[bookmark: architectural-guidelines-for-project-sof]Architectural Guidelines for Project Software Deliverables
The following guidelines are intended to increase the maintainability and reusability of software constructed as part of project deliverables.
[bookmark: glossary]Glossary
API
application programming interface
CLI
command-line interface
GUI
graphical user interface
IDE
integrated development environment
JSON
JavaScript object notation
SDK
software development kit
software package
a file or set of files following a standard file-format (and/or folder-layout) specified, produced, and consumed by a software-packaging toolchain.
standard I/O
standard input/output streams
[bookmark: complete-test-coverage-of-deliverable-so]Complete Test Coverage of Deliverable Software Functionality
Project software deliverables must include automated unit and/or automated integration tests sufficient to document and verify all project software functionality.
All tests should be constructed using one or more standard testing frameworks for the software platform chosen to construct the project software.
Running all tests and viewing all test results must be a simple operation documented in a README file co-located with the project software artifacts, and must be approximately as simple as (1) opening the set of deliverables (e.g. using an IDE) and (2) clicking a single button or invoking a single command.
Exceptions to this guideline must be documented with justification based on project software requirements.
[bookmark: examples-of-testing-frameworks]Examples of Testing Frameworks
· The .NET platform has Visual Studio Unit Testing Framework, NUnit, xUnit.net, and others.
· The MATLAB platform has several built-in options.
[bookmark: reusable-packaging-of-deliverable-softwa]Reusable Packaging of Deliverable Software Functionality
[bookmark: context-of-guideline]Context of Guideline
A functional software artifact may be categorized as an API, a CLI, or a GUI.
APIs are essential to effective development of CLIs and GUIs as well as development of other APIs. When designing and implementing software functionality, building a self-contained API for that functionality increases the quality of this and other software in the following ways:
· Providing an architectural firewall between the API and any dependent software interfaces (e.g. a CLI or a GUI) it may have in the current project.
· Providing an accessible starting point for development of related software functionality in future projects, without the necessity of refactoring or duplicating previous work.
[bookmark: statement-of-guideline]Statement of Guideline
Project software deliverables must include a set of one or more reusable self-contained software packages that collectively provide documented APIs to all project software functionality.
The following guidelines apply to each software package deliverable:
· Accessing the software functionality provided by the package from derived software constructed using the same platform(s) as the package must be available via some standard import or referencing mechanism provided by the packaging toolchain.
· Accessing the software functionality provided by the package from secondary software constructed using a different platform(s) from the package should be available via some standard mechanism, e.g. inter-process JSON streaming over standard I/O. A separate artifact (complementary to the package, such as a stand-alone executable built from the same components) may be delivered to satisfy this guideline.
· A build configuration or CLI script providing an automatic method of regenerating the package from the software source file(s) and any associated package specification file(s) must be included alongside the package.
· Documentation describing how to use the package within secondary software must be included alongside the package.
[bookmark: examples-of-packaging-toolchains]Examples of Packaging Toolchains
· If .NET is a platform chosen for constructing a project's software, then the project deliverables may include one or more NuGet packages. Each package would contain all non-executable assemblies sufficient to provide a coherent API to one or more aspects of deliverable software functionality. (Each package could also be complemented by a CLI artifact exposing the package's API via some documented convention, so that the API might be more easily accessible to software of different platforms.) All delivered packages would together provide an API to all deliverable software functionality. Each package's API would be documented via an XML file automatically generated from XML-formatted comments embedded in the source code. (This XML file provides the data required by code-editing programs to offer intelligent code completion features.)
This set of packages would be accompanied by a stand-alone, human-readable, richly formatted, and internally hyperlinked document that describes the total API surface. (For the .NET platform, an artifact of this type can be automatically generated using Sandcastle Help File Builder.)
· If MATLAB is a platform chosen for constructing a project's software, then the project deliverables may include one or more MATLAB Compiler SDK-based artifacts. Such an artifact could be a stand-alone executable accepting input and providing output via inter-process JSON-streaming over standard I/O.
[bookmark: choosing-software-platforms-by-accessibi]Choosing Software Platforms by Accessibility and System-Independence
A software platform chosen for the construction of project software functionality should be accessible and system-independent. If this guideline is not followed, this fact must be documented and justified by project software requirements.
[bookmark: accessibility]Accessibility
A software platform is accessible in this context if the tools, practices, and required skills of the platform do not require extensive training from a software engineering perspective.
C++ is a well-known example of a software programming language requiring extensive professional training to use safely and further advanced training to use effectively. Conversely, Python is a well-known example of a software programming language requiring minimal software engineering-specific knowledge to use safely and effectively. (Between these two languages, C++ tends to be used more often to construct lower-level system software, and Python tends to be used more often to construct higher-level application software.)
[bookmark: system-independence]System-Independence
A software platform is system-independent in this context if the software artifacts constructed using the platform do not require system-specific libraries in order to load or run.
For example, if a project's software is required to perform custom image processing, then it is generally better to construct the software in a way that avoids a dependency on a system-specific image processing API and instead takes a dependency on a cross-platform image processing API package (the referencing and import of which is managed by a packaging toolchain).
Exceptions to the rule are possible. For example, if an embedded system's vendor provides an image processing API that takes advantage of unique vendor hardware capabilities, then it may be better to use that API over a generic cross-platform API. Regardless, it is essential that system-independence is sought for as much of a project's artifacts as is reasonable.
Finally, note that although most software platforms are technically system-independent, the ease with which system-independent artifacts can be reproducibly configured and constructed varies widely by platform.
[bookmark: python-as-a-recommended-standard-platfor]Python as a Recommended Standard Platform for Project Software Construction
Python is powerful... and fast; plays well with others; runs everywhere; is friendly & easy to learn; is Open.
For an executive-level summary and contextual overview of Python, refer to the Python Brochure (authored by the Python Software Foundation).
For a brief overview and examples of how Python can be used to modernize legacy Fortran & C/C++ codebases while minimizing churn in those codebases, refer to the "Bringing Legacy Code to Life with Anaconda" webinar video by Continuum Analytics. (slides; example code)
