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Abstract: Problem statement: The International Organization for Standardizatft80) published a
set of international standards related to the swftwengineering, such as ISO 12207 and 1SO 9126.
However, there is a set of cross-references betivesse two standard8pproach: The ISO 9126 on
software product quality and ISO 12207 on softwhi® cycle processes had been analysed to
investigate the relationships between them and &kema mapping from the 1ISO 9126 quality
characteristics to the I1SO 12207 activities andswersa.Results: This study presented a set of
comments and suggestions to improve the ISO 9CBiclusion: The weaknesses of the cross-
references between the two ISO standards had higahighted. In addition, this study provided a
number of comments and suggestions to be takenaittount on the next version of the 1ISO 9126
international standard.
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INTRODUCTION and their relationships to the 1SO 12207 softwéie |
cycle processes and activities. In other words, shidy
The last decade of 20th century has seen a rapigikplains which software metrics you can compute
increase in the use of the software products iargety  during the software life cycle.
of application areas and their correct operatioofisn In 2002, I1SO produced the 1SO 15939 international
critical for business success and human safetys Thistandarf which contains the definitions of the terms to
trend is expected to continue in light of the pesgrand  be used in the software measurement process, inglud
utilization of the measurement evaluation of sofeva the term ‘measure’ instead of the term ‘metrics’.
product quality, particularly from the internatidna However, in this study we will use the term ‘mestim
standardization perspective. order to be aligned with the four parts of the I1S126
In the area of software engineering, the concépt cinternational standard.
software measurement (or what is commonly called  The current version of the ISO 9126 international
software ‘metrics’) is not new. Since 1972, a numtfe  Standard consists of inventories of proposed neetac

so-called software ‘metrics’. or ‘measures’. hawef Measure the quality of the internal, external andse
developed software product. However, for each of these metric

; . there is a cross-reference on where they could be
In order to standardize the software product ¢ali ; .
measurement process, in 1991, the ISg publis%jed i easured during the 1SO 12207 Software Life Cycle

L . ; rocesses and activities (SLCP). This study prevale

first international consensus on the terminologytfe mapping between these two standards to highligtes t
q“?‘"‘y characteristics for software product eviibm . weaknesses of these cross-references and proposes a
This standard was called “software product evatumati way to address them and it provides an approacisdo

quality characteristics and guidelines for theie'Us ihe SO 9126 metrics to measure the software qualit
(IS0 9126: 1991J. From 2001-2004, the ISO yring the software life cycle.

published an expanded version, containing bothiSie The International Organization for Standardization
quality models and inventories of proposed Measuredso) published a set of international standardsted
for these models (ISO 9126 parts 1, 2, 3 arfd4¥’ to the software engineering. However, some of these

Since 1991, ISO produced a number ofinternational standards have many relationships
International Standards (IS) and Technical Reporthetween them. This study investigates the relatipss
(TR) related to the software engineering. Howewer, between ISO 9126 on software product quality ar@ 1S
this study we have highlighted the ISO 9126 metricsl2207 on software life cycle processes.
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However, the relationships between them are  The first document of the ISO 9126 series-Quality
many-to-many relationships since each of 1ISO 9126nodel-contains two-part quality model for software
characteristic/subcharacteristic could be measimed product qualityf’:
different ISO 12207 software life cycle processed a
activities and in each 1SO 12207 software life eycl »
process or activity we can measure different IS@691 .
characteristics/subcharacteristics. Furthermoreis th
study highlights the weaknesses and the cross- The first part of the two-part quality model
references between the two ISO standards. Finally, determines six characteristics in which they are
number of suggestions and comments have beesubdivided into twenty-seven subcharacteristics for
addressed. internal and external quality, as in Figl”.1 These

Recently, the ISO has recognized a need fosubcharacteristics are a result of internal sofwar
further enhancement of ISO 9126 Internationalattributes and are noticeable externally when the
Standard, primarily as a result of advances in theoftware is used as a part of a computer systera. Th
fields of information technologies and changes insecond part of the two-part model indicates foualigy
environmerif!. Therefore, the I1SO is now working on in-use characteristics. All the quality charactizésand
the next generation of software product qualitytheir corresFonding sub-characteristics are defimed
standard$?, which will be referred to as Software |SO 9126-¥
Product Quality Requirements and Evaluation  The 2nd, 3rd and 4th documents of the ISO 9126
(SQuaRE-ISO 25000 series). This series of standardseries provide the following informatith*?:
will replace the current ISO 9126 International
Standard. However, many researches have focused on
some weaknesses on the current ISO 9126 and even
on the draft versions of the upcoming new ISO 25000
series of standards (SQuaRE .

