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1. Introduction

This document presents an analysis and proposed amendments to the Trial version of SWEBOK Guide describing
software maintenance. The scope of the proposed amendments is to broaden the set of maintenance topics identified to
improve coverage of the body of knowledge on software maintenance, as well as to recommand additional references.

Figure 1 illustrates the second version [5] of a Software Maintenance Capability Maturity Model (SM-CMM) that was
initially published in 1996 [L4], keeping many of the attributes and features of the first version of the model and
modernizing it with the recent appearance of the CMMi. This new version of the SM-CMM model presents four (4)
software maintenance process domains and nineteen (19) software maintenance process areas. It is strongly aligned to
the CMMi to facilitate its use and to enable parallels to be drawn where maintenance processes refer to development
processes [8], or when they share some similarities.
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Figure 1.0 : Key process areas of SM-CMM [5]

The development of this software maintenance maturity model that has required an exhaustive review of the software
maintenance standards, industrial pratices, key references, publications and current research proposals. The list of key
process areas of this models already highlights processes that software maintainers use in their day to day work. Some
of these have not yet found their way in the 2001 SWEBOK v0.9 draft proposal.



2.0 Suggested clarifications within the current Maintenance taxonomy

The references in this Paper refer to the corresponding section numbers within the Maintenance Chapter of the Trial
version of SWEBOK Guide. We first focus on the content of the Maintenance taxonomy of topics, as described in this
version of the SWEBOK Guide.

1.1 Softwar e maintenance ver sus softwar e development

Basili states that software maintenance is a specific domain of software engineering, and that it is therefore necessary to
look into its processes and methodologies to take into account its specific characteristics [Bas96]. For instance, in a
software maintenance organization, it is important to understand how the management of maintenance activities differs
from the management of software project activities. While project management is organized towards the delivery of a
product within a specific timeframe and by a pre-arranged project closure date, the maintenance organization and
processes must be structured to handle ongoing work on a daily basis for its customers with, by definition, no closure
date. Key characteristics in the nature and handling of small maintenance requests have been highlighted in [1], for
example:

Modification requests come in more or less randomly and cannot be accounted for individually in the annual
budget planning process;

Modification requests are reviewed and assigned priorities, often at the operational level — most do not require
senior management involvement;

The maintenance workload is not managed using project management techniques, but rather queue
management techniques;

The size and complexity of each small maintenance request are such that it can usually be handled by one or
two maintenance resources;

The maintenance workload is user-services-oriented and application-responsibility—oriented.

Priorities can be shifted around at any time, and requests for corrections of application errors can take priority
over other work in progress.

Both maintenance practitioners and researchers have observed that the fit of the project-oriented SW-CMM modél is
weak and maintenance—oriented models have already been proposed from the maintainers point of view, rather than
from a developer’s viewpoint of large projects: Kajko-Mattsson [KajOl], Niessik Nie02] or April’s [Apr03]. We
therefore recommend that, in Section 3.2 of the Trial Version, the statement that SW-CMM applies equally to
maintenance be amended accordingly.

We also recommend to include in Section 3.2.1 on Maintenance Process Models the following references documenting
the best practices for a software maintainer be added. In particular, key maintenance process and activities best practice
models have been documented in [Hin92, Hat94, Zit96, Iso00, 1ti01, Kaj01, Nie02], together with detailed practices that
are important to the maintainer:

Hinley’s detailed process model is based on an iterative approach of accepting a stream of change requests
(and error reports).

Hather describes the wider aspects of the software maintenance process, in the form of applications
management.

Zitouni presented the detailed practices of a Software Maintenance Maturity Model.

Kajko-Mattsson has focusedon a Corrective Maintenance Maturity Model.

Morerecently Niessik offersan IT Service Capability Model that appliesto maintainers.

