LIME: A Three-Dimensional Software Performance
M easurement M odel for Project Management

Summary:

An open model called QEST (Quality factor + Economic, Social & Technica
dimensions) has been developed to handle, simultaneously and concurrently, three-
dimensiona viewpoints of performance. This model was developed initially to represent
multiple views of performance of completed projects. It originally represented a static
view of projects. This paper presents an extension to this QEST model, which allowsit to
be used dynamically throughout a project’s life with the flexibility to represent, for
example, distinct views of quality depending on the phase of the lifecycle considered. This
model is referred to asthe LIME (L I1fecycle M Easurement) model and can accommodate
alifecycle model where each phase can have distinct relative distributions across the three
viewpoints.
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1. Introduction

The purpose of project management is to ensure that project objectives are met, such as delivering software
functionality on time, on budget and within the specified levels of quality, while optimizing the available
resources during the full Software LifeCycle (SLC). Over the past few years, the software engineering field
has developed an increased awareness of the need to measure both process and product to improve the
management of the software development lifecycle. Therefore, quality models such as the earned value and
defect distribution analysis models are gaining acceptance in software project management. In the first model,
the earned value concept is used for monitoring project expenditures versus expected progress at each project
phase, while in the second one, the defects are recorded during each lifecycle phase for defects identification
and prevention at earlier phases. There already exist a number of one-dimensiona models of performance,
which integrate individual measurements into a single performance index. The traditional performance model
of an organization is often derived from information within its accounting system, thereby taking into account
the economic-financial viewpoint. In the software engineering literature such tangible asset measurement is
discussed in performance management frameworks like the Balanced Scorecard (Kaplan & Norton, 1996), the
Intangible Asset Monitor (Sveiby, 1997) (Sveiby, 1998) and the Skandia Navigator (Edvinsson & Malone,
1997) (Skandia, 1998). Thesetypical quality models take into account only a single viewpoint of quality, the
number of defects, for instance. However, software quality has many other dimensions, such as usability,
quality of documentation, associated operational costs, etc. Restricting quality measurement, analysis and
management to only a single view of quality throughout an SLC does not meet project management
requirements. Current models are too oversimplified to properly reflect the multidimensional nature of
performance and of the analytical requirements of management when various “viewpoints’ must be taken into
account simultaneously. Therefore, to handle simultaneous multidimensional constraints in software projects,
management has had to rely mostly on intuitive perception of current project status due to a lack of
measurement techniques and models sophisticated enough to do the job. In addition to one-dimensional
models, many other issues have been identified by researchers, such as a mix of quantitative and qualitative
aspects, as well as integration of product and process analyses (Abran, 1995) (Birk et al., 1998) (McGarry,
1995).

In multidimensional analysis, distinct but related viewpoints of interest can be taken into account
simultaneously, each representing a distinct dimension of performance. Such a multidimensional model of


mailto:luigi.buglione@computer.org
mailto:abran.alain@uqam.ca

software quality has been presented in (Buglione & Abran, 1999a-€) (Buglione & Abran, 2000) (Buglione,

1999), where quality is viewed as the concurrent integration of three different viewpoints in the QEST model™:

« Economica: the viewpoint of management, who are “interested in overall quality rather than in a specific
quality characteristic [...] and the need to balance quality improvement with management criteria”
(Pressman, 1988);

e Socid: the viewpoint of the user, for whom software quality is achieved by all the properties required to
satisfy, correctly and efficiently, the present and future real needs of whoever buysit and usesit;

e Technical: the viewpoint of the developer, for whom software quality is achieved by “conformity to
functional and performance requirements explicitly stated, to development standards explicitly documented
and to implied characteristics supposed for every software product developed in a professional way” (1SO,
1991).

This model therefore alows the performance concept defined, as “the degree to which a system or a

component accomplishes its designated functions within given constraints’ (IEEE, 1990) to be addressed.

However, the initial QEST model was originally described as a static model to be implemented at a single

project phase.

