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Abstract 
Software development and maintenance organizations are 
more and more concerned about software process assess- 
ment and improvement when they are promoting the im- 
provement in the quality o f  their final products. Software 
process assessment and improvement are very complex 
activities due to the great number of  different aspects to be 
considered. In order to manage this complexity, it is useful 
to establish a conceptual architecture which includes all 
the aspects necessary. This conceptual architecture must 
involve the definition of  the metamodels and models neces- 
sary in order to carry out an assessment and improvement 
process in an effective and integrated way. In this paper we 
present a conceptual architecture of  four abstraction levels 
to represent and manage the assessment and improvement 
o f  the software process. The management of  the concepts 
involved in the conceptual architecture is provided by 
MANTIS-Metamod, which is a component o f  MANTIS, an 
integral environment for the management o f  the Software 
Maintenance Process (SMP). 

Keywords 
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Software Process, Measurement 

1. INTRODUCTION 
Research into software processes has undergone a boom 
over the past few years mainly due to the growing complex- 
ity of software systems. Software applications are very 
complex products and, therefore, difficult to develop and 
maintain. Any organization devoted to producing and main- 
taining software follows a definite process. Therefore, the 
software process is a process, but with particular character- 
istics stemming from the special complexity of the software 
products obtained. In fact, the final quality of a software 
product is directly related to the way in which it is devel- 
oped and maintained. This is encouraging software devel- 
opment and maintenance organizations to concern about 
improving processes when they are promoting improvement 
in the quality of their products. To this end, a few different 
initiatives to establish a reference framework for organiza- 
tions to improve their products have come about. The most 
noteworthy are CMM [18], CMMi [19], the ISO 15504 

[5;6;7] standard and, given its importance, improvement 
has been included in the new family of ISO 9000:2000 
standards [9;10]. These proposals promote the adoption of 
a focus based on processes when a quality management 
system is developed, implemented and improved. 

In order to treat with the complexity of software processes, 
first, it's necessary to know all of the elements involved. 
The software process may be defined as: the conjunction of 
coherent policies, organizational structures, technologies, 
procedures and artifacts which are necessary in order to 
conceive, develop, package and maintain a software prod- 
uct [2]. 

Given the diversity of elements involved in a software pro- 
cess, the definition and management of software processes 
in a organization isn't a trivial task. One of the basic ele- 
ments for successful management of software processes is 
to define them correctly, based on the notion of software 
process model. Numerous initiatives have sprung up on this 
notion. The modeling of software processes has become a 
very acceptable solution for dealing with the inherent com- 
plexity of the whole software process. In related literature, 
one can find diverse languages and modeling formalities, 
known as "Process Modeling Languages" (PMLs), which 
are aimed at precisely and clearly representing the different 
elements related to a software process. In general, the fol- 
lowing elements, (which are general concepts with different 
notations and terms) can be identified in a software process 
in the different MPLs [2]: Activity, Product, Resource and 
Organizations and Roles. 

Faced with the diversity of existing process modeling pro- 
posals, the need for a standard software process metamodel 
becomes apparent. This metamodel can serve as a common 
reference and should include all of the aspects needed to 
define, as semantically as possible, the way in which the 
software is developed and maintained. With this aim in 
mind, the Object Management Group has recently proposed 
the SPEM metamodel (Software Process Engineering 
Metamodel Specification) [14], which constitutes a lan- 
guage for the creation of models for concrete processes in 
an organization. This language is within the conceptual 
framework of the OMG four level architecture based on the 



MOF standard [13]. It allows the effective management of 
the different concepts related to software processes on dif- 
ferent levels of abstraction. 

On the other hand, to support the integrated measurement in 
an organization, it's necessary to establish a measurement 
framework in order to provide a common reference for the 
definition and management of the different measures used 
for the assessment process. To achieve this, it's necessary 
the definition of a measurement metamodel, from which it 
could be possible to derive concrete measurement models. 

