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1 Contents and Scope of this Document

This document answers the following questions to both readers and writers of architecture documenta-
tion:
* For readers and writers (chapter 3):
0 What are the ideas behind this kind of documentation?
0o How is the documentation structured?
o How are the different sections of the documentation related to each other?
o How does structured documentation work to improve understanding of the architecture?
o How do diagrams and text work together to improve understanding?
*  For writers:
o How is the document physically organized (that is, what is the architecture of the archi-
tecture documentation?
o0 What building blocks (files, models) does it consist of (see chapter 5 for details)?
o How shall versions or releases of architecture documentation be built?

o How are the underlying UML models organized and maintained (see chapter 0)?

It provides an introduction to the software and system architecture documentation standard applied for

(a revised and customized version of the arc42! architecture documentation template).

Acceptance criteria for architecture and architecture documentation, which shall be met by future re-
leases of the architecture and the respective architecture and design documents, are described in an-

other document (ArcDoc-Criteria)

What is ,,Architecture‘

Architecture describes and prescribes the &solutionOto the requirements and, therefore, both describes

and guides its implementation. Architecture is an abstraction of sourcecode artifacts and does therefore

not describe or prescribe every implementation detail (but of the architecturaly relevant ones!).

The term software design can be used to describe implementation details: design = architecture-in-the-
small. In our terminology, design is concerned with the internal structure of the lowest-level building
blocks (see section 3.4 and section 5, especially the elaboration of building blocks as shown in Figure 2).
The design of those lower-level building blocks is usually delegated to single developers, they design and

develop the code-structure for these building blocks.

In context the term ZarchitectureOcomprises software and system architecture. It consists of all struc-

tures, components, their interfaces and relationships, which together solve the requirements of .

1 See www.arc42.de for details.
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The focus of darchitectureOis mainly on achieving non-functional requirements, like maintainability, flexibil-

ity and understandability of the whole system, plus support for all functional requirements as well.
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2 Requirements for Architecture Documentation

This section outlines the requirements and goals that shall be met by architecture documentation.

These requirements are quality goals, that means achieving them means effecting compromises:
Many quality goals negatively affect each other, so that a global optimization is rather difficult. For exam-
ple, accuracy and up-to-dateness of any documentation has negative impact on maintenance cost (as it
takes more effort to keep the document current).

The most important quality goals for architecture documentation are:
* Maintainability
* Understandability
* Accuracy
* Up-To-Dateness
* Transparency
* Stakeholder-Orientation

2.1 Efficiently Maintainable
Due to significant maintenance costs associated with large-scale documentation, architecture documen-

tation aims at keeping this effort in balance with understandability, accuracy and up-to-dateness.

Maintainability of documentation is affected by (at least) the following factors:
*  Amount of documentation (shorter docu is easier to maintain)
* Redundancy (repeating information sometimes helps readers to avoid jumping around in docu-
ments, but increases maintencance effort)
* Established standard structure: See section 2.2 on understandability.

* Tools used: Appropriate tool support can significantly reduce overhead.

The following steps shall be taken to support maintainability:
¢ Limit the amount of details (e.g. do not duplicate information that can be easily taken from sour-
cecode), especially:
0 Architecture documentation is no replacement for inline code documentation, but shall be
supported by a best-practice approach in sourcecode documentation.
o Only aarchitecturally relevantOdetails shall be included.
e Stick to the established structure, so the docationOof documentation changes are simple to de-

termin.

2.2 Easily Understandable
A contracting entity needs to keep a thorough understanding of the architectural structure of , over regular
releases

Understandability of documentation is affected by (at least) the following factors:
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* Ease of Navigation & Retrievability: These are achieved by
o relying on established, standardized and well-documented structure, so that both readers
and writers know in advance where to find or file certain information (e.g. runtime scenar-
ios are always documented in chapter 5).
o0 Keeping an up-to-date index of keywords and topics, for quick retrieval of information
(supported by a project or system glossary).
* Clarity & Style Bboth of which are subjective matters.
* Absence of surprises to readers. For example, the reader shall find every piece of information at
exactly the location where it® expected.