In a competitive market period such as the current one, where the capability of a company to react on time to

customers' requests and to minimize the cost of goods and services offered is a survival condition, monitoring

performance levels during all SLC phases becomes a key component in improving the planning and the
delivery of goods and services, as well as for the design of improvement programs. For example, the costs of
finding and fixing the defects in later phases are much higher that in earlier phases (Kan, 1995), and defects
should be identified and removed as early as possible, preferably before the testing phases, in order to improve
quality and reduce these costs; Dynamic multidimensional quality models would contribute to ongoing
analysis during a project lifecycle for the continuous monitoring of project progress and for making
adjustments to forecasts and schedules of subsequent phases of projects. An extension to the QEST model, the

LIME (LIfecycle MEasurement) model has been developed to handle, smultaneously and concurrently,

three-dimensional viewpoints, for the analysis of measurement results throughout the various phases of

software development, considering both process activities and intermediate software product deliverables.

This paper presents this dynamic extension to the QEST model.

The paper is organized as follows. Section 2 describes the key concepts of the QEST model; section 3

describes an overview of its extension, the LIME model, for use throughout the software lifecycle; and section

4 presents a suggestion for the use of the LIME model in process improvement frameworks.

2. The QEST model

This section presents the model proposed initially to
present a multidimensional view of performance, a
model that will be extended in the next section to
represent project performance throughout the
lifecycle phases. The initial model is referred to as
the QEST (Quality factor + Economic, Socia and
Technical dimensions) model. In the QEST model?,
the measurement of performance (p) is defined as
the integration of an instrument-based measurement
process (expressed in the model by the component
RP - Rough Productivity) with a perception-based Figure 1 - QEST model and its hyperplane sections
measurement process based on the subjective

perception of quality (expressed in the model by the component QF - Quality Factor). The QEST model

1 The vi ewpoints listed reflect the perspectives of three possible groups of stakeholders, the same ones who were listed in the 1ISO/IEC

JTCL/WG6 work.
2 Several publications cover the different aspects of the QEST Model as follows: theoretical aspects (Buglione & Abran, 1999b,c) (Buglione,
1999) , geometrical and stetistical foundations (Buglione & Abran, 1999), implementation of the model (Buglione & Abran, 2000) and the
Quality Factor (Buglione & Abran, 1999a).



provides a multidimensional structured shell, which can then be filled according to management objectives for
any specific project, and is therefore referred to as an open model. This topology of performance models
makes it possible to handle the multiple and distinct viewpoints already discussed, all of which can exist
concurrently in any software project. This section presents the design of this open model for the measurement
of software project performance. A three-dimensional geometrical representation of aregular tetrahedron was
selected as the basis for the model, and isillustrated in Figure 1. Furthermore:

« the three dimensions (E, S, T) in the space correspond to the corners of the pyramid’'s base, and the

convergence of the edges to the P vertex, which describes the top performance level;
« when the three sides are of equal length, the solid shape that represents this three-dimensional concept is
therefore a pyramid with its triangular base and sides of equal length (tetrahedron).

This pyramid-type representation imposes the following constraint: the sides must be equal. This is achieved
through giving equal weight to each of the three dimensions chosen — and with sides of length exactly equal to
1 (regular tetrahedron); in this way, the dimensions are represented through a normalized value between 0 and
1 for each of them on aratio scale, for ease of understanding. With this 3D representation, it is possible to
determine and represent performance considering distinct geometrical concepts (distance, area and volume). In
this representation, the ratio between the volume of the lower part of the truncated tetrahedron and the total
volume of the tetrahedron represents the normalized performance level of a project being assessed. The
geometrical approach permits representation of the measurement of performance in a simple and visua way.
The selection of the regular tetrahedron was also suggested by the idea that the vertex of the 3D shape
represents, from a conceptua viewpoint, the convergence of different viewpoint evaluations into afinal, single
one. Another important factor to take into account is the use of normalized values in order to give management
greater value readability to support decision-making.

