A& AT
A 164, A2 pp.134-146, 2016

Quantitative Evaluation Index Derivation of the Software
Based on ISO/IEC 9126-2 Metrics

Sungho Cho'" - Joongsoon Jang’
'Korea Testing Laboratory, *Graduate School of Ajou University

Purpose: Many domestic companies have to make out quantitative evaluation table in their
proposal when they conduct the software R&D project. However, most of companies have a
difficulty to select the evaluation items and criteria, also to derive a quantitative results. Therefore,
we propose a method to derive the quantitative evaluation index by utilizing the ISO/IEC 9126-2.
Methods: Analyzing ISO/IEC 9126-2, and we classify the quality metrics as high-classification
and sub-classification for Web/App software, Embedded software and Installation software.
Next, Conduct the metrics selection survey depending on importance and necessity. Then, carry
out the case study. Verify the correspondence between evaluation items and criteria from original
suggestion of company and from outcome by utilizing the [SO/IEC 9126-2 quality metrics.
Results: It is possible to classify into two metrics, one for common software or one another for
only special software. Furthermore, there is quality metrics that is more important and more
necessary depending upon characteristics of the software.

Conclusion: ISO/IEC 9126-2 quality metrics can be used to make an evaluation items and criteria
for quantitative evaluation table of software product.

Keywords: ISO/IEC 9126-2, Web/App Software, Embedded Software, Installation Software,
Software Quality Metrics, Quantitative Evaluation Metrics
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External and internal quality ‘
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[ [ I

Functionality ‘ ’ Reliability ‘ ‘ Usability ‘ efficiency ‘ ’ Maintainability ‘ Portability ‘
Suitability Understandability Analysability Adaptability
Maturity Time behavior
Accuracy Learnability Changeability Installability
Fault tolerance Resource
Interoperability Operability tilizati Stability Co-existence
Recoverability utilization
Security attractiveness efficienc Testability Replaceability
Reliability i y
Functionality compliance usability compliance maintainability Portability
compliance compliance compliance compliacne
12 EA 17 EA 25 EA 22 EA 15 EA 10 EA

Fig. 1 ISO/IEC 9126 quality model
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Quantitative Evaluation Index Derivation of the Software Based on ISO/IEC 9126-2 Metrics
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CERE:

Test sector Test item

Test sector Test item

Functional implementation completeness

Functional adequacy

Functionality | Data exchangeability

Response time

Efficiency Resources utilization

Throughput

Security

Standard compliance

Function understandability

Understandable input and output

Support error diagnosis/resolution

Possibility to change the configuration

Maintainability
Ease of update

Ease of backup/recovery

Possibility of adjustment of the user interface

Stability of operation

Usability Consistency of the user interface Ease of failure recovery
Ease to understand the progress Reliability Persistence of service
Possibility of the adjustment of operating
Data recovery
procedures
Operating environment compatibility Support the maintenance
Portability Ease of installation Vendor support Support the education and training

Continued use of data

Product reliability
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‘ Web-based software evaluation model

’ Usability ‘ ‘ efficiency ‘ ‘ Stability ‘ Interoperability ‘ ‘ Security ‘ ‘ Maintainability ‘
Confidentiality
Integrity
Suitability .
Certification possibility Analyticity
Accuracy Time Availability e
efficiency Interoperability Disapprove prevention Modifiability
Understandability Reliability _ possibility Testability
Resource compliance
Operability efficiency Accessibility Approach _c_ontrol Audit trail
possibility capabilit
preference P Y
Privacy protection
compliance

Fig. 2 Web—based software quality evaluation model

Table 2 Weapon systems embedded software test performance metrics

Characteristic Indicator name Measurement formula
S . Number of Requirements confirmed by the test cases / Total
Functionality Requirements coverage .
number of requirements
Defect density Number of occured defect / KLOC
Defect measure rate Number of measured defect / Number of occurred defect
Reliability Test coverage Performed test cases / Designed test cases
Test maturity Passed test cases / Designed test cases
Syntax Coverage Execution rate the code at execute test cases
Source code comment rate Comment line / Total line
Maintainability | Coding standard compliance rate | Violation coding rule / Designed coding rule
Complexity Conditions in the functions + 1
Interoperability requirements Number of interoperability requirements / Total number of
. coverage requirements
Interoperability — . ;
Standard compatibility Number of standard compatibility requirement / Total number
requirements coverage of requirements
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Table 3 Iso/iec 9126—2 metrics classification table

