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Executive Summary

The aims of the project were to investigate issues around deposition and preservation of software objects. Specifically by building a conceptual model of software so that it would be possible to model important properties to enhance the capture of the relevant information; by performing case studies to take a reading of the current situation and to apply the framework to a real-life example and to develop tools in support of the overall aim.  It focused on software required to support research data. 
This project developed a framework to be able to express software preservation properties in a consistent manner. It developed the links between the significant properties of a software object and the Open Archival Information System. This framework was applied to a working piece of software to ensure robustness of the framework. The case studies looked specific practical applications and discussed the outcomes; thus meshing the theoretical and practical in the same project.  Enabling changes in working practices to ensure or enhance preservation is best done at the creation of the digital object and this project developed a demonstrator tool, SPEQS, which addressed this issue. SPEQS allows a software developer using a particular development environment to interact with the software version management system whilst creating enriched curation metadata based on the framework.  
The conclusions from the project show that the area of software preservation for academic/research outputs has increasing importance. The case studies show that preservation information is best collected at the point of software development as part of enhancing software engineering practices. The demonstrator, SPEQS, has shown that it is possible to build this capability into standard Open Source tools such as Eclipse and Subversion to enhance the long-term usability of code. The framework has provided a language for discussing the issues around software preservation and has proposed the performance model to enable the description of what is to be preserved. 

Background

Software is often an important output of a research project. It can be the primary output of the research; a tool developed for a specific purpose or a proof of concept. In some cases the data and the processing software are inextricably linked so that the research data may be of little use without the specific software developed to process it. This means that preserving software may be required in order that it is possible to preserve other material successfully. 
It is widely accepted that the preservation of software in working form is particularly difficult to ensure over the long term. Software has critical dependencies on many aspects of its environment, such as the hardware and software platform, compilers, libraries, and other associated software components. Thus digital decay can affect software far more than other digital artefacts because changes in any one of these related technologies can render a piece of software inoperable. Furthermore, even when the software in question is actively maintained, its interfaces and functionality may evolve so that it becomes impossible to validate results by rerunning a particular analysis as it was in some previous version of the software.

Aims and Objectives

This project aimed to investigate issues around the deposition and preservation of software artefacts in repositories. The original aims and objectives were: “It will develop guidelines for the preservation of software research outputs, in particular, considering the use of existing software repositories such as sourceForge.   It will develop these guidelines from the partners’ experience in running a number of software repositories but in particular by monitoring and analysing in detail a particular case study which is a thematic software repository in the software engineering domain.”

Whilst the project has investigated issues in the broad aims, it has widened the case study scope from the original to make the project outcomes more widely applicable, thus addressing one of the identified project risks.  
The main strands were:

· Description of a framework to express software preservation properties.
· Case studies applying the framework 

· Production of a tool to improve software preservation

The project focused on the software required to be able to maintain access to scientific data rather than the issues involved in preservation for historical recording purposes. 

Methodology

There were three streams of work which used different approaches.

1. Description of a framework to express software preservation properties.
In this case the conceptual model of software and the linkage to the OAIS model was developed through discussions, both within the team and with a wider network of the STFC members of the CASPAR project. 

2. Case studies applying the framework 

Information for the case studies was produced by face to face meetings. These meetings were guided by the framework structure to ensure a systematic approach to information gathering.

3. Production of a tool to improve software preservation

The project team developed a set of scenarios to enable description of the problem; these were implemented into the Eclipse environment by the software developer. These scenarios included start-up of a new project, addition of a new module to a project, additional metadata but no changes to the code and modification of the code of an existing project.

Implementation

The project team decided to use the JISC funded work on the Significant Properties of Software as a starting point for the Framework. This meant that the project was delayed until this piece of work was completed. Once the conceptual foundations were in place, there were restructuring and recruitment issues within CCLRC/STFC which further delayed the progress of this project. These were resolved in summer 2008. These were identified as potential project risks and were mitigated as much as was possible in the circumstances. 

The three streams of work were run in parallel giving an opportunity for cross-fertilisation of ideas and practical application of the theoretical work. 

The framework was further developed from the significant properties report using the feedback from the case studies and parallel work in the digital preservation community. A productive dialogue was initiated with the STFC based members of the DCC and CASPAR project who are also looking at the issues of software preservation, but as a specialised case of a digital data file rather than from a conceptual view of software. This lead to several interesting meetings and the framework was enhanced as a result of this. 

Using the Significant Properties of Software as a guide, a structured interview script was developed and this was used to interview the case studies. In addition a team member used the framework to establish the practicalities of using this for software which is in a maintenance phase and has not been written by the person analysing it. The conclusion was that it was difficult but possible. This illustrates the point that it is more effective to build preservation mechanisms into the development phase rather than to do it after this phase.  This is analogous to the costs of modifying software after the design phase. The case studies highlighted the issues of cost versus benefit in retrofitting preservation to code. 