In this article we describe a conceptual framework based on 
the four conceptual level architecture of OMG for the as- 
sessment and improvement of the software process. First, a 
general view of the architecture is given. In Section 3 the 
SPEM metamodel for the definition of process models is 
described. In the next section, the importance of incorporat- 
ing the measurement aspects with the definition of a meta- 
model which constitutes the common reference in the or- 
ganizations that want to improve their processes is ana- 
lyzed. A generic metamodel for process and product meas- 
urement must be established to carry this out. In Section 5 a 
concrete model for the assessment and improvement of the 
software process is described as a instance of the SPEM 
metamodel. In the next section a tool for automatic man- 
agement of this conceptual architecture is described. Fi- 
nally, the conclusions and related works are presented. 

2. C O N C E P T U A L  F R A M E W O R K  
The proposed conceptual framework is within the frame- 
work of the MANTIS project [16], whose aim is the defini- 
tion and construction of an environment for the integral 
management of the software maintenance process (SMP). 
MANTIS defines the way in which SMP is organized, man- 
aged, measured and supported. This framework is extensi- 
ble to any software process. 

For the management of SMP, MANTIS integrates, among 
other aspects, the people (with certain skills who carry out 
certain roles in the project) the techniques (or methodolo- 
gies) used by the people, the tools and activities (in which 
the teams participate and that help them to be familiar with 
significant targets). 

Aiming to integrate all of these concepts (inherent in all 
software processes) in MANTIS, a four level conceptual 
architecture is defined, based on the MOF standard (Meta 
Object Facility) for metamodeling based on object technol- 
ogy [13] proposed by the Object Management Group 
(OMG). The aim of MOF is to specify and manage meta- 
data at different levels of abstraction. MOF describes an 
abstract modeling language (based on the core of UML). In 
Table 1 the conceptual architecture of the MOF standard 
and its application in the MANTIS environment for improv- 
ing the SMP, and which is extensible to any software proc- 
ess, is shown: 

Table 1. Conceptual Levels in MOF & MANTIS 

Level 

M3 

MOF M A N T I S  

MOF-model MOF-model 

(Meta-Metamodel) 

M2 Meta-model 

M1 Model 

MO Data 

Software Process Engineer- 
ing Metamodel (SPEM) 

Model of Assessment and 
Improvement of SMP based 

on ISO 15504 

Instances of Software Proc- 
ess Assessment (real-world 

concrete Software assessment 
projects) 

In the lower level of the architecture, M0, the results of the 
application of an assessment and improvement process to a 
concrete software maintenance project are found. There- 
fore, the data that represent the results of applying an as- 
sessment process (and subsequent improvement) to mainte- 
nance projects are found on this level. These results make it 
possible to deduce the strong and weak points of the main- 
tenance process of an organization, fundamental for apply- 
ing improvement plans. The data managed at this level are 
instances of the data represented in the next level up, M1. 
The process model used in level M1 is based on the as- 
sessment and improvement model proposed in the ISO 
15504 standard. Therefore, this assessment and improve- 
ment model makes up a process model and is represented 
using an abstract language for the definition of any concrete 
software process. In MANTIS, SPEM is used as a process 
metamodel. This metamodel contains the constructors 
needed to define any concrete software process model, and 
therefore, it includes the abstract concepts needed to define 
any element of the assessment model of ISO 15504. For 
example, the generic concept of "activity" of SPEM is en- 
acted in the concepts "Present the assessment results" or 
"Derive a plan of action" pertaining to the concrete model 
from level M 1 (see Section 5). 

In the last conceptual level of MANTIS, M3, all of the 
metamodel process concepts are represented using the ab- 
stract language MOF, which is basically made up of two 
constructors: Class-MOF and Association-MOF (these are 
the principle elements from our point of view, although 
others do exist: package, for reuse, types of data, etc. ). In 
this way, all of the concepts from level M2 are instances of 
Class-MOF or Association-MOF. For example, the con- 
cepts of M2 Activity, Work Product are instances of Class- 
MOF, and the relations "Activity precedes Activity", or 
"Work Product precedes Work Product" are instances of 
Association-MOF. 
The other fundamental element of this conceptual architec- 
ture is the possibility of representing these metadata, struc- 
tures at different levels of abstraction, in accordance with a 



format which facilitates exchange. With this goal and to 
promote the portability of MANTIS, XMI (XML Meta-data 
Interchange) [15], a language based on XML (eXtensible 
Markup Language) [20], is used to openly represent the 
defined metamodels and models according to the concep- 
tual architecture of MOF. 