2.3 Accurate and Up-To-Date

Information contained within the architecture documentation has to be both accurate in the sense of @or-
rectQ so that stakeholders (developers, system- and software-architects, testers etc.) can rely on this
information.

Accurateness of documentation is affected by (at least) the following factors:

* Every fact given in the documentation is currently correct. All changes in the system shall be re-
flected in the documentation in a timely manner (when the change occurs). Every change has to
be documented not later than release-time.

« All important facts are given in the documentation. For architecture that means ZompletenessO
without &xhaustivenessO See aMaintanabilityQ section 2.1.

* Missing information is marked as such. When crucial information is missing, both reasons and

time of remedy shall be given.

Accurate with respect to Modifications, Changes and Releases
Changes in the system (in its requirements, architecture and implementation) shall be reflected in the
respective documentation. There shall be an change history, so that changes can be tracked with appro-

priate effort (this is a tradeoff between accuracy and maintainance-costs).

2.4 Transparency
A contracting organisation shall be able to really understand structure and implementation of , even in an
outsourced development model, with an appropriate audit effort2. It shall audit every release to acknowl-
edge that
* the required changes have been incorporated, both functional and nonfunctional. This can be
done by acceptance testing.
* The system structure (its architecture) has been modified appropriately: Only those parts of the

system have been modified that really needed modification due to the current requirements.

2 The metric of ZappropriatenessOhere is currently not determined. | suggest that 5-10 person-days
should be sufficient to keep up a thorough understanding of system structure and implementation chan-
ges between releases.
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* The implementation changed according to the the changed architecture. This could be done by

inspecting sourcecode artifacts or calculating sourcecode metrics.

In particular shall a contracting organisation be able to detect inappropriate or unsuitable changes in both

architecture and implementation with low (appropriate, see footnote 2) effort.

A subgoal of transparency is traceability: It shall be possible to trace requirements into the respective

solution decisions: Where and how did a specific requirement affect the architecture and implementation?

Traceability in architecture documentation is achieved by transparency and adherence to corresponding

acceptance criteria (especially those described in the architecture criteria catalogue).

2.5 You Only Know it’s “Good Enough” when your readers tell you so!

Readers of architecture documentation shall regularly be questioned for improvement suggestions and

the perceived usefulness of the documentation, in order to reflect the documentation maintenance in-

vestments.
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3 Main Concepts

3.1 Use a Structure Template for Documentation

architecture documentation relies on a standardized structure of its documentation:

* Chapters and sections of the documentation are predefined and fixed and in a specific order.

* Each section has a predefined purpose and scope of content (documented in chapter 4)

This structure has been derived from the arc42 documentation template and is widely used in organiza-

tions from various industries.

3.2 Architectural Views to Separate Concerns

Any software architecture consists of several distinct structures, which have to be documented separately

in so called @rchitecture views30 Think of blueprints in normal building construction B there is one to

show the outline of walls, doors and windows, another one to document heat- and water pipes and even

another one for electric cables.

Such a distinction shall be made in documenting and designing software systems. The following four

views are highly recommended for software architecture (see chapter for samples):

¢ Context views: Show the system in the context of its neighbour systems. You can document the

following context information:

o Static (or building block) context, showing QogicalObuilding blocks. Every neighbour sys-

tem is represented as distinct building block. All channels leading in or out of the system

are depicted.

o Deployment context, showing the topmost deployment units or artifacts for the system.

0 Runtime context, showing the most important use-cases of the system in context of its

neighbours.

* Building Block views: Show the static structure of the system in terms of building blocks. They

answer the question: Glow is the system constructed from source code® Every building block

has a corresponding representation in source code. Examples: A building block can be a java

package or a single java class, a set of (related) classes, a configuration file, a database script or

a similar artifact.