139

Metric Name

Metric Name

No |Characteristic - - - No |Characteristic - -
High-Classification Sub-Classification
1 Functional adequacy 1 Functional specification stability
2 Functional implementation completeness | 2 Accuracy to exception
3 ... |Functional implementation coverage 3 Access auditability
— Functionality - . . e
4 Computational Accuracy 4 | Functionality | Access controllability
5 Precision 5 Data corruption prevention
6 Data exchangeability 6 Functional compliance
1 Failure resolution 7 Interface standard compliance
2 Fault density 1 Mean recovery time
3 Fault removal 2 Mean down time
Z Reliability |Test coverage 3 Restartability
5| Breakdown avoidance 4 Restorability
6 | Failure avoidance 5 Restore effectiveness
7 Incorrect operation avoidance 6 | Reliability |Estimated latent fault density
1 Help accessibility 7 Failure density against test cases
2 Operational consistency in use 8 Mean time between failures (MTBF)
3 Default value availability in use 9 Test maturity
4 | Usability |Message understandability in use 10 Availability
5 Self-explanatory error messages 11 Reliability compliance
6 | Physical accessibility 1 Completeness of description
7 Interface appearance customisability 2 Demonstration accessibility
1 Response time 3 Demonstration accessibility in use
2 Response time (Mean time to response) | 4 Demonstration effectiveness
3 get:is([)))onse time (Worst case response time 5 Evident functions
4| Throughput 6 Function understandability
Z Throughput (Mean amount of throughput)| 7 Understandable input and output
6 | Throughput (Worst case throughput ratio)| 8 Ease function learning
7 Turnaround time 9 Ease of learning to perform a task in use
8 Turnaround time (Mean time for turnaround| 10 Help frequency
9 t]_“umarm_md time (Worst case turnaround 11 . Operational error recoverability in use
O ime ratio) Usability
_10 | Efficiency |Waiting time 12 Time between human error operations in use
11 YO related errors 13 Eglfgct;\;’f;rtlgrsrsl of the user documentation and/or
12 Mean 1/O fulfilment ratio 14 Effectiveness of the user documentation and/or
13 User waiting time of I/O devices utilisation help system in use
] . . 15 Error correction
14 Maximum memory utilisation —
16 Error correction in use
E Mean occurrence of memory error 17 Undoability
16 Ratio of memory error/time 18 Customisability
E Maximum transmission utilisation 19 Operation procedure reduction
18 Mean occurrence of transmission error | 20 Attractive interaction
19 | Transmission capacity utilisation 21 Usability compliance
1 Audit trail capability 1 1/O loading limits
Z Maintain- Diagnostic function support 2 Efficiency Media device utilisation balancing
3 ability Status monitoring capability 3 Mean of transmission error per time
4| Parameterised modifiability 4 Efficiency Compliance
1 Portability |Adaptability of data structures 1 Maintaina- Failure analysis capability