3. SOFTWARE PROCESS ENGINEERING 
METAMODEL (SPEM) 
SPEM (Software Process Engineering Metamodel) is a 
OMG specification in the final phase in which a generic 
metamodel is described for the description of concrete 
software processes. This metamodel is based on UML [12], 
and therefore, on the principles of object orientation and it 
serves as a template for creating concrete process models, 
such as: Rational Development Unified Process (RUP), the 
ISO 15504 assessment and improvement model, etc.. In the 
specification SPEM is defined like a software process meta- 
model and like a UML profile. Like a metamodel SPEM 
specifies the minimal set of elements needed to describe 
any concrete process of software development, without 
including constructors for specific areas or disciplines, 
making SPEM a generic metamodel. The main objective of 
this specification is to attempt to make the already existing 
diverse terminology in the languages of software process 
modeling more homogeneous, since the same concepts are 
sometimes referred to by different names. 

The conceptual model of SPEM is based on the idea that a 
software development process consists of the collaboration 
between abstract and active entities, referred to as process 
roles, that carry out operations, called activities, on tangible 
entities, called work products. 

The SPEM specification is composed of a set of packages 
in which each of their elements is described. All of these 
packages are constructed through the SPEM_Foundation 
package, a sub-set of UML 1.4, and the 
SPEM_Extensions_Package, which adds on the construc- 
tors and the semantics needed for the software process en- 
gineering. SPEM is basically structured in 5 packages that 
are: 

• Basic Elements. In this package the basic elements 
needed to describe processes are included They are: 
External Description, which contains a description of 
the elements of the model and Guidance which are as- 
sociated with each model element and provide more 
detailed information for the process performers. 

• Dependences. This package contains the following 
dependences defined in SPEM: Categorizes, which is a 
relation directed from a determined package to a proc- 
ess element corresponding to another package. It pro- 
vides a means for associating multiple categories to the 
process elements; Impacts that relates work products, 
and indicates that one work product could invalidate 

another; Import, which has the same semantics as the 
Import element of ULM, with the difference being that 
all of the elements have public visibility in SPEM; Pre- 
cedes, which is a relationship between activities or be- 
tween work definitions and it indicates "beginning- 
beginning", "end-beginning" or "end-end" depen- 
dences between these elements depending on the value 
of their kind attribute; Refers to that relates process 
elements and indicates whether or not they are included 
in the same process component; and Trace which is a 
relationship between Work Definitions and it has the 
same semantics as the Trace relation in UML. 

Process Structure. The main structural elements 
through which a process description is constructed are 
described in this package. In the Figure 1 the compo- 
nents of this package are represented. The main ele- 
ments of this package are: WorkProduct or artifact, 
which is anything that is produced, consumed or modi- 
fied by a process. It could be a document, a model, 
source code, etc..; Work Definition which is an not ab- 
stract operation that describes the work carried out in a 
process. They have explicit inputs and outputs referred 
to via Activity Parameter constructor; Activity which is 
the main subclass of Work Definition and it describes a 
part of work carried out by a process role such as tasks, 
operations and actions that a determined role carries 
out or helps. An activity can be made up of a set of 
atomic elements called Steps; Process Reformer, which 
describes the one responsible for carrying out a set of 
Work Definitions that make up a process and Process 
Role that is a subclass of Process Performer and it de- 
scribes the responsibilities associated to Work Products 
and defines the roles that are carried out and help in 
specific activities. 
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Figure 1. SPEM Structure Process Package 



Process  C o m p o n e n t s .  This package contains the ele- 
ments needed to divide one or more process descrip- 
tions into self-contained parts upon which configura- 
tion management processes or version controls can be 
applied. 

Process Life Cycle. This package includes the process 
definition elements that help to define how the proc- 
esses will be executed. They describe or restrict the be- 
havior of the process to be carried out and they are 
used to help plan, execute and monitor the process. 
With these elements the order of the execution process 
is established and it is possible to define the iterations 
and phases of the process. 

In short, SPEM makes the software process integrated man- 
agement within the proposed conceptual architecture easier, 
since the concepts of the different models are grouped un- 
der a common terminology. 