3. TheLIME model

The LIME (L Ifecycle M Easurement) model extends the QEST model concepts to a dynamic context, such
that the model can be applicable to each step of any topology of SLC selected®. For illustrative purposes only
here, the LIME model considers a generic 6-phase waterfall SLC structure. The intrinsic SLC dynamicity
and sequentiality necessarily imply the adoption of a notation to describe the process and its flows. From the
various possible notations found in the technical literature®, the ETVX (Entry-Task-Vaidation-eXit) notation
(Radice & Phillips, 1988) has been selected for usein this paper. Figure 2 expresses the relationship between
activities and results, the " phase of a project along a certain time-flow t. In this notation system, the output
of the (n-l)th phase represents the input for the n"one; processing produces the n" output, which will be the
input for the (n+1)th phase, and so on. It must be noted that the measurement results (| g [ & Ol, 06) can

be added since they have been normalized within the QEST model to facilitate an understanding of them and
arepresentation of them in a 3D space:

S S ot R [0 S Pt VP R P S T O = IR IR
o oo Moo oo Moo Moo [T oon |

Figure 2 — Input and output overlapping per phase

The framework for the LIME modé is the following:

Refer to (Buglione & Abran, 1999d) for SLC definitions and a taxonomy. For the purposes of this paper, the simpler, but also better known,
waterfall model is used; the spiral model also uses an SLC with six generic phases (Requirements; Specification; Design; Coding; Testing;
Maintenance) and organizations can easily adapt the LIME model according to their own model needs. This flexibility of the proposed
performance measurement model is referred to here as an open multidimensional model of SLC performance.

See http://source.asset.com/stars/l oral/process/gui de/notation.htm for areview of the main ones.

See (McAndrews, 1993) for an ETV X application.
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Figure 3 — The LIME model

The iterative definition, collection and analysis of multidimensional measures at each lifecycle phase offers,
therefore, the feedback required to make adjustments to the project processes in a timely fashion, both for the
next phase and for designing future improvements to the process of the preceding phase. Thisisillustrated in
Figure 4 with the four process improvement steps of the PMAI (Plan — M easure — Analyze — Improve) cycle
for each of the six phases of the waterfall model considered, based in every phase on a complete QEST
assessment. The use of the PMAI cycle into the LIME model requires fewer adjustments than when applied to
the QEST model. Basically, Step 1 represents a preliminary step that must be run just only once before starting
the measurement program, as similarly for Activity #1 in Step 6 (Collect project-company data)°.

e e e e e e e e e

Figure 4 — LIME model and PMAI Cycle
The key features added in the LIME model are:
a. Flexibility of distinct relative contributions from the three dimensions (E, S, T) in each phase: Distinct
groups of interest bring a contribution to quality during

each project phase, and in adistinct relative distribution. 100%

For instance, users are not present during the Coding 8 B Ecoromic
phase and managers might be quite involved in the b0 B Social
Testing phase; in paralel, the technical staff is a0 OTechnical
predominantly present during both of these phases. So, A0d

in each phase the relative contribution of the three O’f}' PN o SN o

groups must be determined quantitatively in a proper @“a a}@‘ & & &

way. This distribution — as illustrated in Figure 5 - must of =

be adjusted at each phase, using one's own project data Figure 5 — Dimensions Distribution

and historical data from past projects.

b. Flexibility of distinct relative contributions of evaluation sources in each phase: Similarly, the
characteristics of the relative distributions of instrument-based and subjective evaluations constitute one of the
basics of the QEST model. The extension of the QEST model to the whole SLC allows for variable tuples of
relative distribution values for each phase.

c. Flexibility in selecting measures and ratios suitable for each SLC phase: The treatment of each single
SLC phase makes it possible to select, for each organizational dimension, measures and ratios suitable for each
step; an extensive list of candidate measures is provided in (JLC, 1998 - pp. 148-153). The open structure of
the QEST and LIME models gives the flexibility to use, for any project, any suitable measures as
recommended by the organizational measurement group, in cooperation with the representatives for each
dimension.