Internal and external quality model
Quality in-use model

Sets of metrics for each external quality sub-

characteristic, internal quality sub-characteristic

and quality in-use characteristic

Explanations of how to apply and use these sets of
metrics

Examples of how to apply these metrics during the

software product lifecycle

MATERIALSAND METHODS .

ISO 9126 on software quality measurement: The
ISO 9126 series of standards now consists of on
international  standafd and three technical
report§12:

£SO 12207 on software life cycle processes: It consists
of processes, activities for each process and thsks
each activit{"”!. Figure 2 shows the software life cycle
processes, the number of activities in each proaeds
the number of tasks in each process. The fulblighe
process, activities and tasks can be seen in 107
and IEEE/EIA 12207 (the IEEE/EIA 12207 is the
IEEE version of the ISO 12207).

| Extemal and intemal quality .

1. Functionalitvy . 2. Reliabilitvy .l 3. Usability .

« 1SO 9126-1: Quality mod#l

« ISO TR 9126-2: External metrics

« ISO TR 9126-3: Internal metri¢¥d

« ISO TR 9126-4: Quality in-use metrits

|
4. Efficiency . 5. Maintainability . 6. Portability .

1.1 Suitability 2.1 Maturity 3.1 Understandability || 4.1 Time 3.1 Analvzability 6.1 Adaptability
1.2 Accuracy 2.2 Fault 3.2 Leam ability Behavior 3.2 Changeability 6.2 Install abilitv
1.3 Interoperability tolerance 3.3 Operability 4.2 Resource 3.3 Stability 6.3 Co-existence
1.4 Securitvy 2.3 Recoverabilig| 3.4 Attractiveness Utilization 3.4 Testabilitv 6.4 Replace abilitv
1.5 Functionality 2 4 Reliability 3.5 Usability 43 Efficiency 5.5 Maintainability 6.5 Portability
compliance compliance compliance compliance compliance compliance

Fig. 1: 1SO 9126 quality model for external andeimal quality (characteristics and sub-charactesi?
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Fig. 2: ISO 12207 software life cycle processetyities and tasks

The I1SO 12207 software life cycle processes arexternal and in-use software product and the ISEDT2
grouped into three broad classes: Primary; supmprti software life cycle processes and activities wi# b
and organizational. Primary processes are the primgrovided. Furthermore, this mapping will focus am a
movers in the life cycle; they are acquisition, @yp investigation of the “ISO 12207 Software Life Cycle

development, operation and maintenance. Supportingrocesses (SLCP) References” provided by 1SO 9126
processes are  documentation, configurationyg, each of its metrics.

management, quality assurance, joint review, audit,

verification, validation and problem resolution. A : C
supporting process supports another process ihnternal quality metrics: Within the 1ISO 9126-3 on

performing a specialized function. OrganizationalSOftware product internal quality metrics, there @0
processes are management, infrastructure, impravemeMetrics. These metrics can be measured during the
and training. An organizaton may employ anSoftware life cycle. Internal quality defined inQS
organizational process to establish, control arptave ~ 9126-1 as the totality of characteristics of thévgare
a life cycle process. product from an internal view. Internal quality is
measured and evaluated against the internal quality
RESULTS requirements. Details of software product qualian c
For each metric of the internal, external andse-u be imprpved during code implementation, reviewing
metrics, the 1SO 9126 parts 2-4 provides the falhgy 21d testing, but the fundamental nature of thesso
information: metric name, purpose of the metric,Product quality represented by internal quality agms
method of application, measurement formula,unchanged unless redesigh€d
interpretation of measured value, metric scale type  Table 1 shows the number of internal quality
measure type, input to measurement, ISO 12207 SLCRetrics which can be measured during each of tie IS
Reference and target audiefit&”. 12207 software life cycle processes. For example,
Hereinafter we will discuss the detailed mappingswithin the “verification process” (of the “support
between the ISO 9126 quality metrics of the Intgrna processes”) 59 metrics can be measured.
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the ISO 12207 processes

Table 2: Mapping between the ISO 9126 externalityualetrics and
the ISO 12207 processes

ISO 12207 processes

5.0 Primary life cycle processes:
5.1 Acquisition

5.2 Supply

5.3 Development

5.4 Operation

5.5 Maintenance

6.0 Supporting life cycle processes:
6.1 Documentation

6.2 Configuration management
6.3 Quality assurance

6.4 Verification:

6.5 Validation

6.6 Joint review

6.7 Audit

6.8 Problem resolution

No. of related 1ISO 9126 metricsISO 12207 Processes No. of related 1ISO 9126 Metrics
5.0 Primary life cycle processes:
0 5.1 Acquisition 0
0 5.2 Supply 0
1 5.3 Development 14
0 5.4 Operation 93
0 5.5 Maintenance 84
6.0 Supporting life cycle processes:
0 6.1 Documentation 0
0 6.2 Configuration management 0
2 6.3 Quality assurance 14
59 6.4 Verification 0
13 6.5 Validation a7
59 6.6 Joint review 0
0 6.7 Audit 0
4 6.8 Problem Resolution 1

