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A Taxonomy of Software Engineering Environment Services: The 
Upcoming ISO/IEC Standard 15940

Dan Hyung Lee and Juan Garbajosa-Sopeña

This paper introduces the upcoming ISO/IEC software engineering standard 15940 – Software Engineering
Environment Services – and describes its motivation, background and basic guidelines. This standard
presents the set of services to be provided to the different kinds of users in software engineering environments
from the point of view of software lifecycle processes.

Keywords: Assisted Software Process, CASE tools,
ISO/IEC 12207, ISO/IEC 14102, Software Development Envi-
ronment, Software Lifecycle Processes, Software Process
Automation

Introduction
The automation of software engineering lifecycle proc-

esses is still an open issue for the software engineering commu-
nity. For many years the main obstacle to achieving automation
was seen as a basically technical problem, focused mainly on
tool integration. That was the case in the early 90s when
platforms such as PCTE (Portable Common Tool Environ-
ment) [1] were seen as part of the solution to the problem, the
goal of which was to achieve integrated environments via ref-
erence models. A number of opinions refuting these commonly
accepted approaches can be found in [2]. A reference model
published jointly by the European Computer Manufacturers
Association (ECMA, <http://www.ecma-international.org/>)
and the US National Institute for Standards and Technology
(NIST, <http://www.nist.gov>) was released in 1993 [3]. While
this report is well structured and comprehensive, the services
included are mainly of a technical nature and do not address
many of the end-user services, reflecting the extent to which
technical requirements were considered as the main concern.
Later, end user services were addressed in [4]. 

Meanwhile further progress was being made in the definition
of lifecycle processes, with ISO/IEC 12207 [5] being published
in 1995. Reference [5] describes a comprehensive set of proc-
esses, activities and tasks to be performed when acquiring or
developing software. While it does not address their implemen-
tation or automation it has in all probability been one of the
standards which has had the greatest impact on the software
community, with the exception of the ISO 9000 series. It covers
areas such as the specification, development, re-engineering,
acquisition, supply, or maintenance of software based systems.
During the 90s, lifecycle processes gained an ever greater
importance within the community, while process maturity and
improvement were also considered. 

Software Engineering Environments (SEE) are intended to
provided at least partially automated support to software lifecy-
cle processes. But the term SEE is used to denote a wide range

of entities: from a juxtaposition of tools running under the same
operating system to a fully integrated environment, able to con-
trol all data, processes and activities in the software lifecycle.

For a user interested in a specific process, there is no clear
vision of what services an SEE might provide, what the rela-
tionships between those services might be, or how an SEE
relates to the software engineering life cycle as a whole. For
this reason, it is difficult to make a proper assessment of prod-
ucts that claim to be an SEE. It is frequently difficult to under-
stand the role a software engineering tool might play in an SEE
without an overall view of what an SEE is. It is difficult for an
organization to achieve the proper level of automation in its
process improvement efforts without a well-defined set of soft-
ware engineering environment services. This problem can be
resolved by generating a comprehensive, objective description
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of the services that make up an SEE. In the light of all the
above, a study period led to the production of a draft standard,
NP 15940, Software Engineering – Software Engineering
Environment Services, prior to producing a definitive standard
that would include all those services required by a software
lifecycle process. Reference [3] was used as a key input, given
the widespread support it enjoyed.

Our paper is organised as follows. Following this first
section, the introduction, comes Section 2, dedicated to the
concepts underlying the standard, i.e. the future ISO/IEC
15940. Next, in Section 3, we provide an introduction to
current reference model categories for SEE services as they are
today. And, finally, we present a series of conclusions.

Concepts Underlying The Standard
SEEs refer to a collection of services, partially or fully

automated by tools, that are used to support software engineer-
ing activities. An SEE provides automated services for the
engineering of software systems and the management of soft-
ware processes. It includes the platform, system software, util-
ities, and installed CASE (Computer-Aided Software Engi-
neering) tools. A service is an abstract description of support
for activities and tasks for the improvement of issues such as
productivity, quality, or performance. A service may be assisted
by CASE tools. 

A service is self-contained, coherent, discrete, and may be
composed of other services. A CASE tool is a software product
that can assist software engineers by providing automated
support for software life-cycle activities as defined in [5].
Finally, an automated process is a software process that is
enacted with either full or partial support of CASE tools.