The UK Central Computer and Telecommunications Agency|[ 1ti01] has produced a series of guidelines on
good practice that apply to the maintainer, in the form of the Information Technology Infrastructure Library.
It would also be important to note that maintainers are obtaining 1S0O9001:2000 [I1so00] certification which
has a significant impact on their process and their customers.

We also recommend to introduce in Section 3.3.1.4 on Maintainability the references to standards related to
maintenance, such as 1S09126 [Iso91a], IEE1061 [1ee98], and |IEEE982.2 [Iee88] standards. Maintainability and many
other measures of quality of a software..

The reference to Colter [Col87] work should be quoted in the introduction to Section 3.3.2 on Management Problem:
More specifically Colter observed that that the major problem of software maintenance was not technical, but
managerial, and discussed in further details the many alignment, staffing and status issues found in software
maintenance.



The list of items in Section 3.4 on Techniques for Maintenance is, in our opinion, too restrictive to represent all the
techniques used by a maintainer. On the one hand, it should be highlighted that most of the developers design, coding
and testing techniques are used by the maintainer and, on the other hand, it might more appropriate to limit the content
of this section to the description of the software rejuvenation, migration and retirement subjects specifics to
maintainers. Rejuvenation Pfl01] includes typically redocumentation Pre97], restructuration Pre97] as well as
reverse engineering and re-engineering. Of course, investing resources in a rejuvenating effort typically will require a
business case: The maintainer must develop and present the decision criteria that will trigger and prove the potential
savings associated with the rejuvination of a legacy software [Pre97, Ben93]. Similarly for the migration or retirement
of a software which will require a plan as suggested in 1S012207 sections 5.5.5.2 and 5.5.6.1.

Finally, since the topic of ‘'impact analysis is adressed in other areas of the text (ex: 3.2.2.1), we recommend to move
the impact analysis text from this section.

3.0 Suggested additions to the taxonomy

We also suggest that a number of topics and sub-topics be added to the currently version of the Maintenane KA
taxonomy; specific references are also suggested to document the proposed additions. It is left to the SWEBOK
Maintenance associate editor to adapt the stucture of the Trial taxonomy to take into consideration the proposed
changes, including recommendation on addition of suggested references to the reference structure publication. The
following section presents additional topics observed to be important knowledge required by the software maintainers.
It is left to the SWEBOK associate editor to decide if these topics and references are to be added in the main text or
only asfurther readings.

Transition Management : ISO/IEC 14764, in section 6.7 states that it is essential that the maintainers look at what
activities, and related output, is, and is not, carried out during the development stage of a software. Many autors have
described the problems that occur in maintenance and often trace them back the cause to a weak or missing
development activity [Boe81, Sch87, HP90, Dek92, Wal94, Pig97, Ben00]. This means that emphasis must be made by
the maintainer during development to try to influence quality work.

Softwar e Engineering Process Group : Maintainers are involved in SEPG activities as full members of complex and
key support processes of the organisation. Maintainer process improvement includes an important communication
activity to publicise the uniqueness of some key maintenance activities [Fow90, Rif02].

Process Simulation : Process simulation techniques are used in the maintenance area. These techniques are used for
improvement activities to optimize the maintenance processes and case studies are described in [Bar95].

Software Maintenance Measurement : Maintainers in more advanced maintenance organization use extensively
customers satisfaction surveys to understand how their customers are doing [But95, Voi00, Cfi02]. Maintainers use
internal benchmarking techniques to compare different maintenance organisations and products to improve their
processes internally [ Abr93a, Bou96a]. External benchmarking of software maintenance organizationsis now becoming
more popular [Gui91, Abr93a, 1fp94, Mai02, 1sb03]. Measurement programmes specific to maintainers are also
described in publications [Gra87, Abr91, Abr93, Sp93, Sa94, Mcg95]. Software estimation models based on the
functional size of small maintenance have also been published [Abr95]. Pressman [Pre97, section 4.5.2] also indicates
that we cannot find one measure to reflect the maintainability of a software, and that a number of indicatorsisrequired!
This leads to external and internal measurement of the maintenability of software done by some organizations using
commercial tools [Boo94, Lag96, Apr00].