4. Incorporation of measurement in the conceptual 
architecture 
A fundamental element to be taken into consideration when 
modeling processes is the possibility of defining objective 
indicators that allow a software organization to assess and 
improve its processes in an efficient way. To do so, it is 
vital to establish a framework of process measurement. A 
good base for developing a measurement process is the one 
provided by the standard ISO 15504. In Figure 2 the flame- 
work of process measurement of the ISO 15504 norm is 
presented. 
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Figure 2 Framework of Software Process Measure- 
ment according to ISO 15504 

As can be observed in the Figure 2, it is necessary to define 
process metrics to satisfy certain business objectives and 

they are used to measure the needs of an organization. 
These metrics make up the objective base to be able to 
quantitatively indicate what can be expected from a certain 
process. In this manner, it is possible to know in function 
of the value of these associated indicators whether or not a 
process improvement will be needed. 

Besides, it is very important for an organization wishing to 
introduce an effective measuring process to be able to pre- 
cisely define concrete measuring models. These, when sup- 
ported by concrete tools, allow for the appropriate and nec- 
essary automation for process assessment. The majority of 
the problems in collecting data on a measurement process 
are mainly due to a poor definition of the software measures 
being applied. Therefore, it is important not only to gather 
the values pertaining to the measurement process, but also 
to appropriately represent the metadata associated to this 
data. In Kitchenham et al. [11] a method for the specifica- 
tion of measurement models is defined with the aim of cap- 
turing the definitions and relationships between software 
measurements. The proposed framework is made up of 
three levels of abstraction for measurement, starting form a 
generic measurement model and moving up to automation 
of the gathering of metric values on a project level. This 
idea of abstraction is fundamental to be able to integrate the 
measurement process effectively into the organization. 

Therefore, it is very convenient to introduce a generic meta 
model for measurement, making it possible to derive con- 
crete measurement models that make up the base for as- 
sessment and improvement processes in an organization. In 
Figure 3 our proposal for a measurement metamodel based 
on the ISO 15939 [8] standard is represented in UML. 
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As can be observed in Figure 3, from the point of  view of  
measurement, the elements on which properties can be 
measured are "Entities". An entity is an object (for exam- 
ple, a process, product, project or resource) that can be 
characterized through the measurement of  its "Measurable 
Attributes" which describe properties or characteristics of  
entities, which can be distinguished quantitatively or quali- 
tatively by human or automatic means. The aim of  attributes 
is to satisfy specific information needs such as, "the need to 
compare software development productivity with respect to 
a determined value". This abstract relation between attrib- 
utes and information needs is represented by the element 
called "Measurable Concept", that, in this case, would be 
"productivity ratio of  software development". As measur- 
able attributes, attributes of  the developed product size or 
of  development effort could be used. 

All measurable attributes are associated to a metric, which 
is an abstraction of  the different types of  measurements 
used to quantify and to make decisions concerning the enti- 
ties. All metrics are associated to a unit of  measure (for 
example, code lines), which at the same time pertain to a 
determined scale. In accordance with the standard, the 4 
scales distinguished are: nominal, ordinal, interval and ra- 
tio, although other classifications can be established like in 
Kitchenham et al. [ 11 ]. The three types of  metrics are: 

• Base Measu remen t ,  defined in function of  an attribute 
and the method needed to quantify it (a measurement is 
a variable to which a value is assigned). 

• Der ived Measu remen t ,  a defined measurement in 
function of  two or more values of  base measurements. 

Indicator ,  a measurement that provides an estimate or 
assessment of  specific attributes derived from a model 
with respect to information needs. The indicators are 
the base for analysis and decision making. These 
measurements are the ones that are presented to the us- 
ers in charge of  the measurement process. 

The procedures for calculating each of  the metric types are: 
• The values of  the base measurements are reached with 

"Measurement Methods" that consist of  a logical se- 
quence of  operations, generically described, used to 
quantify an attribute with respect to a specific scale. 
These operations can imply activities such as, counting 
occurrences or observing the passing of  time. The same 
measurement method can be applied to multiple attrib- 
utes. 

The derived measurements are obtained by applying a 
"Measurement Function", which is an algorithm or 
calculation carried out to combine two or more base 
measurements. The scale and unit of  the derived meas- 
urement depend on the scales and units of  the base 
measurements. 

