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4D4Life Report D7.1B

Design of the new e-2 architecture

Status

This is 4D4Life Deliverable 7.1B, version 1.1, 31 August 2010. The latest version of this
document will be found on the 4D4Life project wiki at http://wiki.4d4life.eu/wiki

The original Description of Work called for a single deliverable D7.1. This was split into two
deliverables, D7.1A previously submitted on 30 April 2010 and the present D7.1B. This
deliverable D7.1B does not replace D7.1A, but contains new material on the e-2 architecture
design, and should be read as a continuation of D7.1A.

The contents of both deliverables will be updated as necessary and maintained as a complete
integrated design reference document containing all the parts of D7.1A and D7.1B,
maintained on the WP7 wiki and Design Team web site to reflect subsequent changes, thus in
due course superseding both D7.1A and D7.1B.
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1. Introduction

This document represents the results of our research into the requirements for the new “e-2”
architecture for the Catalogue of Life, and our proposals for the specification and design of
the new architecture.

The initial Work Package 7 Deliverable D7.1A (“Report on Requirements, Specification and
Design of new e-2 architecture”, 30 April 2010) provided detailed requirements for the
architecture. It included in its Appendix I a large number of “user stories”, which
documented tasks which the new architecture should support and on which the requirements
and design were largely based. D7.1A also provided a specification of the main features of
the new architecture, and a high-level discussion of the design. These main features and
design principles described in D7.1A are summarised below for the convenience of the
reader.

We describe the design of the system in sufficient detail that the initial phases of the e-2
architecture development will be implementable directly from the design. Our next
deliverable in WP 7 (D7.2) is a “proof of concept” of this design, consisting of several
software components operating together to demonstrate the working of the new architecture.
The development of this proof of concept will involve some experimentation, may reveal
requirements which it might not be possible to meet, and might result in concomitant changes
to some of the details of the design. Any such changes and improvements will be recorded in
future versions of this document. Because of the need to maintain an up-to-date set of
documentation about the e-2 architecture design, a complete design reference containing all
the parts of D7.1A and D7.1B will be maintained on the web.

1.1. Catalogue of Life context

Although not restricted in its application to the Catalogue of Life (CoL), the e-2 architecture
must meet the needs of the CoL, which provides a mapping of names to species (and higher-
level taxa), and the information is provided in a tree structure reflecting the traditional
hierarchical way of classifying organisms. Because of the key role of the taxonomic
hierarchy in organising this information, we frequently use the word “tree” as a concise term
to refer to a set of taxa defined by membership of a higher taxon, consisting of a checklist of
species, including synonyms and other CoL data elements, arranged in a single taxonomic
hierarchy.

A tree represents a taxonomic model. In the existing architecture, there is a single
“consensus’ tree which defines a widely-accepted taxonomic model based on expert opinion
contained in the Global Species Databases (GSDs). Each GSD is curated by experts in the
taxonomic groups represented in the GSD. The e-2 architecture will support the
representation of alternative taxonomic models, to allow users to work with other models and
to compare multiple models.

A node of the tree represents a set of scientific names (or taxon concepts), which refer to the
same taxon according to the taxonomic model represented by the tree. Each node in a tree
has a single accepted name, which is one of the scientific names (or taxon concepts) chosen
as the preferred name, again, based on the expert opinion contained in the GSDs.
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1.2. Scope of the e-2 architecture design

As described in D7.1A, the e-2 architecture will provide a new framework for the Catalogue
of Life software system. Key enhancements will be:

¢ renewing the existing architecture to minimise the load on data providers (typically GSDs)
by providing a variety of options for data provision and updating, while at the same time
improving data currency,

¢ providing better availability and scalability of services, using a distributed architecture,

¢ placing greater emphasis on the specification and use of automated rules for checking and
maintaining the consistency of the Catalogue, to reduce the workload of experts and editors
and allow them to concentrate on the difficult cases,

¢ a more flexible query mechanism providing generic querying over all the attributes stored
in the Catalogue, not just names,

¢ a more fully service-based architecture allowing components to be reused in different
configurations and allowing better integration with client systems, and

¢ the adoption of an ‘open platform’ approach to cater more easily for future needs and
interactions with third parties.

The e-2 architecture, as used by the Catalogue of Life, does not:

® insist on real-time access to source data (and not all GSDs may be online), but will allow
the Catalogue to stay up-to-date and minimise the number of out-of-date entries,

® impose a single view of taxonomic names or hierarchical positions on species, but it
provides a means of presenting and delivering information supplied by expert taxonomists,
including the development of tools to monitor quality, identify taxonomic conflicts,
support navigation within multiple hierarchies, etc.,

e provide a complete catalogue of all attributes available in the GSDs, but uses a small
number of key attributes to allow users to restrict which data sets need to be interrogated
further, or

¢ provide individual occurrence data (but it may provide regions of species distribution).