The term SEE may cover several situations: from the mere
juxtaposition of a few tools running on the same operating
system, up to a fully integrated environment able to handle,
monitor, and even control all the data, processes, and activities
in a software life cycle. An SEE provides support to human
activities through a series of services that describe the capabil-
ities of the environment. The software process supported by an
SEE becomes an assisted or automated software process. This
standard describes SEE services and relates them to [5] in a
manner applicable to a range of organisations. When defining a
lifecycle process an organisation needs to find the appropriate
level of automation. This may result in establishing a new SEE
or improving an existing one. As an SEE’s capabilities are
expressed by means of services, this emphasises the fact that an
individual performs activities with the help of the SEE. Servic-
es provide a link between a set of chosen software life cycle
processes and their automation by means of tools. In most cas-
es, a tool’s functionality can be related to one or more services.

Through the partial or full automation of activities an SEE
provides benefits to an organisation in the form of lower costs
(higher productivity), improved management, and the higher
product quality that can be produced. For example, the automa-
tion of repetitive activities such as the execution of test cases
provides not only productivity gains but can also help to ensure
completeness and consistency in testing activities. 

Specific criteria or the process used in the selection of one or
more CASE tools, or recommendations to adopt CASE tools
within an organization are outside the scope of project 15950.
These criteria and detailed CASE tool characteristics can be
found in [6] and [7], currently under revision by ISO/IEC JTC1
SC7 Software and Systems Engineering Sub-Committee.

Reference Model: Categories for SEE Services
The upcoming ISO/IEC 15940 will provide a reference

model for SEE services. As a reference model, ISO/IEC 15940
will make use of a set of conceptual descriptions to describe
each service used in a project support environment. “Concep-
tual description” means that description is performed from a
reference viewpoint, and does not deal with any specific imple-
mentation. The description is therefore general and does not as-
sume any specific application domain, life cycle model, or tool
in a project. In this way ISO/IEC 15940 will be applicable to
any defined organisational environment. 

An actual environment is realized from a reference model
containing conceptual descriptions. Therefore, an actual
description of a specific environment would reflect a particular
activity with its tools and standards. In the current draft CD
ISO/IEC 15940, services are grouped into six categories that
reflect broad functional activities within a typical software
engineering organisation. The six categories of services are:
• Technical engineering: Technical Engineering Services

support activities related to the specification, design, imple-
mentation, testing, and maintenance of software.

• Technical management: The services in this section fall into
a category that considers both technical engineering and
project management. These services pertain to activities that
are often shared by engineers and managers.

• Project management: The services in this section support the
activities related to planning and executing a project.
Following project initiation, it will be necessary to carry out
detailed planning of the project activities, together with
ongoing monitoring and re-planning of the project to ensure
its continued progress.

• Process management: The services in this section support
projects with a view to achieving discipline, control, and
clear understanding in their life-cycle development process-
es as understood in IS 12207 and in the individual process
steps.

• Support: Support services include services that the rest of
the services will require to become operational. They gener-
ally include the services associated with processing, format-
ting, and disseminating human-readable data.

• Framework: These services comprise the infrastructure of an
SEE and will be required to support an SEE once it is actu-
ally implemented.

For each service it is possible to enumerate Basic Services
Operations (BSO) and a number of service tasks that can be
automated, known as Automated Operations (AO). An example
for each is provided in the next section.
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General Breakdown of SEE Services
The following section takes a more in-depth look at some

SEE services to give the reader a better understanding of the
structure of SEE services. 

4.1 Technical Engineering Services
• Software Requirements. Provides the ability to capture,

represent, analyse, and refine the system requirements that
are allocated to software components. Examples: for BSO,
to elicit and capture software requirements; for AO, require-
ments traceability.

• Software Design. Provides the ability to capture, represent,
create, analyse, and refine the design attributes of the soft-
ware components of a system or subsystem. Examples: for
BSO, to translate requirements into design elements; for
AO, traceability and consistency checking from software
requirements specification to design elements. 

• Software Simulation and Modelling. Provides the ability
to simulate and model in order to determine the effective-
ness of alternative designs with regard to such attributes as
user interface characteristics or execution flow. Examples:
for BSO, to build a model (graphical, logical, mathematical,
etc.) from requirements; for AO, assistance for graphical
operations.