The indicators are obtained with an "Analysis Model". 
An analysis model produces estimates and assessments 
relevant to the defined information needs. It consists of  
am algorithm or calculation that combines one or more 
base measurements and/or derivates with determined 
decision-making criteria. All decision-making criterion 
is composed of  a series of  limit values or used objects 
for determining the need to research, or to describe the 
confidence level with regard to a determined result. 
These criteria help to interpret the measurement results. 

Using this reference metamodel it is possible to measure 
any element of  a process or data model. For example, meta- 
model elements are not explicitly identified in SPEM (only 
one metric can be included as a kind of  Guidance) for 
measurement. Thus, with the incorporation of  this meas- 
urement extension to the SPEM metamodel, the possibility 
of  specifying which metrics will be associated to the proc- 
ess characteristics (activities or work products or some 
other measurable entity) arises for defining concrete proc- 
ess models. If we apply this metamodel to the elements of  
the SPEM model, we could measure important elements 
like the class Activity, and the classes Work Product and 
Process Performer. These elements of  the model have a set 
of  measurable attributes, such as for an activity: "the num- 
ber of  activities with which there is a precede type depend- 
ence". This attribute would be calculated with a metric to 
satisfy an information need like "Evaluate the software 
process coupling" and, in this case, the unit of  measure 
would be of  "Ratio" type. In this way, the work of  an as- 
sessment and improvement process is eased, since the ful- 
fillment of  the software processes carried out in a deter- 
mined organization are quantitatively registered. 

5. Model for the Software Process Assessment 
and Improvement 

Once a process metamodel has been defined, it is possible, 
based on this metamodel, to describe concrete process 
models in an organization. In this work a concrete model 
for assessment and improvement based on the ISO 15504 
[5;6;7] standard is proposed. This norm defines a bi- 
dimensional reference model for describing processes 
through the assessment of  their attributes, which are struc- 
tured at different capacity levels. The dimensions consid- 
ered in the norms are: the process dimension, in which the 
measurable objectives that should reach each process and 
their functionality are defined, and the capability dimen- 
sion, based on assessing a set of  attributes associated to 
each process to determine its capacity, necessary for its 
management and improvement. ISO 15504 provides the 
guide for carrying out a software assessment process and a 
method for continuously carrying out software improve- 
ments. 



So that an organization can improve its processes, their 
strong and weak points must be previously identified, mak- 
ing necessary an assessment process. The ISO 15504 norm 
provides the guide needed for an organization to carry out 
assessment and improvement processes. The use of this 
guide along with the definition of effective measurement 
models greatly facilitates the execution of an assessment 
and improvement process. In the Figure 4 the relationship 
between these processes according to ISO 15504 shown: 
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Figure 4. Software Process Assessment and Im- 
provement according to ISO 15504 

There is a strong relation between the assessment and im- 
provement processes. For an organization to apply an im- 
provement plan, it must first develop an assessment model 
that allows for identification of the aspects of the processes 
that need to be improved. Next, the elements of the assess- 
ment and improvement model proposed in this paper in 
accordance with the SPEM metamodel will be briefly rep- 
resented in the Table 2: 

Table 2. Mapping between SPEM and Concrete As- 
sessment and Improvement Model based on ISO 15504 

•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•-: :~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~: 

seem (M2) M2 !~a~eo~ fM! He~e~t~) 
............................................................ 

Phase ~:.~~i~~i~:....~i~ 
Process Improvement 

Activity ~ i ~ i ~  ~ ~ ~ ~  !~i~ ....................................................... 
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......................................................................................................................................................... 
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v~!i i~~ ~ N~i~ ...................................................................................... ......................................................................................................................................................... 

Examine the organization's needs and business goals 
Initiate process improvement 
Prepare for and conduct a process assessment 
Analyse assessment output and derive action plan 
Implement improvements 
Confirm improvements 
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SeEM fM2) ,M2 !~a~ee~ CM! ElO~O~t~) 
Sustain improvement gains 
Monitor performance 

WorkProduct 

Process Role 

Process Role 
assists 
Activity 

Process Role 
responsible of  
WorkProduct 

Organization's needs and business goals 
Assessment Request 
Assessment Input 
Process Profile 
Action Plan 
Owner of the Assessment 
Qualified Assessor 
Owner of the Assessment assists 

Prepare for and conduct a process assessment 
Qualified Assessor assists 

Reviewing the assessment input 
Qualified Assessor is responsible of  Assessment 
Input 

As can be seen in the Table 2, the concrete elements that 
make up the proposed assessment and improvement model 
are defined with SPEM constructors. 