* Runtime views: Show the behaviour of the system, namely the runtime-behaviour of its building

blocks interacting with each other and the neighbour systems. They answer the question: Glow

does the system actually work, how are system functions beeing performed?ORuntime views of-

ten have a strong correspondence to use-cases.

3 This idea was originally published by Philippe Kruchten, inventor of the Rational Unified Process and

other cool thingsE
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* Deployment views: Show the artifacts used to actually run the system togetgher with the re-
quired hard- and software. They answer the question Glow and where is my system installed

and what are the infrastructure requirements?0

3.3 Top-Down Approach to Manage Complexity
In documentation of software systems one shall always begin with a top-level overview. Further details

shall be added where necessary (top-down refinement).

This approach uses two kinds of abstraction-mechanisms:
* Blackboxes: These are described by their interfaces and functions only. Inner workings or inner
structure is completely hidden b abstracted away. Blackboxes follow the information hiding prin-
ciple, they hide their inner complexity. For further info on blackboxes see section 0.
* Whiteboxes: These are @pened-upOblackboxes, revealing inner structure and inner workings.
Whiteboxes themselves consist of a number of (smaller) blackboxes.

Blackboxes can be refined by @peningOthem, turning them into whiteboxes. At a certain level of detail, an
architect will delegate the inner working of any blackbox to a developer, letting them design the imple-
mentation of this specific blackbox.

In a similar fashion, the author of architecture documentation may refine and enhance the documentation

for the function of a Blackbox by adding the relevant document for the underying Whiteboxes.

The architecture documentation shall follow this top-down approach: Beginning with a context view as
defined under 3.2 (called level 0, where the system itself is represented as a black-box) and drilling down,
until an appropriate level of detail is reached. Usually 3-5 such levels are sufficient to describe a software

architecture for most stakeholders.

3.4 Blackboxes do Describe Responsibility and Interfaces
Blackboxes are architecturally relevant building blocks of the system. They are documented with their
purpose and responsibility and their interfaces:
* Purpose and responsibility briefly describes why this blackbox is relevant for the architecture, its
main tasks or reason for its existance.
* According to the IPO-Model* (German: EVA-Prinzip), a blackbox receives a certain input via its
incoming interface, performs its processing and yields certain results via its outgoing interface.

Those interfaces have to be described in order to characterize the blackbox.

Blackboxes provide the link between architecture, design and implementation of the system: On the low-
est architectural level, the blackboxes either represent sourcecode themselves or shall be linked to a

number of sourcecode artifacts.

4 See http://en.wikipedia.org/wiki/IPO Model for details.
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4 Architecture Documentation Structure Overview

An overview and explanation of the template structure.

1 Introduction and Goals

This section shall describe the fundamental requirements that software architecture must fulfil. It summa-
rizes functional and non-functional (quality) requirements.

1.1 Business Requirements Overview

Overview of business requirements. References to details requirements documentation, only minimal

redundancy.

1.2 Stakeholder

A list of persons or organizations or organizational units influenced by or influencing the architecture.

1.3 Architecture Goals
The most important goals for the architecture. Please note these goals will most likely differ from the pro-
ject goals of any implementation or release project.

Quality requirements, like maintainability, flexibility, understandability belong to this category.

2 Architecture Constraints

Describes all factors limiting design decisions.

2.1 Technical Constraints
Hardware-, software and operational constraints (like operating systems, application servers, middleware

etc.), development constraints (like version management systems, development process constraints etc.)

2.2 Organzational Constraints

Organizational standards and conventions, legal constraints.

2.3 Conventions constraining Architecture and Development
Programming and documentation guidelines, coding- or naming conventions, guidelines for version-,

configuration- or test-management.

