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Abstract. At the moment there is no set of metrics which soeas the

improvements brought in by efforts to make softwprecesses better. It is
often the case that these improvements are measusied informal and

subjective processes based on the perception ofogegs and/or auditors.
Bearing all this in mind, this work presents a detneasurements for gauging
the performance and capability of software procgdsased on the international
standard ISO/IEC 15504. This set of metrics aimslower the level of

subjectivity of people when measuring the procesfemore objective and

hence more formal evaluation is thus achieved.

1 Introduction

Nowadays, software companies know that succes®i(ins of time, money, quality,
etc.) in delivering a product lies in an effectivanagement of its software processes
[6], which involves four key responsibilities [9])) process definition, (ii) process
measurement, (iii) process control and (iv) proéegsovement.

One of the main reasons for the massive increasthéninterest in software
measurement is the perception that measuring thktyof the improvement process
[7] is another crucial activity. This involves cgimg out an efficient and effective
measurement process, with the following main gg@l4o help in understanding the
development and to maintain tasks, (ii) to allomjects to be controlled, (iii) to
enhance our processes and products [8].

However, when dealing with process measuremeri$, @mmonly known that,
generally speaking, most measures are defined rimtugpts: measures for software
processes are scarce. It is therefore importadetote our efforts towards research
into software process measurement. This is a k#yitscfor the success of software
process management and improvement, as this kirattfity, which gives some
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feedback to the process, depends on an appropndtebjective measurement of that
process.

The importance of process management justifies mainyhe standardization
initiatives of process improvement, such as CMMoBtrap or SPICE. Also, by
measuring the capacity of processes we can estirttege maturity of the
organization, as stated in current internationahdards such as CMMI [2] or I1SO
15504 [4] [5] which are widely accepted and used.

Currently, process improvement is measured by inébrand subjective processes
based upon the perception of employees and evatudtofortunately, they are not
based on formal measurement processes [11]. Inwibik, we present a set of
measures which are designed to evaluate the peafmenand capacity of software
processes, following the international standard/IBO 15504. With this set of
measures we aim to lower the level of subjectiwithen measuring processes,
increasing the formality and objectivity of the maion.

2  Framework for metrics definition

International standards related to evaluation nmathpresent a general framework for
evaluating and defining several indicators that tres taken into account when
performing an evaluation. However, they do notme#xplicit measures that help us
in calculating the performance or capacity of acpss. This value is very important
when we are trying to evaluate the maturity of ¢benpany, as this is closely related
to the capacity of their processes.

The scope of the current work is summarised irfahewing:

- Regarding the method for measure construction, vik apply the method
proposed in [13].

- As framework for the software process evaluationdeho our measurement
proposal will be based on the ISO/IEC 15504 stahdaee figure 1). More
specifically, we will focus on levels 1 (performeat)d 2 (managed).

— We will use the set of processes defined by LiglEQWDS [12] as a reference
model, which is based on the international stand@@fIEC 12207:2004 [3], (see
figure 1).

— The measures defined can be directly used by tight LMECPDS evaluation
method, but can be adopted by any other model bas¢8O/IEC 15504.

As we can observe in figure 1, two kinds of measare proposed:

— The first kind is related to the capacity dimengsiand its goal is to measure the
capacity of a process, taking into account the gsscattributes related to the
capacity levels defined by ISO/IEC 15504. For epobcess attribute, we will
define a “capacity measure” based on the measuteshéme following indicators:
(i) generic practice, (ii) generic resources usad §ii) generic work products
obtained in the process. These indicators are basedhe ISO/IEC 15504-
5Standard.

— The second group of measures is related to theepsadimension, and their goal is
to measure the process performance by considehiagcharacteristics of the
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processes defined in the Process Reference Modeight MECPDS. For each
sub-process, the “performance measure” is basedhenfollowing indicators
(which have been obtained from the ISO/IEC 15504-5ISO/IEC 12207
standards): (i) performed base practices andftdined work products.

CAPABILITY ISO/IEC For each attribute
Dimension 15504-2 PA.1.110 PA 5.2

Level 5 : Optimizing (2 attributes) Process capability assessment (Level 1 to 5)

Process Assessment

based on Process Attribute Indicators (PAI)
Level 4 : Predictable (2 attributes) -GP - Generic Practice
. - -GR : Generic Resource Amplification
Level 3 : Established (2 attributes) T OWP - G b duct Al
Level 2 : Managed (2 attributes)
Level 1 : Performed (1 attribute)
Level 1
Level 0 : Incomplete Additional indicators for process
performance assessment based on
PRI | Sootor Requraments Arae performance indicators :
ofere Le-Cycle. | PRIS | Developmert  |TDRES-4 | SonieReRremarte teaEE - BP : Base practices