6.4 Verification:
Computztional zccuracy (1.2) 31
Precision (1.2) 32,

3. Data exchangesbility (1.3) 33.
4. Interface consistency (protocol) (1.3) 34,
3. Functional Compliance (1.5) 33
6. Intersystem stendard compliance (1.4) 36.
7. Fault detection (2.1) 37
8. Faultremoval (2.1) 38.
9. Testadequacy (2.1) 39,
10.Failure avoidances (2.2) 40.
11.Incorract operation avoidance (2.2) 4

12 Restorability (2.3) 42
13.Restoration Effectiveness (2.3) 43
14 Relizbility Compliance (2.4) 44,

13.Completeness of description (3.1) 3.
16.Demonstration capability (3.1)
17.Evident functions (3.1) 47,
18.Function understandabdity (4.1) 48,
19.Complsteness of user documentation andior 49,

help facility (3.2) 30.
20.Input validity checking (3.3) 51

21.1{ietoperaﬁon cancel ability (3.3) 52.

4
4

=3

22.User operation unde ability (3.3) 33.
23. Customizability (3.3)

24 Physical accessibility (3.3) 34.
23.Operation stams monitoring capsbility (3.3)
26.Operational consistency (3.3) 55.
27 Message Clarity (3.3) 36.
28 Interface element clarity (3.3) 37
29 Operational error recoversbility (3.3) 38
30. Attractive interaction (3.4) 39.

Usermterface appearance customizability (3.4)
Usability compliance (3.3)

Response time (4.1)

Throughput tme (4.1}

. Tumaround time (4.1}

L0 Utilization (4.2)

7. IO Utilization message density (4.2)

Memory utilization (4.2)
Memeryutilization message density (4.2)
Transmission utilization (4.2)

Efficiency compliance (4.3)

Activity recording (3.1)

Readiness of diagnostic function (5.1}
Change record ability (3.2)

Changs mpact (3.3)

Modification impact localization (3.3)
Completensss of built-in test (3.4)
Autonomy of testzbility (3.4)

Test progress observability (3.4)
Mamtamability compliance (3.5}
Adaptability of data structures (6.1)
Organizational environment adaptability (6.1)
Hardware environmental adaptability (E/W,
network) (6.1)

System software environmental adaptability
(085, concurrent application) (6.1)

33. Portmg user friendlmess (6.1)

Continued use of datz (6.3)
Functional inclusiveness (6.3)
Available co-existence (6.4)
Portzbility compliance (6.3)

Moreover, there is no any metric which could be
measured during 3 out of 8 of the supporting ljele
processes; that is, documentation, configuration
management and audit processes.

External quality metrics. Within the ISO 9126-2 on
software product external quality metrics, there &t0
metrics. These metrics can be measured during the
software life cycle. External quality defined inQS
9126-1 as the totality of characteristics of thé&veare
product from an external view. It is the quality evh
the software is executed, which is typically meadur
and evaluated while testing in a simulated envirenim
with simulated data using external metrics. During
testing, most faults should be discovered and
eliminated. However, some faults may still remdtera
testing. As it is difficult to correct the software

Fig. 3: Example on the I1SO 9126-3 internal quality@rchitecture or other fundamental design aspectbeof
metrics and where they could be measured durin§oftware, the fundamental design usually remains
the ISO 12207 software life-cycle processes andinchanged throughout testifig

activities

Table 2 shows the number of external quality
metrics which can be measured during each of te IS

As an example, Fig. 3 shows a detailed structfire 012207 software life cycle processes. For example,

the software product internal quality metrics’ n@me within the

“operation process” of the “primary

and where they can be measured during the veiditat processes”, 93 metrics can be measured.

process (which is a part of the ISO 12207 suppgrtin

process) along with the corresponding characteristiQuality in-use metrics. Within the 1SO 9126-2 on
and subcharacteristic reference number for each dfoftware product quality in-use metrics, there abe
those metrics (for example 1.2 means the accuracmetrics. These the 15 metrics can be measuredgdurin

subcharacteristic of the functionality charactés)stin
Fig. 3 only the software life processes/activitidsich

have internal quality metrics are mentioned.
However, from Table 1 we can note that there is nspecific context of use. It measures the extenthich

any metric which could be measured during 4 ous of users can achieve
primary life cycle processes. This means that tien®

the software life cycle. Quality in-use defined IBO
9126-1 as the user’s view of the quality of thetwafe
product when it is used in a specific environment a

their goals in a particular
environment, rather than measuring the propertfes o

any metric from ISO 9126 external quality metricsthe software itself. The term ‘user’ refers to ayye of