• Software Verification. Provides the ability to confirm by
examination and provision of evidence that the specified
requirements have been fulfilled. Examples: for BSO, to
analyse specifications for consistency; for AO, inconsisten-
cy identification.

• Component Based Software Generation. Provides the
ability to automatically and semiautomatically generate
software components using existing components or compo-
nent templates. Examples: for BSO, to generate a parser
from a syntactic language description; for AO, traceability
from the components to the design specifications.

• Source Code Generation. Provides the ability to generate
modules from design specifications. Examples: for BSO, to
generate modules from design specifications; for AO,
module generation from design specifications

• Compilation. Provides the ability to support for the transla-
tion and linking of software components written in various
programming languages. Examples: for BSO, to find code
and inheritance dependencies among a set of software
components; for AO, to provide a compilation error list and
a description indicating module names and line numbers.

• Software Static Analysis. Provides the ability to provide
static analysis or source code analysis of software compo-
nents in order to determine structure within the component.
Examples: for BSO, to collect raw statistics from compo-
nent; for AO, the estimation of a computational metric of the
complexity of a component.

• Debugging. Provides the ability to locate and repair source
code errors in individual software components by controlled
or monitored execution of the code, and by tracking down
errors and replacing code. Examples: for BSO, the execution
of programs incrementally; for AO, execution output moni-
toring and saving.

• Software Testing. Provides the ability to test software
systems at individual software component level (unit test-
ing), and to test collections of software components (inte-
gration testing), and complete software systems (system
testing). Examples: for BSO, to generate test cases; for AO,
to record and store test cases.

• Component integration. Provides the ability to support the
development of software components that are uniquely
defined and combine these into a larger system or product
version that can be managed as a whole. Examples: for BSO,
to prepare software components for use; for AO, component
interface management

• Software Reverse Engineering. Provides the ability to
capture design information from source or object code, and
to produce structure charts, call graphs, and other design
documentation to provide new functionality or support a
new environment. Examples: for BSO, generate design from
source code; for AO, to design generation.

• Software Reengineering. Provides the ability to take a new
or modified set of software requirements and the existing
design as input and produce a new or modified design.
Examples: for BSO, to perform impact analysis of new
design on existing software components; for AO, modelling
support.

• Software Traceability. Provides the ability to record the
relationships between items of the development process.
Examples: for BSO, to create, update, and destroy relation-
ships between two items; for AO, to analyse results presen-
tation for traceability analysis.

• Software Prototyping. Provides the ability to produce a
software system that reproduces the user interface and emu-
lates the functionality and behaviour of the final system to be
built. Examples: for BSO, to build a model from require-
ments; for AO, model build from requirements.

• Documentation. Provides the ability to support the devel-
opment, integration, configuration management and tracea-
bility analysis of online and paper documentation. Exam-
ples: for BSO, building online documentation into a delivery
package; this can also be provided as automated support.

4.2 Technical management services
• Configuration Management. Supports the identification,

documentation, and control of the functional and physical
characteristics of configuration items to ensure traceability.
Examples: for BSO, to create a baseline definition; for AO,
to uniquely identify all configuration items and all changes
to configuration items.

• Change Management. Supports the creation of change
requests, change orders, and an audit trail of changes to
product components. Examples: for BSO, to create a change
request in response to a reported error, omission, or required
update; for AO, provision of a historical record of a change
request item.

• SEE Repository Management. Provides the ability to
create, access, and modify information objects (i.e. require-
ments specifications, test cases, simulation cases, E-R –
Entity-Relationship-diagrams, etc) in SEE repository man-
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agement and to record the relationships between them.
Examples: for BSO, to create, access, and modify groups of
information objects; for AO, any of the basic services.

• Reuse. Supports the storage, inspection, and reuse of assets
related to the engineering processes. Examples: for BSO, to
catalogue, register, and classify the asset; for AO, to provide
asset registration and cataloguing.

• Metrics Collection and Analysis. Provides facilities for the
collection and organisation of primitive data into meaning-
ful information to the end-users of the SEE. Examples: for
BSO, to compare a data set against a predicted model; for
AO, primitive data collection.

• Quality Assurance. Supports the definition, tracking, and
performance of quality assurance activities and the analysis
of their results. Examples: for BSO, to establish and main-
tain records of quality assurance activities; for AO, impact
analysis of quality assurance failure on a specific process
assurance item.