Processes 3. Softrere Design

1356 | Softwere Constricion - WP : Work products
3.8 | Softwere Testing
SUP-T Gocumentation
D OTHNG  eie [SUPZ Configuration Management
e s SUP-3 Qually Assurance
SUP-T1__| Change request managemert
ORGATNZATIONAL » [ ORG.3 | Projects Management
ORGH Managements | oy | Hoieos Mans PROCESS
Improvemerts | ORG3.T | Process Establishment

Software Life- Cycle
Dimension

Processes ORG-S

Process Reference Model from
Light MECPDS (Based on ISO/IEC 12207)

Fig. 1. Structure and indicators for measure definition.

2.1 Need for Information

When carrying out a process evaluation in a compgamgext, we need to follow an
evaluation method that generates quantitative teswhich characterize the
performance and capacity of the process (or thanizgtion's maturity) [3, 10].
These results give information that allow us toedmine the current state of the
software process so we can find the strengths aaknesses that allow us to define
strategies for enhancing the processes.

To obtain the relevant information about a progesmformance and capacity, it is
necessary to provide a set of measures that aflevetaluation processes to work in a
way that is both more formal and more objective.

2.2  Goal of Metrics

We have used the GQM method to define clearly thed that we want to reach by
using the proposed metrics. The next table shoevgéimeral goal we want to achieve.
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Table 1. Goal definition

GOAL
To analyze The software process
With the purpose of Evaluating
With respect to The performance and capacity
From the point of view of The improvement process group
In the context of International Standard ISO/IEC 15504-5:2006(E)

3  Definition of performance process metrics

We have analyzed a standard process from the I8015504-5:2006 standard to
define the metrics at level 1 or performance ledslall the processes that follow the
standard have the same structure, we can definmeivécs for the other processes of
the reference model based on the one presentedHiguee 2 shows the structure of
the quality assurance process, which we have usedbase for the definition of the
metrics for measuring process performance.

.

y BASE PRACTICES

i
4 |sup1 er1| [sur1.eP2| |sup1.er3| |[sup1.er4l [suPieps
A Il

l T
Process peﬁcnﬂiﬂce data I £ d

S ——————— Adherenc of products, processes and activities to the y
INPUTS Quality measur y Ilcable sta dards, procedu es and requirements are verified

Quality plan | / Work Products
Picedss ,?;’fﬁ;’;,ﬁﬁ‘g“f o 3 Problem ancl,‘or non- conforrnance with OUTPUTS
Quality record //‘ agreed requirements are identified and recorded Process performance data
Cormective action regwﬂer/ ¥ Quality goals
Tracid e 2.[ Evidence of quality assurance is produced and maintained Quality plan
Quality criteria % Process description
sk Problem racord
pr 1. A strategy for conducting quality assurance s development // o Duslty ecord
uiem Tecor
y OUTCOMES > Corrective action register

Qualty cntena
PURPOSE -~
.// SUP. 1 /

Fig. 2. Structure of the Quality Assurance process in I50/15504-5:2006

3.1 Questions

As a starting point in the performance metricsrgéin process, we have stated a set
of hypotheses about the software processes. We dhefiged these hypotheses as
guestions we want to answer on the path to gegéinglid set of processes metrics.

— Does the achievement of the base practices infludine results of the software
process?

Do the input work products influence the resultshef software process?

Do the output work products influence the resultthe software process?

Do the results of a process influence the perfoomari a software process?
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3.2 Measures Definition

As set out in the schema of the Standard ISO/IEG045%:2006, the process
performance can be measured by means of the s@ulcasplementation of the
results. These results are related to the baséigega@and work products.

The measures of the level of process performanee baen defined, with the aim
of evaluating the degree of process fulfillmenthwieéspect to the process defined in
the process evaluation model. The measure defingichown in Table 2:

Table 2. Process Performance Measures

Process Performance Measures

1. Based on Base Practices

Measure Definition
NRP_std Number of results (defined in ISO/IEC 15504-5) bk tsoftware process being
evaluated.
NBPRi_std Number of base practices (defined in ISO/IEC 155p4which contribute to the
achievement of the resiilbf the software process being evaluated.
WRP Weight of each result of the software process beirsgjuated
WRP =1/ NRP_std
VBPRI_ro Value of the base practices for the resultachievement carried out by the
organizationlt is obtained from an information collection tool.
DFRi (BP) Degree of fulfillment of the resuitaccording to the base practices.
DFRi (BP) = VBPRIi_ro / NBPRi_std
DPP (BP) Degree of Process Performance based on the basegsa

n
DPP (BP) = WRP * z DFRi (BP)
i=1

2. Based on Work Products

Measure Definition

NIWPRI_std Number of input work products of the software psscéeing evaluated (defined
ISO/IEC 15504-5) related to the resiult