bility
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No |Characteristic .Metrlc T.\Tame' No |Characteristic Metric Name.:
High-Classification Sub-Classification
2 Hardware environmental adaptability 2 Failure analysis efficiency
T Porting user friendliness 3 Change cycle efficiency
T System software environmental adaptability| 4 Change implementation elapse time
T Ease of installation 5 Modification complexity
6 | Available co-existence 6 Software change control capability
7 Change success ratio
8 Modification impact localisation (Emerging
failure after change)
9 Availability of built-in test function
10 Re-test efficiency
11 Test restartability
12 Maintainability compliance
i 1 Organis_at.ional environment
adaptability
2 Ease of Setup Retry
3 | Portability |Continued use of data
4 Function inclusiveness
5 User support functional consistency
6 Portability compliance
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Table 4 Web/app, embedded, installation software survey result table
Web/App software Embedded software Installation software
Main- . Average Main- . Average Main- . Average
charac- Metric name ~orade charac- Metric name grade charac- Metric name ~otade
teristic & teristic teristic &
Functional
implementation 10.0 Functional adequacy| 9.2 Functional adequacy| 10.0
completeness
. . Functional
Functional 99 Computational 8.1 implementation 8.4
adequacy accuracy
coverage
Functional Function Functional
Access auditability| 7.8 implementation 8.0 alit implementation 8.2
. completeness y completeness
lejll:tn e Functional s Computational
y implementation 7.7 |Function | Precision 7.9 accuracy 6.4
coverage ality
Data Functional
s 7.6 implementation 7.4 Precision 6.0
exchangeability
coverage
Computational 6.4 Data corruption 79 Re- Failure resolution 6.3
accuracy prevention liability
Access o Operational
controllability 6.2 Data exchangeability | 6.8 consistency in use 8.2
Message
Re- Fault removal 6.2 Access 6.4 understandability in | 8.0
liability controllability use
Function Function
understandability 2.0 Fault removal 9.6 understandability 79
Evident functions 8.9 Failure resolution 9.4 ... |Evident functions 7.8
0 onal Usability Self exol
perational 7.5 Fault density 8.8 elf explanatory 74
consistency in use error messages
Message . .
understandability 7.2 Failure density 8.4 Undoability 6.6
. against test cases
in use
Self explanatory Break-down Understandable
7.2 : 7.0 : 6.5
... |error messages . ... |avoidance input and output
Usability — Reliability -
Undoability 6.7 Test coverage 6.8 Error correction 6.4
Physical 6.6 Availability 6.8 Response time 9.7
accessibility
T Mean time between
Help accessibility 6.5 failures (MTBF) 6.6 Throughput 8.6
Response time
Understandable 6.4 Restartability 6.3 (Mean time to 7.9
input and output
response)
Interface 63 Estimated latent fault 6.1 . Maximum memory 77
appearance ‘ density -1 | Efficiency | ytilization ’
Response time Response time
(Mean time to 8.4 Error correction 7.3 (Worst case response| 7.6
response) time ratio)
Efficiency Response time 8.2 |Usability Operational 6.6 Turnaround time 7.4
consistency in use
Turnaround time 78 Function 6.2 Mean occurrence of 65