This model provides the formal basis to carry out an effec- 
tive assessment and improvement process and, with the 
integration of this model in the four level conceptual archi- 
tecture, it's possible to adapt it easily and interchange it 
with other companies within the same domain. 

6. Tool for the automatic management  of the con- 
ceptual architecture 

As support to this conceptual architecture the tool 
MANTIS-METAMOD [4] has been developed. The aim of 
this tool is effectively managing the metadata at different 
levels of abstraction, using an intuitive and simple way of 
working with the correspondences between different levels 
and being able to openly represent these metadata for ex- 
change. The structure of the tool is the following: 

For the entrance of user data, the main components of the 
application are composed by and model and metamodel 
administrator, and by window systems that allow for a vis- 
ual description of the different projections of such models 
and metamodels. For example, the main elements comply- 
ing with the projection between levels M3-M2 are a meta- 
model administrator and a windows system that permits a 
visual description of the classes which are the core of the 
MOF model (Package, Class, Type of Data, Attribute, Op- 
eration, Reference, Association, End of Association and 
Restriction). The metamodel administrator, as well as the 
associated windows system that allows us to describe the 
classes of the MOF metamodel can be seen in the Figure 5. 
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Figure 5. MANTIS-Metamod interface 

The models defined by the user through the interface are 
validated and internally represented according to the hierar- 
chy of classes of the MOF model. 

To store the metadata the tool uses a metadata storage man- 
ager [17] which store them according to the XMI standard 
[15]. Using XMI, it is possible for the information on mod- 
els and metamodels to be exchanged between tools that use 
this open format. This greatly increases the capacity for 
integration with other tools and environments. The storage 
manager is designed to: 

• Store the MOF models defined in the tool in a metadata 
local repository in XMI 

• Import metamodels 

The repository manager provides the application with two 
basic services: storage and importation of metamodels that 
are stored in a metadata repository represented in XMI. 
With the use of XMI it's possible the interchange of the 
models (like the model of assessment and improvement 
proposed) and metamodels (like SPEM) with other organi- 
zations, which increases the capacity of the tool. 

7. Conclusions and Further Works 
In this paper a conceptual architecture based on the MOF 
standard for the effective management of the software proc- 
ess assessment and improvement has been presented. The 
assessment and improvement model based on ISO 15504 
has been integrated into this architecture, defined with the 
SPEM metamodel constructors. Moreover, a generic meas- 
urement metamodel is proposed as an extension to the 
above-mentioned metamodel to incorporate the measure- 
ment process with the aim of providing an integrated 
framework for the assessment process. This architecture is 

being used in the MANTIS environment to apply the con- 
cepts of the software maintenance process assessment and 
improvement. 

Given the diversity of the existing proposals on metamodel- 
ing of software processes [1], the need for a conceptual 
architecture on 4 levels that allows for effective and flexible 
incorporation of new elements to the defined metamodels or 
models is apparent. 

Our main objective with the framework proposed is to pro- 
vide integration support for two of the four key 
responsibilities of software process management [3] which 
are fundamental to improve the software process: 

• Define the Process, for which a generic metamodel is 
used. With SPEM, companies can define their software 
processes in a standard way. 

• Measure the Process. To provide an integrated frame- 
work for the measurement process a 
measurement metamodel based on ISO 15939 has been 
incorporated to the conceptual architecture. With this 
metamodel, a company could define all its concrete 
measurement models in an integrated way by using the 
same constructors. 

Among future lines of research, it is worthwhile to mention: 

• Refinement and improvement of a software process 
assessment model through definition, verification and 
validation of a set of software process models metrics. 

• Description of concrete measurement models, through 
the generic metamodel of the measurement proposed, 
to effectively support software process assessment. 

• Development of a tool for the management of the 
measurement process in an integrated way using the 
measurement metamodel based on ISO 15939 pro- 
posed. 
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