=}

NOWPRI_std Number of output work products of the software psscbeing evaluated(defined
ISO/IEC 15504-5) related to the resiult

=]

TNWP_RI Total number of work products of the result
TNWP_Ri = NIWPRi_std + NOWPRi_std
NWPRI_ro Number of work products carried out by the orgatiirafor the result i achievement.
It is obtained from an information collection tool.
DFRi (WP) Degree of fulfillment of the resuitaccording to the work products.
DFRi (WP) = NWPRi_ro / TNWP_Ri
DPP (WP) Degree of Process Performance based on work pduct

n
DPP (WP) = WRP * z DFRi (WP)
i=1

The process results defined in ISO/IEC 15504-5releed on the one hand to base
practices and on the other to work products. Soyder to obtain a solid measure of
process performance, there is an undergirding @ethiat both the base practices and
work products have the same weight.
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Table 3. Process Performance Measure

Process Performance Measures

Based on Base Practices and Work Products

Measure Definition

GPPM Global Process Performance Measure
GPPM = DPP (BP) * 0.5 + DPP (WP) * 0.5

4  Process Capability Measure Definition

We have analyzed a capability level from the 1SQ/IE5504-5:2006 standard for
defining the metrics at level 2 or capability levak all the capability levels of the
Standard have the same structure, based on theedefiheasures for level 2, the
measures of upper levels can be obtained. The igp#dvel chosen in the context

of this paper has been the level 2, “Managed PsjcpY, whose structure is

illustrated in Figure 3.

It is important to highlight that every processribtite result has only one generic
practice associated, as well as generic resourgegeneric work products which are
related to these results.

y GENERIC PRACTICES
/// | GP 2.2.1 | [ GP 2.2.2 | | GP 2.2.3 | |GP 2.2.4 I
i o
» ad
4. Tk products are reviewed in accordance with planned arrangements
and adjusted as necessary to meet requirements.
Generic Work PO &
Products 3. Work products are appropriately identified. documented. and controlled.

.}{equireme nts for documentation and control of the work products are define d//\

¥ g
1. Requirements for the work products of the process are defined. / > ¥ Generlc Resources

OUTCOMES > -
Pl a
management attribute management attribute
PA 2.2 Work prodl-;c’t - PA 2.1. Performance

MANAGED PROCESS
LEVEL 2 :

Fig. 3. Capability Level 2 Structure of the ISO/IEC 15502006

4,1 Questions

As a starting point for the capability metrics défon process, we have stated a set of
hypotheses about the software processes. We hdimedighese hypotheses as
guestions we want to answer as we go towards gedtiralid set of process metrics.

Do the process attributes affect the obtaining cdability level?

Do the results of a process influence the softywaoeess capability?

Do the generic resources affect the software peocagability?

Do the generic work products affect the softwakcpss capability?

Does the achievement of the generic practices hayanfluence on the results of
a software process attribute?
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4.2  Measures Definition

According to the schema of the Standard ISO/IEC04552006, the process
capability can be measured through the successfplementation of the process
attributes. These process attributes are relateldetgeneric practices, resources and
work products. The measures at the level of thpesad the process capability have

been defined with the aim of evaluating the cajigblevel of the process with
respect to a capability model. The definition afsh measures is provided in Table 4.

Table 4. Measures of the Process Capability Atteibu

Measures of the Process Capability Attribute

1. Based on Generic Practices

Measure Definition
NARP_std Number of attribute results (defined in ISO/IEC 085) of the process being evaluated.
NGPRi_std Number of generic practices (defined in ISO/IEC 045) of the process attribute being
evaluated which contribute to the achievement efrésuli
WRAP Weight of each result of the attributes of thewafe process being evaluated
WRAP =1/ NARP_std
VGPRI_ro Value of the generic practices carried out by tfgapization for the resuitachievement,
It is obtained from an information collection tool.
DFRi (GP) Degree of fulfillment of the resuilf according to the generic practices.
DFRI (GP) = VGPRIi_ro / NGPRi_std
DPAF (GP) Degree of Process Attribute Fulfillment based omegie practices

n
DPAF (GP) = WRAP * Z DFRi (GP)
i=1

2. Based on Generic Resources

Measure Definition

NGRRI_std Number of generic resources of the software proattsbute being evaluated (defined |n
ISO/IEC 15504-5) related to the resiult

NGRRi_ro Number of generic resources which are availabkaénorganization for the resiiltlt is
obtained from an information collection tool.

