
ll-Uses                 (AU)
ll-p-Uses/Some-c-Uses (APU + C)
ll-c-Uses/Some-p-Uses (ACU + P)
ll-c-Uses (ACU)
ll-Definitions (AD)
ll-p-Uses  (APU)
ranch coverage (AB)
tatement coverage (AS)
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 SW-SYS 2
text, cf, df, 

st, an 

l1    = 77777 loc
cfc1  =17 path/prg
dfc1  = 7 uses/definition
stc1   = 5 functions/transition

y anc1 = 3 vocables/sentence
?
Program
?  
?

(q1) = 87.654.321,50 DM 

measurement of SW-SYS 1 measurement of SW-SYS 2 measurement of compose

text length l3    =  l1 + l2 ???
cf complexity cfc3  = cfc1 * cfc2 ???
df complexity dfc3  = dfc1 ** dfc2 ???
st complexity stc3   = stc1 + stc2  ???
an complexity anc3 anc1 + anc2 ???

W-SYS 1
cf, df, st, an

SW-SYS 1
text, cf, df, st, an

 SW-SYS 2
text, cf, df,

st, an  

 SW-SYS 2 SW-SYS 2
W-SYS 1W-SYS 1 SW-SYS 1SW-SYS 1 SW-SYS SW-SYS  SW-SYS 21 

text length l2    = 55555 loc
cf complexity cfc2  =11 path/prg
df complexity dfc2  = 5 uses/definition
st complexity stc2   = 7 functions/transition
an complexity anc2 = 5 vocables/sentence
volume v2 = ???
type      t2= Assembler-Program
illity       i2 = ???  
quality  q2 = ??? 
cost     C2 = f2(q2) = 12.345.678 DM



= 77777 loc
cfc  =17 path/prg
dfc  = 7 uses/definition
stc   = 5 functions/transition

anc = 3 vocables/sentence
?
Program
?
ct(cfc,dfc,stc,anc,t,...) = ???
stfct(q) = 82.500.000,00 DM

measurement

 2.5

30.0

50.0

abstraction

n

SW-SYS 1

W-SYS 1
cf, df, st, an

W-SYS 1W-SYS 1

MDM



a.1 a. a
or it,  P(Α) the set of all subsets of Α, and let Ζ be the s

items, with relations Rz.1, ... , Rz. and operations oz.1,..
or it.

a.1, ... , Ra.r, oa.1,..., oa.t〉   is called an emperical relati

Rz.1, ... , Rz.r, oz.1,..., oz.t〉   is called a numerical relativ
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= #e - #n + 2*(#p)

otes the complexity of a program ('cyclomatic number complexity
e control structure represented by a graph G

mber of edges in the control graph
mber of nodes in the control graph
mber of connected components



                                                    
+  tnod ) * log2(ndor + ndod )   = Volume                 
tnod /2*ndod                             = Density              
                                                         
nod *  ( tnor  +  tnod ) * log2(ndor + ndod ) / 2*ndod                               
                                                         
ming effort                                                    

ber of distinct operators appearing in a program          
ber of distinct operands appearing in a program         
number of occurences of the operators in a program 
number of occurences of the operands in a program    
logarithm                                         

presented by T after the conversion to time units:        
                                                         
ming time of a program in seconds                           
umber, mean number of elementary mental                          
nations in the vocabulary, 5 ≤ S ≤ 20  per second, usually S = 18             



low measure in a module m INFO m= (fi * fo) 2

mation measure in a module m INFO-LOC m=LOCm * (fi * fo) 2

n,  fo - fan-out of a module,  LOCm - # lines-of-code of the module m.

low measure for all modules in a call graph

INFO = • i=1...n (fi(i) * fo(i)) 2,

number of modules

mation measure for all modules in a call graph

INFO-LOC = •  i=1...n LOC m* (fi(i) * fo(i

number of modules in a call graph.



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

modular ty    
   M.1   =   modu
   M.2   =   modu
   M.3   =   modu
   M.4   =   modu
   M.5   =   modu
   M.6   =   modu
   M.7   =   modu
   M.8   =   modu
   M.9   =   modu

generality   
  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

redundancy 
   R.1   =   repeatable modules /  modules 
   R.2   =   reproducible data capsules /  modules
   R.3   =   logged transactions /  transactions

integrity 
   I.1   =   edited system input data items /  system input data items  
   I.2   =   edited system output data items / system output data items  

y
 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-  transactions) 
transactions / (module calls per transaction times transactions)

 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  

j
 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   

inspection coverage 
   IC.1  =   programs accepted after inspection / programs
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development effort planning model offers complexity 
rs can map their proposed developments to.

=  α ⋅⋅  ( KDSI ) β

= programmer months effort
= complexity coefficient
= complexity exponent
= estimate of thousands of delivered lines o

ity Level α β
on          2.4 1.05
         3.0 1.12

3 6 1 20



=  τ ⋅ ( σ(µ1(code), µ2(specs), µ3(reqs

,                            σ:  ℜ ×  ℜ  ×  ℜ → ℜ
DE →ℜ,  µ2: SPECS →ℜ, µ3: REQS →ℜ,

e-company =    1.75 ⋅ ( #locode  +  #lospecs  +  #lore

=  α ⋅⋅ ( #lines-of-code ) β  Effort-Estimatefuntion-points =  γ⋅ ( #functi
    where   #function-points     =   ƒ(#loreq) =



prsdt / nfr  =  ___ hours/reqspec  = 5.5 hours/reqspec ???
hours/reqspec post-requirements-specification time are required to fully implement each
uirement spec