understandability

memory error
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Web/App software Embedded software Installation software
Main- . Average Main- . Average Main- . Average
charac- Metric name ~orade charac- Metric name grade charac- Metric name ~otade
teristic g teristic teristic &
Throughput (Mean
Throughput 7.1 Response time 9.2 amount of 6.4
throughput)
. Response time Throughput (Worst
Maximum memory 6.8 (Mean time to 8.0 case throughput 6.4
utilization >
response) ratio)
Response time
orst case . roughput . udit trail capabilit .
AU 6.7 Throughp 7.4 Audit trail capability| 7.1
response time ratio)
Turnaround time Response time
Mean time to 6.4 Worst case response| 7.2 Change success ratio| 6.6
p g
turnaround) time ratio)
Turnaround time fici
(Worst case 6.3 Efficiency Turnaround fime 6.2 .. |Diagnostic function 6.4
turnaround time : “ |Maintain | gypport :
ratio) ability
L . . Turnaround time o
Mglptaln Audlt.ﬁrall 71 (Mean time to 6.1 Status. monitoring 6.0
ability | capability turnaround) capability
System software Turnaround time
s (Worst case Modification impact
environmental 7.9 . 6.1 S 6.0
s turnaround time localization
adaptability ratio)
Porting user /O devices SysFem software
L s 7.2 e 6.0 environmental 9.3
friendliness utilization o
Portability adaptability
Adaptability of o - Porting user
data structures 70 Audit trail capability | 7.6 friendliness 87
Avallgble 6.9 Diagnostic function 7.1 Ease of installation | 8.6
co-existence support .
Failure analysi Portability | aptability of dat
Ease of installation| 6.1  |[Maintain | oo, NS 7.1 aptadtlity of data| ;
ability capability structures
Mod1'f1ca?t10n impact| ¢ g Ease of setup retry | 7.3
localization
Hardware
Change success ratio| 6.2 environmental 7.1
adaptability
Hardware
- environmental 7.9
adaptability
.. |System software
Portability | o1 vironmental 6.6 i
adaptability
Adaptability of data
6.2
structures
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Table 5 Web/App software case
Applicant suggest Utilize ISO/IEC 9126-2 metrics Com-
Item Criteria Results Item Criteria Results parison
Keep the web login Does it perform the
Processing of concurrent XX people |Transmission |operation properly when [when XX people
simultaneous connected users connection |capacity more than XX concurrent |are connect, match
connections more than XX people is possible |utilization connected users are perform properly
peop connected?
connection Web login response Maximum  |Response How long is the response
response speed time should be XX s fime time of software web |Maximum XX s |match
P P within XX s login?
gltclzge(sielrlr?:slfa ﬂele When sending the XX EA success
Control of the more than XX gases encoded message more |received
loss rate of the |. o than XX cases in transitive |messages/XX EA
in transitive server, | XX % Throughput . match
encrypted receiving rate of server, how many encode |sending
communication encode %nessa e is message is received messages
more than X)% v successfully? (XX %)
0
When unregistered Access When unregistered
Mobile access |mobile phone try to XX % controllabilit mobile phone try to login, XX % match
control login, failure should ° How much access can be °
be more than XX% y blocked?
Ensure the Web browser the System Login function is work |Work properly
validity of the login function is XX EA software properly with XX or more |with match
browszr working properly is environmenta |of the Web browser of the | XX EA
XX EA or more 1 adaptability |operating environment? |Web browser
Among the XX kinds Through verifying
of message in availability using XML
Ensure the software, more than Data Schema, How many
validity of the |XX % message XX % corruption messages are enable to | XX % match
XML should be enable to prevention verify availability among
verify availability the XX kinds of message
using XML Schema in software?
Web browser should Does printing function of
Ensure the be more than XX that System main and important screen |Work properly
L . . . software work properly in more |with
‘éashsdlty of the i;aciillnazfi I;Irlim(ffta;li XX EA environmenta [than XX kinds of web |XX EA match
sereen P 1 adaptability |browser operating Web browser
environments?
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Table 6 Embedded software case
Applicant suggest Utilize ISO/IEC 9126-2 metrics Compari
Item Criteria Results Item Criteria Results son
Confirm the result of How many faults are
Static applylng the Code Rule List Violation XX | Fault discovered when ‘applyllng Violation XX
Analysis | USing LDRA 9.1.0 tool EA densit the Code Rule List using EA match
y about XX kinds of software ¥ |LDRA 9.1.0 tool about XX
project kinds of software project?
Confirm the result of I(;Ii(s)x)vr;lraer(liy ;;erfsa;rpelying
Static . applymg the Code Rule List Violation XX |Fault the Code Rule List using |Violation XX
Analysis- |using Sparrow4.6_t10 tool . match
) s EA density  |Sparrow4.6 t10 tool about|EA
Memory |about XX kinds of software .
. XX kinds of software
project .
project?
Confirm the Statement Statement How much does the Statement
Statement Coverage,
Coverage, Branch Coverage | Coverage Coverage
. . Branch Coverage of each
. of each project functions | XX %, Test . . XX %,
Unit Test| . project functions match
using LDRA 9.1.0 tool |Branch coverage |- . Branch
. implement, using LDRA
about XX kinds of software | Coverage . Coverage
) 9.1.0 tool about XX kinds
project XX % . XX %
of software project?
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Table 7 Installation software case

Applicant suggest Utilize ISO/IEC 9126-2 metrics Compari
Item Criteria Results Item Criteria Results son
How much is it accurate
Maximum and minimum compared between model
Parameter o . .
. of LDB quantity input . Computational |screen of maximum and |Is
setting . Is applied . . match
. into model screen should accuracy minimum of LDB consistent
cooperation-1 . . . .
be applied quantity and input into
model?
Implementing the number How much is it accurate
module features of model compared between
Para}meter and inputting the quantity Computational module quantity result s
setting of module number as Is output from the number module . match
. accuracy consistent
cooperation-2 | should apply and output features of model and
input into inspection output in inspection
condition screen condition screen?
EMG button From. implementing EMG Maximum . How long does it take Maximum
click function to complete, It XX s Response time |time to complete the XX s match
takes only within XXs EMG function?
Model of good data and How much is it accurate
. between model of good
defective one should be as .
Model . data and defective one
. the last date that Computational Is
quantity . Is stored and the last date that . match
implemented the accuracy . consistent
management ) implemented the
manual/automatic .
. . manual/automatic
mspection . .
inspection ?
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