could be useful during

the acquisition,

supply, intended
operation and maintenance primary life cycle preess

users, including both operators and
maintainers and their requirements can be difféfént
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Table 3: Mapping between the ISO 9126 quality ie-osetrics and  Table 4: External on quality metrics which is nt#ac where to be

the ISO 12207 processes measured
ISO 12207 Processes No. of related ISO 9126 metrics1  Estimated latent 9 Fault removal
5.0 Primary life cycle processes: fault density 10 Restartability
5.1 Acquisition 0 2 Incorrect operation avoidance 11 Mean time batwee
5.2 Supply 0 3 Failure density 12 User support
5.3 Development 12 against test cases failures (MTBF)
5.4 Operation 15 4 Availability functional consistency
5.5 Maintenance 0 5 Failure resolution 13 Breakdown
6.0 Supporting life cycle processes: 6 Mean down time 14 Restore effectiveness
6.1 Documentation 0 7  Fault density 15 Failure avoidance
6.2 Configuration management 0 8 Mean recovery time 16 Restorability
6.3 Quality assurance 0
g:g \\;:lrilcf;g:ggn 1(1 we will find that there are 59 internal quality mes
6.6 Joint review 0 that could be measured during the ‘joint review’
6.7 Audit 0 process. Whereas, from Table 2 and 3, it is seah th
6.8 Problem resolution 0

there is no any external quality or quality in-unsetrics

Table 3 shows the number of quality in-use metrics

which can be measured during each of the ISO 12207

software life cycle processes. For example, dutirey
“software qualification testing” activity of the
“development process” of the “primary processe®, 1
metrics can be measured.

that can be measured during ‘joint review’ process.

CONCLUSION

The current edition of the 1ISO 9126 consists of

inventories of proposed metrics to measure theitgual

of the internal, external and in-use software pobdu

DISCUSSION

However, for each of these metrics there is a eross

_ reference on where it could be measured duringS@e
In ISO 9126-3, there are some external quality12207 software life cycle processes and activifféss
metrics-as in Table 4 Wf]'Ch have t?een referredeto bgygy provided a mapping between those two stasdard
measured during the ‘integration’ activity of the (4 jhvestigate the cross-references between thased

‘development process’ of the ‘primary processesit, B
within the ‘development’ process, there are two
activities related to the ‘integration’, that issystem
integration’ and ‘software integration’. Howevehig
document (1ISO 9126-3) did not specify during which
‘integration’ activity those metrics can be measure *

It is clearly noted that through the ISO 12207
‘organizational processes’ none of the 195 quality
metrics-from the ISO 9126 series of international
standards-can be measured. Therefore, the 1SOi8126
not usable for the ISO 12207 organizational preeess

As mentioned in ISO 9126-1, the quality in-use
metrics should be measured during the executidheof
software product in an actual working environment.
However, from Table 4 we can see that there are 1?2
metrics which could be measured through the ‘saftwa
qualification testing’ activity. But since ISO 1220
mentioned that the “software qualification testing”
activity is a part of the ‘development process’ $hit's
strange and make no sense to measure that 12 snetric

The ‘joint review process’ of the ‘supporting
processes’ consists of three activities: One ofkédhe
activities is the ‘technical reviews’ activity. FEhi
activity contains one task, that is, “Technicaliesvs
shall be held to evaluate the software products or
services under consideration and provide evidehat t
they are complefd. Now, if we go back to Table 1,
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on
suggestions for the upcoming new 1SO 25000 seffies o
standards (SQuaRE) can be concluded:

this mapping, the following comments and

There is no any metric can be measured during the
‘organizational processes’

A number of external quality metrics where
mentioned in 1ISO 9126-2 to be measured during
the ‘integration’ activity. However, within the 1SO
12207 there are two activities labeled ‘system
integration’ and ‘software integration’, Table 4 fo
the names of these metrics. However, this will
make the user of the ISO 9126 confused

Many of the ISO 9126 quality metrics referred to
processes. However, as known, each process in
ISO 12207 contains a number of different activities
Thus, it is more usable for the 1ISO 9126 users to
refer to the activities of the ISO 12207. This ten
done using cross-reference numbers from I1SO
12207. For example, the cross-reference number
5.3.9 is referring to “primary processes”,
‘development process’ and ‘software qualification
testing’ activity, respectively, Fig. 3 for an exale

on where the ISO 9126 internal quality metrics
could be measured within the ISO 12207
verification activities
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In addition to the mapping in this study, as aifet 7.
work, it is a good idea to investigate where toleil

the data for each of the 1ISO 9126 quality metncthe

ISO 12207 software life cycle processes and am#uit
This will save time and assure that the data haenb
completely collected before the measurement of the
metrics is performed.
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