dt = post-requirements-specification development time

dt = sum of design, implementation, testing, and documentation hours

 = number of functional requirements in the requirements specification

rst / prsdt  =  ____   =  1 / 4 ???
requirements specification time / post-requirements-specification development time

prsdt / nfr  =  ___ hours/reqspec  = 5.5 hours/reqspec ???
hours/reqspec post-requirements-specification time are required to fully implement each
uirement spec

dt = post-requirements-specification development time

dt = sum of design, implementation, testing, and documentation hours

= number of functional requirements in the requirements specification

st / prsdt  =  ____   =  1 / 4 ???
requirements specification time / post-requirements-specification development time

ther words:

rox. 7 requirements specs per week can be fully
mplemented, tested, documented, etc.    (schedule

ends upon the lifecycle model being used, ofcourse)

e: Requirements specs are written according IEEE SRS standard

ther words:

rox. 7 requirements specs per week can be fully
mplemented, tested, documented, etc.    (schedule
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ss = sst / nfr  =  ____ hours/reqspec  = 3 hours/reqspec ???
t = software specification time

t = time for writing, testing, documenting software specification

fr  = number of functional requirements in the requirements specification

ss = rst / sst  =  1 / ___   = 1 / 2  ???
= requirements specification time / software specification ti

ec = ect / nfs  =  ____ hours/swspec = 3 hours/swspec  ???
t = executable code time

t = time for writing, testing, documenting executable code

fs  = number of functional specifications in the software specification

ec = sst / ect  =  1 / ___   = 1 / 2 ???
= requirements specification time / executable code development time

ss = sst / nfr  =  ____ hours/reqspec  = 3 hours/reqspec ???
= software specification time

= time for writing, testing, documenting software specification

r  = number of functional requirements in the requirements specification

ss = rst / sst  =  1 / ___   = 1 / 2  ???
= requirements specification time / software specification ti

ec = ect / nfs  =  ____ hours/swspec = 3 hours/swspec  ???
t = executable code time

t = time for writing, testing, documenting executable code

s  = number of functional specifications in the software specification

ec = sst / ect  =  1 / ___   = 1 / 2 ???
requirements specification time / executable code development time



dt / nfr , prsqat / nfr , prcmdt / nfr , prspmt / nfr,

              rsqat / nfr ,   rcmdt / nfr ,  rspmt / nfr >

ost-requirements-specification development time  

ost-requirements-specification quality assurance time 

post-requirements-specification configuration management time 
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equirements-specification quality assurance time 

requirements-specification configuration management time 

equirements-specification project management time

number of functional requirements in the requirements specification

t / prsdt =1/___ t.o.qa = rst / prqat =1/___

t / prscmt =1/___ t.o.pm = rst / prspmt =1/___
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f configuration management ratio

of project management ratio
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u
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n
t

ment ( This program is an implementation of specification SPEC29. );

rface ( arguments, results, transients ); 

arations ( alphabet, data, procedures, modules, objects);

( a, b );  subtract ( d, c);  multiply ( m, n);  divide ( x, z );

t(a); is-equal ( a, b );  is-less-than ( c, d );  is-greater-than ( d, e ); is-element-of ( e, E );

end-to ( c1, c2 );  cut-from ( c2, c3 );

rt-into ( e, E );  delete-from ( e, E );

gn ( a, b );  if-then-else ( p, S1, S2 );

rd ( g1:S1, g2:S2, ..., gn:Sn );  select ( p1:S1, p2:S2, ..., pn:Sn );

   perform-the-first-for-which-pi-holds ( p1:S1, p2:S2, ..., pn:Sn );

   perform-all-for-which-a-pi-holds ( p1:S1, p2:S2, ..., pn:Sn );

 ( S1, p:S leave , S2);  while-do ( p, S );  repeat-until (S, q);

program  pxyz; ....;

exec ( ..., assign ( b, c ), ..., if-then-else ( q, S3, S4 ), ..., assign ( y, z ) ), ...);   

rn ( xyz ); send (x); receive (y); inherit (z); ...; ... bequeath ( xyz ) }
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ram:= cfc statement

ent :=  < S1 <; or  ||>  S2 <; or ||>  ...  <; or ||>  Sn >

ment = f statement  ( cfc S1, ... , cfc Sn )

gn := f assign ( cfc left hand side, cfc right hand side )

gn  := ( cfc left hand side  + cfc right hand side  )

t hand side  := case

arithmetic expression : cfc arithmetic~expression

boolean expression :    cfc boolean~expression

en-else :=f if-then-else ( cfc cond-part , cfc then-part , cfc else-
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 the goals of the quality system!
end goal and relation to the overall company business goals?

 questions?
mation do we need to know (what questions do we need to ask) to determine if we are me

question, what measure can we take to supply answers to the questions?
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Q
questions to determine
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goals
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Software Product 

if    software-part.a ...
software-part.z
then  software

if  atomic-software-part 
then  software-part

Methods 
for

Computer Aided 
System Engineering 

if  sub-methods  
then  METHOD

if  atomic-methods  
then  sub-method

and
Goals

if    sub-objectives  
then  OBJECTIVE

if  atomic-objectives  
then  sub-objective

Mission
if

product and  process
and

characteristics and metrics
and 

methods and tools
then

objective and goal

Software Process 

if    process-element.a ...
process-element.z

then  process

if  atomic-process
then  process-element

Quality 
and 

Productivity
Charactersitics and Metrics

if metrics or characteristics 
then Quality  and Productivity

Tools 
for

Computer Aided 
System Engineering 

if  sub-tools  
then  TOOL

if  atomic-tools  
then  sub-tool
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onder how to get t all  the way full .”