Accept/Reject Maintenance Requests : There is a unique process that the maintainers use to determine if arequest is
to be accepted or rejected (it has been observed that most often rejected requests are tranfered to a developer) [Dor97,
Apr01]. This process is often source of confusion by the customers and developers and need to be documented and
shared with all the stakeholders.

Maintenance Request Repository : An adequate information system (often shared with the operations help desk area)
must be used by the maintainer to manage the workload and to track a large number of users requests . It can become
the basis for the effort collection and an important component of the measurement infrastructure [Gla81, Art88, Iti01
section 4.4.7, Kaj01d, Nie02 activity 3].

Software Maintainer specific training and education : the following references on maintainers training and
education address the specifics for software maintainers [KajOlc, KajOle, KajOlf, Hum0O, PflO1 section 10.1 and
chapter 11]



Service level Agreement (SLA): Maintainers are or course on the front lines of all software support activities. They get
the service calls when software fails, and customers are not always interested to understand the details and the hidden
complexity. Maintainers need to understand and co-ordinate the service level across many softwares, hardwares,
external suppleirs and internal IT groups [Bou99, Apr01, Raf02]. Maintainers should therefore develop formal Service
Level Agreements (SLA) with their customers and tie them with their suppliers (also referred to as 'back to back'
SLA’s) to ensure a common understanding of what can be achieved and to manage service levels proactively [Mcbh96,
Bou99, Iti01 4.3.3. & 4.3.4, AprO1]. The maintainers should also be involved annually in the planning, updating and
negotiation of the SLA’s[1ti01 4.2, Dnmr96].

Other Maintenance Contracts : Many types of contracts can be inventoried in a maintenance organization and the
maintainers must get familiarized with al the contracts impacting his areas of responsibilities, and acquire the relevant
expertise when its time to sign or renew them [ 1tiO1 4.4.4 & 4.4.5, Mar94]. This, of course, should include design and
management of escalation clauses when service/software problems occur [Raf02].

Billing of the maintainers services : More and more often, the maintainer must track accurately its work and issue a
maintenance hilling to the customer organization; this must of course be supported by the development of a billing
policy [Iti01 5.4.2]. Maintenance service items and prices must be clarified and supported by a software maintenance
billing process and supporting systems.

Production systems surveillance: A maintenance organization must also put in place a production systems
surveillance set-up to prode, every day, the operational environment for signs of degradation or failures. Sich
surveillance systems ensure that problems are identified as early as possible(hopefully before the user is aware of it).
[1ti01 section 4.4.8].

Maintenance Planning : [Apr03] hasidentified in the SM-CMM practicesin five different planning perspectives used
by a software maintainer:

1) Annual Planning (budget, ressources, training, rejuvenation projects,...)[ Bal03, Pfl01, |ee98a];

2) Transition Planning of new applications [Pig97, 1SO14764];

3) Version planning of what isin and out of a new version of a software release [Mar83,Lal96] ;

4) Disaster Recovery (DR) planning which consist of planning the annual DR tests and

5) Planning at the individual maintenance requests (also called impact analysis)[1S014764, 15012207, IEE1219,
Lay90, Pfl01, Kaj01d].

Each of those planning activities have their own objectives and different outputs.
4.0 Additional references

In addition to the references already included in the Trial version, we recommend that the followinig seminal references
be added:

- Addition in Section 3.1.6 on Categories of Maintenance of Lientz & Swanson [Lie78][Lie8O] which
undertook the first surveys which categorized software maintenance into four different categories.

Software Maintenance Tutorial of Keith H. Bennet [Ben00] be inserted as akey reference asit is an overview
of maintenance quite similar to the proposed SWEBOK text. It is a good introduction document to software
maintenance.
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