For further details about PMAI cycle, steps and activities, refer to (Buglione & Abran, 2000).



4. Usagein process improvement frameworks

This dynamic use of the QEST model makes it possible to benefit from a measurement activity during the
various software production phases, considering activities and results from a process viewpoint; this makes it
useful for monitoring quality dynamically with respect to forecasts and schedules. In fact, it is possible to think
in terms of a representation of activities and results between successive phases, as in the ETVX process
definition notation. The dynamic feature of the LIME model enables iterative definition, collection and analysis
of multidimensional measures at each lifecycle phase, and therefore offers more timely feedback for making
adjustments to project processes prior to project completion. For example, each SLC phase could be viewed as
agroup of Proceeses, which in turn could be broken down into a series of processes and activities. For example,
the SPICE’ model (ISO/IEC TR-2 15504) (I1SO, 1998), summarized in Figure 6, proposes a framework based
on three process groups, each of those including one or more process categories each of which contains
multiple processes, for atotal of 24 processes, which is turn can be broken down into activities.

PROCESS GROUP PROCESS CATEGORY NO. OF PROCESSES NO. OF ACTIVITIES
PRIMARY CUS (Customer/Supplier) 4 44

ENG (Engineering), 2 53
ORGANIZATIONAL MAN (Management) 4 34

ORG (Organization) 6 61
SUPPORTING SUP (Support) 8 53

Figure 6 - SPICE Processes and Activities
In a SPICE model, the basic elements to be considered in the use of the LIME model can be the single process.
In the PLAN phase of the PMAI cycle
(Buglione & Abran, 2000), one step

addresses the linking of the measures 100% —-— ‘

. 90%
chosen to the corresponding process of 8% R — i

Input x-th phase 70% Outputx-th phase

the SPI framework chosen, such as &% . I
SPICE. Then, thresholds should be set > 0% — i M
for each measure as control limits; a Output Gt phase 0% Input (e 1)-th phase
lower value would indicate which 0%

cus ENG MAN ORG SuP

process must be verified and
controlled. Another aspect is the
monitoring of the coverage level of Figure 7 — Process Coverage in each S_C phase

processes, with reference to the SPI

framework chosen. Anillustration of thisis presented in Figure 7 using the five SPICE process categories for a
generic x-th SLC phase.

Of course there is a cost to collect data on quality and performance at each lifecycle phase. As usual, this
represents the cost of better and faster information for improving the decision making process much earlier in a
project life cycle, thereby minimizing the risks of not meeting project targets. Indicative effort estimates for
each SLC phase have been included in Annex 18,

|I]Tota\ ® Covered O Successfully Covered E

5. Summary

In this paper we first presented the QEST model (QEST - Quiality factor + Economical, Socia & Technical
dimensions) which makes it possible to move from a one-dimensional representation of quality to a
multidimensional representation in order to include the various aspects - technical, economic and social — that
exist concurrently in every organization. Then, a dynamic multidimensional model, called LIME (L Ifecycle
M Easurement), was proposed. The framework of the LIME model was presented and its key concepts
illustrated through a generic 6-phase waterfall SLC model, where each output of the (n-l)th phase represents the
input for the n™ one, and so on, thereby enabling the analysis of the quality of deliverables for current and
subsequent processes. This approach makes the analysis of measurement results more comprehensive and

’ SPICE version 3.03 is aligned with ISO/IEC 12207 standard (1SO, 1995).
8 Annex 1 can be downloaded at: http://www.geocities.com/lbu_measure/gestlime/annex1.pdf




useful by providing a multidimensional representation of performance, with the possibility of analyzing each
single dimension and any SLC phase of a project. Such ongoing analysis during a project lifecycle is useful for
the continuous monitoring of project progress, including quality, and for making adjustments to forecasts and
schedules of subsequent phases of projects.

To minimize data manipulation and analysis at each phase, a software tool prototype is being built to simplify
the data collection procedures and to automate the data multi-dimensional representation, as well as data

analysis.
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