3 Context View
As mentioned in section 3.2, different architectural views support understanding of the system as a whole.
Chapter 3 to 6 of the architecture documentation are dedicated to these views, beginning with the top-
level perspective, the context view.
The context view secion describes the whole system as a blackbox with all its external interfaces. All re-
levant aspects of those interfaces shall be briefly described here:

¢ Kind of transmitted data

¢ Format of transmitted data
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* Transmission media
* Transmission metadata (frequency of transmission, security, compression, transformation, syn-
chron- or asynchronicity, monitoring, verification, handshake)

Alternatively, the details can be described in the corresponding building block sections.

The context view is refined in the building-block view in chapter 4 of the documentation template by re-

vealing the inner structure of the system, hierarchically refinded.

3.1 Business (logical) Context

Describes the function and context of the system from a business point of view, e.g. references to the
major use-cases.

Context can be documented using static UML diagrams, business processes or functions by sequence or

activity diagrams.

System-under-Design: Context View

\ Neighbour
— system(s)
System 7
under
Design

Figure 1 Sample of Context View

3.2 Physical Context
Describe channels and media between system, its neighbours and its environment. Use UML deployment

diagram plus textual description of elements.

4 Building Block View

The static architectural structure, describing the building blocks (subsystems, modules, components etc.)
of the system. A building block is a structural unit, which has a representation in source code artifacts.
This is the most important view, usually documented by a combination from static UML diagrams plus

textual descriptions.

This structure is the result of architectural creativity, of the software-/system architect deciding upon how

to break down the system into building blocks.

The building block description is organized by architectural levels, with the context view from the prece-
ding chapter being level 0. Blackbox and whitebox descriptions are used alternately, as depicted in Figure
2.
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System-under-Design: Context View

T~

Neighbour

Figure 2 Black- and Whitebox-Descriptions in Building Block Hierarchy

In Figure 2 Qevel 10is the whitebox of Qevel 00 On level 2 the two different blackboxes from level 1
(named A and B) are refined in two distinct whitebox views. This kind of refinement is used throughout the
building block view: Every blackbox can be refined by a whitebox at the next level of detail. This concept

yields a tree structure of building blocks.

Within the documentation, this tree is mapped to the linear section structure:
Level 1 of this view is documented in section 4.1, where every building block gets its own subsec-

tion 4.1.1 to 4.1.n.

Level 2 is documented in section 4.2 and so forth.

The further one reads within this part of the architecture documentation, the more details are revealed

about the system.
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Short title Version

4.1 Building Block View Detail Level 1
The first part of any refinement shall always be a whitebox description, detailing the corresponding black-

box of the previous level. Here, in level 1, this is the refinement of the whole system, its decomposition in

layers, subsystems or similar building blocks.

Every whitebox description consists of the following elements:

Element

Description

Overview diagram

A diagram (UML packet, class or component diagram) depicting the struc-
tural elements and their relationships and dependencies. Take this exam-
ple (excerpt from Figure 2):

_S.u.D.

S.uD. =
System under
Design A

Figure 3: Whitebox of System-under-Design

Local building blocks

Table or list with names brief descriptions of local building blocks. These
local building blocks are all blackboxes! Their inner structure is revealed in
the next level of detail.

In the example above this would be two blackboxes A and B.

Local relationships and

dependencies

Table or list with brief descriptions of the dependencies. In the example,

this would be the relationship between A and B.

Design Decisions

Reasons or design decisions leading to this structure.

(optional) Discarded de-

sign alternatives

(optional) References

and further information

This section is a placeholder for other kinds of information one needs to

understand this particular whitebox.

(optional) Open issues

Now that one knows the structure of this part of the system its necessary to describe all the blackboxes in

more detail, especially their purpose and their interfaces. That shall be done in the following subsections

of the documentation conforming to the following scheme:

* Local building block A is detailed as blackbox in section 4.1.1 (and, with more detail, as a white-

box in section 4.2.1)

* Local building block B is detailed as blackbox in section 4.1.2 (and, with more detail, as a white-

box in section 4.2.2)

411

Building Block 1 (Blackbox Description)

Every blackbox shall be described according to the following scheme:

Element

Description

Purpose & Responsibility

Describe the purpose or responsibility of this building block from the per-
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Element Description
spective of its users. Keep this description brief, one to three sentences.