DFRi (GR) Degree of fulfillment of the resuitaccording to the generic resources.

DFRi (GR) = NGRRi_ro / NGRRIi_std
DPAF (GR) Degree of Process Attribute Fulfillment based onegie resources

n
DPAF (GR) = WRAP * Z DFRi (GR)
i=1

3. Based on Generic Work Products

Measure Definition
NGWPRI_std | Number of generic work products (defined in ISO/IE&504-5) of the process attribute
to evaluate which contribute to the achievemenhefresuli
NGWPRI_ro Number of the generic work products for the resultictually carried out by the
organizatiorlt is obtained from an information collection tool.
DFRi (GWP) | Degree of fulfillment of the resuitaccording to the generic work products
DFRi (GWP) = NGWPRI_ro / NGWPRI_std
DPAF Degree Process Attribute Fulfillment based on geneork products.
(GWP) n

DPAF (GWP) = WRAP * Z DFRi (GWP)
i=1
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The process attribute results defined in ISO/IEGQUBS are related to the generic
practices, resources and work products. So in dalebtain a solid measure for the
process capability, the weight for all these intbesiis considered (see Table 5).

Table 5. Process capability measures

Capability Process Measures

Based on Process Attributes

Measure Definition

GCPM Global Capability Process Measure.
GCPM = DPAF (GP) * 0.4 + DPAF (GR) * 0.3 + DPAF (GW) * 0.3

5 Measures support tool

Once the measures were defined, a tool based cesBayNetworks, supported in the
Elvira Software Tool [1], for information collectioand automatic calculation was
developed. The measures had to be collected fothallprocess attributes in the
capacity dimension and for each process in thegsdimension. The aim of this

tool is to provide companies with a useful instratn® automate the measurement
process and to reduce the subjectivity of the eamn process. The prototype

window that supports the calculation of the perfance metrics of the quality

assurance process is shown in fig. 4.

£ fivia
Archivo Inferencia Wer Tareas Opoones Wentana Ayuds
DESE| Rhoon v & P [Inferencia v |
e v] Recs PO S 144 IR O ML E W e

C:\slvira\ProcAssassNot.ely.

ractica_Base_SUP1.5P 2
EL ] c— 100 T 000 Bl s 1.00
AL 000 AT 0 a0 AL 000
2 0. 2 000
W — o — s -

24 Do
BT e— )

Practica_Base_SUP1.BP_4 Practica_Base_SUP1.BP,
o o o T

e e e (et -Vior... [ Dibwi-Pank | 4 Dbujo-Park @ ¥, 1226m.

Fig. 4. Bayesian Networks for automatic calculation of metrics.
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6 Conclusions and future work

This work is complementary to the standard. Thadsed offers a horizontal view of
the measurement process, because it provides thethraads in the evaluation of
software processes. The work we have presentethisnplaper is vertical to the
measurement process, however, as it provides medmc forms for information
gathering that help us to evaluate a software pirea formal and objective way.

A software company in search of process maturitpukh be disciplined in
software measurement. If we use a process oridotds, the need is not only to
measure the product. It is also necessary to be tabimeasure the processes for
improving the quality of the software product. Tép@al is to improve the quality of
the software product built by the company, by rajsihe efficiency and effectiveness
of the organizational process. Its competitivitythie global market will be heightened
correspondingly. To enhance the processes it @alrto measure appropriately, so in
this work we set out to provide companies with @aand more objective processes
for measuring and evaluating their processes, anchdke the measurement more
objective.

We have to take into account that the internatistahdards, as far as evaluation
methods are concerned, define a general framevasrkdrrying out the evaluation,
but they do not define explicit measures that helgletermining the performance
value or the process capacity. This value is vengartant when trying to assess the
company’s maturity, as organizational maturity lissely linked to the capacity of
company processes.

In this work we have also developed some formsrffmrmation gathering. These
forms are simple and by using them we can obtdmatde information for assessing
the performance and capacity of the process bemtuated. We have also built a
Bayesian net-based tool to facilitate the collettid information and the calculation
of the value of metrics.

Taking this work as a starting point, we have ssmreral future lines of work:

- To define the weights of the performance metridficents for base practices and
work products, using studies that have been caaigdh this field as a basis.

- To define the weights of the capacity metric caidints for generic practices,
generic resources and generic work products, basedtudies that have been
carried out in this field.

— To analyze the relationship between base practices work products in the
ISO/IEC 15504:2006 standard.

Currently, these measurements are being used in sitware enhancement
programs in two small companies from the south-grespart of Colombia (named
SIDEN Ltda. y Unisoft Colombia Ltda.) the purpossry to validate and refine those
metrics.
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