The software demonstrator was developed following on from the scenarios outlined in the section above. Each development stage was reviewed by the project team to ensure that it provided the correct functionality and to see what the user interface/usability was like. Once it was in a fairly complete state it was downloaded onto another project member’s desktop to ensure that the documentation was correct and that there were no hidden dependencies. 
Outputs and Results

The project delivered two specific reports and a software tool with associated documentation (designated as report III).

The main report details the software preservation framework. This framework is designed to outline a conceptual context for preserving software and to explore what this might mean in practice.  The report suggests the concept of a performance model to be able to establish whether the software preservation has been successful. To take a pragmatic approach to software preservation it is important to establish what about the software needs to be preserved, for example is it the look and feel of the interface but it doesn’t need to be completely functional or is it the functionality and the look and feel is not so important. Having decided on this, then the software preservation approach can be determined. This is an analogous step to identifying the designated community within the OAIS model. The framework suggests a conceptual model of software which is loosely based on the Digital Library domain Functional Requirements for Bibliographic Records (FRBR). The framework identifies four levels: product: this is the top conceptual term for the software under consideration; version: this is a software product which provides a coherent presentation of the functions, a new software release would be considered to be a new version; variant; this would be for different instantiations of a version for different operating systems for example and finally instance which is a physical entity with a particular product/version/variant combination. Using this model it is possible to generate the important properties for each level to be able to preserve software. The framework was then extended beyond the work done for the Significant Properties report to consider how this works interfaces to the OAIS model. For an information object there needs to be descriptive, content, preservation description and packaging information; the information object is formed for a designated community by the combination of the data object and representation information. The figure below shows the relationship.

[image: image3.png]Software
Compiler

Descri
ptive

Software
Source

Data Source

P

So

Compiler

rocessing

Compiler
Performance/
ftware Processing

Software
Processing/
Data Processing

3

PDI

Data
Performance

N





Figure 1: The relationship between OAIS Information Model and the Software Performance model

 The second report discusses two separate case studies, one with the British Atmospheric Data Centre and one with work done at York with Mondex and Z/Eves. It compares and contrasts the approaches taken and extends this to generalities. It identifies the fact that for these two organisations software preservation is not happening actively as part of the software development process so that the costs of preserving software after the fact are not well understood but are significant enough to deter organisations from doing so. The Mondex case study shows that functionality can be preserved through rigorous formal specification languages and indicates that it may be a slightly simpler task to preserve the logic rather than operational code. The BADC case study in particular shows that the type of functionality demonstrated by SPEQS would assist in software preservation if it were adopted by the software engineering community. 
The demonstrator tool, SPEQS, is designed to show how capturing preservation information can be done throughout the software lifecycle to ensure aid any potential preservation in the future. SPEQS is designed to interface with Eclipse which is an Open Source interactive software development environment and Subversion, a software version management system. It enables the creator & modifier of the software to add, modify and query information on significant properties to the software files. When saving the completed code, it prompts for information linked to significant properties and wherever possible provides a controlled list of terms to ensure consistency of description. This process builds in preservation from the start of the implementation process. This tool has been fully documented and this is also available.
Outcomes

The outputs of the project form the start of a knowledge infrastructure about preserving software. It is still considered to be a difficult task and it not at the forefront of the repository/academic list of priorities. Most of the work done to date has been linked to specific domains, such as gaming hardware and the cultural sector. There are opportunities to be able to influence future generations of software developers so that software becomes easier to preserve. 

The project has achieved the revised goals and has both developed the theoretical basis of the work and produced a working demonstrator as proof of the concepts. These are both transferable pieces of work as they are not application domain specific but linked to the process of software development.
The potential for these to improve the preservation of software for our identified stakeholders: academic institutions, academic software developers, digital preservation community, will be realised through further specialist dissemination to particular communities. 
Conclusions

The area of software preservation for academic/research outputs is becoming more important. The case studies have shown that preservation information is best collected at the point of software development as part of enhancing software engineering practices. The demonstrator, SPEQS, has shown that it is possible to build this capability into standard Open Source tools such as Eclipse and Subversion to enhance the long-term usability of code. The framework has provided a language for discussing the issues around software preservation and has proposed the performance model to enable the description of what is to be preserved. 
These are all good first steps in an evolving software preservation landscape. 

Implications

The tool could be further developed to support other software development environments and other software version management systems. The conceptual framework can form the basis for work to understand the cost/benefits for preserving software as a research output. 
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