Interface(s) Describe the inbound and outbound interfaces: what the building block
delivers to others (outbound, provided interfaces) and what it expects from

others (inbound, required interfaces)

Fulfilled requirements References or links to requirements that this building block either fulfills or
supports.

Variability What may change about this building block or what is configurable

Location/File A mapping of this building block to source artifacts (packages, classes,

stylesheets or any other artifact).

In case the building block is QargeQor abstract, concentrate on the Gmpor-
tantO artifacts: It is often superflous to enumerate all associated java
classes here, just mention the important ones. Every developer shall be

able to identify all other associated artifacts with minimal effort.

Further info Author, Change history, version information and other things not found
elsewhere.
Open issues Open questions, issues or risks associated with this building block.

On detailed levels of building-block descriptions, the major artifacts needed to implement the building
block shall be referenced in section location/important files. The latter section should contain the main
entry point (e.g. main class or classes, sitemap etc.) plus brief info on depencend artifacts (like buildfiles).

Additional information is optional.

Please note: Refrain from giving too many details here. Usually developers use their development envi-
ronment to determine the current and complete set of required artifacts, they do not consult written docu-
mentation for that purpose. Furthermore there are substantial maintenance costs associated with com-

pleteness, especially when in keeping a complete list of code artifacts.

41.2 Building Block 2 (Blackbox Description)

This shall be the blackbox description of the next building block from section 4.1. In the small example
this would be building block BO

The structure is exactly the same as shown in the table above, describing purpose&responsibilit, inter-

faces, requirements, variability, location&files etc.

4.2 Building Block View Detail Level 2
In the preceeding section the level 1 building blocks have been documented as blackboxes. This current
section (4.2) shows the next level of detail. In our example we need two subsections:

* Blackbox @\Ofrom level 1 is detailed as whitebox in section 4.2.1

* Blackbox @Ofrom level 1 is detailed as whitebox in section 4.2.2
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421 Whitebox view of Building Block 1, Level 2
In our example this is A\Ofrom level 1. At first we describe this building block as whitebox, revealing its

inner structure, togegher with the description elements already shown under section 4.1 of the template.

—
A2
— /7
Al — &
A3

Figure 4 Sample Whitebox Overview of Building-Block 8AQ(Level 2)

4.2.1.1 Building Block A1, Level 2, (Blackbox Description)
Blackbox description of building block Al, again conforming to the structure already mentioned above,

describing purpose&responsibilit, interfaces, requirements, variability, location&files etc.

This documentation pattern (alternating white- and blackboxes) continues up to the granularity appropri-
ate for the target audience of the documentation:
* Development stakeholders need more details, to enable efficient mapping of building blocks to
code artifacts.

* Management, operations and testing/QA stakeholders need less detail.

4.4 Generic Dependencies & Patterns
(Note: The number of this section depends on the depth of the building-block tree (see Figure 2). With 3

levels of details number of this section is 4.4, but could also be 4.5 or 4.6).

Sometimes the pure hierarchical decomposition in the different architectural levels does not suffice to
describe all necessary dependencies between architecture building blocks. In that case you might docu-
ment either generic or specific dependencies or patterns here:

* Generic dependencies or patterns occur in multiple places within the architecture.

* Specific dependencies occur only once and combine building blocks from different levels or pla-

ces into one view.

Any number of such dependencies can be documented here, each one in its own subsection.

441 Generic dependency 1
One specific example of a generic dependency or pattern is the Cocoon-way of transformation pipelines.
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5 Runtime View
This view describes how the systemsGbuilding blocks interact at runtime in different scenarios:
* How are the most important use-cases handled?
* How to (instances of) building blocks interact with their environment
* How ist the system bootstrapped and/or started?
* How are exceptions, system failures and error conditions handled?