• Audit. Supports the planning and performance of audits and
the analysis and reporting of their results. Examples: for
BSO, to maintain a set of audit checklists; for AO, an audit
checklist linked to requirements.

4.3 Project Management Services
• Planning. Provides operations that permit data handling

according to a set of project objectives relevant to a project's
constraints. Examples: for BSO, to compute event lead
times; for AO, time graphing of key project events.

• Estimation. Supports the quantification, analysis, and
prediction of project costs and resource needs. Examples:
for BSO, to create and modify cost, size, and resource esti-
mates; for AO, to estimate changes linked to requirement
changes where appropriate. 

• Risk Analysis. Supports the planning and assessment activ-
ities that consider elements related to the success or failure
of a project. Examples: for BSO, to perform tradeoff analy-
ses based on differing parameters for resource allocation and
scheduling data; for AO, cost and schedule measuring.

• Tracking. Supports the tracking of project progress includ-
ing the cost, schedule, and user requirements. Examples: for
BSO, gathering metrics related to the current status of a
project and its constituent work activities; for AO, trend
analysis for cost deviation, and size.

• Evaluation. Supports the analysis, evaluation, and decision
making associated with service tracking, data collection
metrics, and user acceptance criteria. Examples: for BSO, to
elicit user acceptance for each requirement of the project
product; for AO, to assess project/product outcomes against
user acceptance criteria.

4.4 Process Management Services 
• Process Definition. Provides for the establishment of the

organisational processes covering the software life cycle via
the adaptation and tailoring of a set of higher order reference
processes. Examples: for BSO, to analyse process require-

ments, including domainspecific analysis and application-
specific analysis; for AO, any of the basic operations.

• Process Library. Supports reuse capabilities for processes,
including the creation, update, deletion, certification, meas-
urement, and management of process assets (activities,
tasks, etc.). Examples: for BSO, to create, update, and delete
process assets; for AO, process assets storage and version-
ing.

• Process Initiation. Supports the assignment of a life cycle
model, a set of processes and an SEE to meet the require-
ments and constraints for a particular project. Examples: for
BSO, to review project criteria and constraints, and select a
life cycle model; for AO, relationship definition, and tailor-
ing of processes and activities.

• Project Process Usage. These services include capabilities
for user selection and guidance, selection and control of
process steps, navigational and help facilities for users to
query the installed process for information on successful
actions. Examples: for BSO, the specification, collection,
and reporting of project process metrics; for AO, process
utilisation and status querying and reporting.

• Process Monitoring. Supports the observation, detection,
logging, and tracking of process activities (within projects).
Examples: for BSO, to set up monitoring conditions and
criteria; for AO, detection and log monitoring.

• Process Improvement. Supports the assessment, measure-
ment and modifications of the organisational and project
specific processes, and project life cycles. Examples: for
BSO, define effectiveness goals; for AO, measurement data
collection.

• Process Documentation. Supports those services related to
process documentation. Examples: for BSO, to identify the
documentation requirements; for AO, documentation
design, production, and editing.

4.5 Support Services
Support services include services that the rest of the services

will require in order to become operational. They generally
include services associated with processing, formatting, and
disseminating human-readable data. This section describes the
following services:
• Common Support. 
• Publishing.
• Team Support.
• User Communication Support.
• SEE Administration.
• Policy Enforcement.

4.6 Framework Services
These services make up the infrastructure of an SEE and will

be required to support an SEE once it is actually implemented.
This section describes the following services:
• SEE Infrastructure Management.
• Communication.
• Object Management.
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Mapping Services onto Processes
Since SEE services are understood to be closely linked to

software lifecycle processes, it is possible to map [5] activities
onto SEE services. Examples of this are, activity 5.3.4 from [5],
software requirements analysis, onto software requirements
engineering, software prototyping and user communication.
Another example from [5], 5.3.8, software integration, onto
software testing, component integration and metrics collection
and analysis. This is not only a consistency issue. This is also a
way of establishing a path from processes to services, and then
on to the tools that help processes to be performed, as described
in Figure 1.

Conclusions
This paper has described the main guidelines and con-

cepts underlying the upcoming ISO/IEC 15940 Software Engi-
neering – Software Engineering Environment Services stand-
ard. At present this project is at committee draft stage at
ISO/IEC JTC1 SC7 Software and Systems Engineering. A
baseline for SEE services in the context of the widely adopted
[5] has been set, while some issues may change during the
standard drafting process.
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