* How are external interfaces with their protocols (import/export to external systems) handled?

Use any dynamic UML diagram (e.g. activity-, sequence-, object-diagramm).

5.1 Runtime Scenario 1

Every scenario is documented with a diagram plus (optional) additional text within its own subsection.

6 Deployment View

Describes the various execution environments for the system, especially processors (nodes, where soft-
ware building blocks are executed) and channels (over which data is transmitted).

We distinguish between production, test and development environment, which can be described in their

own subsections.

The respective stakeholders shall use this part of the documentation to properly install (and configure) the

system in their environment.

Use UML deployment diagrams to depict nodes and channels. Note: Nodes can be nested. Every de-

ployment-artifact shall be described here (e.g. every file

The structure of this view can vary:
e Every environment in a subsection

* Every node or type-of-node in a subsection

6.1 Production environment
6.1.1 Production Node 1
Describe the node with its required features. Most important here is the association with building blocks:

Building blocks will be executed on one or several nodes b this mapping shall be desribed in this view.

7 Design Decisions

Document major design decisions, at least those with either:
* long-lasting impact
* chances of surprising future developers or architects
¢ highrisk
* high impact on any quality attribute
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These decisions are documented in plain text without formal constraints.

8 Architecture Aspects

Architecture aspects are all crosscutting concerns which are not handled by a single building block within

the application architecture or which are common to a number of building blocks.
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5 Physical Organization

The architecture documentation shall be submitted in a standard format, written in MS-Word and includ-

ing supporting diagrams. There must be a nomenclature for *all* filenames used in the repository.

It currently consists of the following artifacts:
* The main doc-file -ArcDoc-<VERS>.doc, where <VERS> is an abbreviation for the current ver-
sion or date.
* At least one UML model (currently only one model names -architecture.mdzip). Additional models
shall be linked / hyperlinked from this main model.

* Exported versions of the model diagrams in graphic-formats (jpg or png).

5.1 Directory Structure and Filename Conventions
$DOCHOVE denotes the (individual) home directory of the architecture documentation.
e The main (MS-Word) file is located in $DOCHOVE
e The UML model(s) shall be located in $DOCHOVE/ d- nodel
e All diagrams and images are located in subfolders of the directory $DOCHOVE/ fi gures/ (see
section 5.2 for details on diagrams and images)
0 Subfolders below shall be named according to their corresponding chapter name within
the main architecture documentation file.
o Diagram export formats shall either be jpg or png.
o Filenames of exported diagrams should not contain blanks, underscores or similar
avhitespaceOcharacters, as MS-Word is reported to have difficulties with such charac-
ters.

o For all files associated with the environment a clear nomenclature is recommended.

5.2 Inclusion of Diagrams and Images in doc-File
To improve maintainability, diagrams and images (at least those generated from UML-models) shall be

used by the includepicture field-function of MS-Word. This has the following syntax:

{includepi cture <dir-and-fil ename> MERGEFORVAT}
where <dir-and-filename> shall be a string consisting of relative pathname plus filename, enclosed in 0
It is essential to refrain from absolute pathnames here, as those will not be usable in different client envi-
ronments.

Example:

{includepicture 4. /figures/intro/usecase.jpgO MERGEFORVAT}
This requires the appropriate directory substructure below the home directory $DOCHOVE.
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The relative path (&/intro/usecase.jpgQ ensures that the document can be built in different client environ-

ments.

There is an (optional) switch (\d) for this field function, which avoids storage of the image within the doc-

file. This option shall NOT be used in , as it would require every reader of the document to checkout all

subdirectories.

Note:This is currently no mandatory requirement. The current document version does

incorporate some figures directly, without includepictore, for historical reasons.

5.3 Organization of the UML Model

To be done.

5.4 Building Versions and Releases

With the directory organization shown above, you need to update all fields within the main MS-Word do-

cument to produce a current version of the architecture documentation.

For readers, a pdf-version shall be available.
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