2. Design

2.1. Design principles

A Service-Oriented Architecture (SOA) has been adopted for the design (report D7.1A --
Section 3.2.1). This means that appropriate SOA protocols can be used, and replaced in
future as necessary with minimal impact on the rest of the system. Specification of the
protocol and operations supported in the “Proof of Concept” demonstration (see below) is the
subject of current activity. The SOA approach is complemented in the design by a Business
Process Modelling (BPM) approach (Report D7.1A -- Section 3.2.2) which is fundamental to
the management framework because it supports flexible co-ordination of management and
other tasks. Specifically, also, event notification will support the detection of abnormal
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situations that need remedial action (Report D7.1A -- Section 3.2.4).

For components that are externally accessible, we plan to provide service-based messaging,
based around a popular technology, such as SOAP Web services, REST Web Services, or
JSON RPC-style services.

Internally, components may use more specialised protocols, controlled by SCA (Service
Component Architecture).

2.2. Design outline

The design is based on the standard data flow or business model for the Catalogue of Life,
which consist of three main stages: (i) harvesting data from data providers (at present mostly
GSDs, Global Species Databases), (ii) assembling a single integrated Catalogue of Life, and
(iii) publishing this in various products including the Annual Checklist and Dynamic
Checklist.

The following diagram introduces some key components of the e-2 architecture design,
illustrating these three stages (many of the components defined later have been omitted for
simplicity at this point):

Harvester

Assembly Store Catalogue Store Presentation Store
(n trees) (Base Schema, 1 tree) (read optimised)

9 service
'U

user interface

A

Harvester

— Y customisation
o Assembly Y, Catalogue of Life Annual Checklist
I~ Database \\
\\ Dynamic Checklist
~_ \\\
\Y
e = other products

Fig. 1 Data flow and main components

2.3. Design process and methodology

Since we are designing an architecture, the key issue is to identify the components of the
architecture and their interactions. We have taken three complementary approaches:

1. Identify components and their inputs and outputs, based directly on our understanding of
tasks to be performed (the “Subsystems and components” section)

2. Identify sets of components relating to specific responsibilities of the architecture, and
identify the kinds of interfaces needed by each (the “Component diagrams™)

3. Identify the sequence of tasks that will be performed in specific scenarios (the “Sequence
diagrams”), in order to help us determine (a) whether there are further important
components that are needed and (b) the specific operations that will be used in the
components’ interactions (as opposed to the general interfaces that will be provided and
required).
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Rules
(“business rules”)

Use Cases » Sequence Diagrams \ ¢
function code

(“business logic”)

Component \
Model ) )
system — subsystems — components SCA mode]l—> interfaces — implementation

(including (SOAP,
persistent data Class Model REST, etc.)
components)
persistence
code (e.g.
MySQL)

Fig. 2 Design process

The use of the methodology above does not commit us directly to specific technologies.
However, it is our view — as explained in D7.1A — that a Service Component Architecture is
appropriate as the basis for implementing the design. This provides us with a distributed,
modular basis for the architecture, readily extensible and interoperable with other systems.

Furthermore, the information entered and stored during the construction of the component
diagrams provides for the automated generation of some of the skeleton program code for
implementing the components.

The sequence of steps in the modelling and design process is therefore:

1. High level UML design: Component diagram for overall system and its sub-systems,
including review

2. Mid level UML design: Individual component diagrams for each sub-system (7-10),
leading to perhaps 25-40 components overall; review

e Assign user stories as use cases to each component; identify missing use cases; create a
subset of these (the rest can be done by WP6 after handover if required).

¢ Create sequence diagrams (similarly, only a subset needed for WP7 tasks)

¢ Create interface specifications

e Validate model, review and correct inconsistencies

3. UML Model to code transition:

¢ (Class diagrams
¢ Automatic generation of framework and stubs, including validation and corrections

4. Implementation of business logic — what each component actually does that’s unique: the
framework and stubs still require implementation of the domain model, which is where the
real coding work is needed. SCA allows one to focus on developing the model, with the
framework being automated. Not all the business logic needs to be implemented by WP7.

¢ alpha testing
5. Deployment

® beta testing

2.4. The e-2 platform

This section provides a summary of the description given previously in D7.1A.
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The Catalogue of Life is currently developed using a process whereby data is retrieved from
the GSDs, through an on-line service (‘“wrapper”) or an off-line dump. The trees from
multiple GSDs are attached to a base hierarchy to create a single tree, which is published as
the Catalogue of Life. Users can search the Catalogue using scientific and common names
and matching entries from the Catalogue are returned as a list.

This architecture suits users looking for a particular single species, to check the accepted
name or correct spelling, or to link to the source GSD. However, retrieving large portions of
the taxonomic tree is inefficient using the existing interface.

Many users wish to process the search result further, either to deal with advanced queries that
return large amounts of data, or to process the tree directly using their own algorithms. In
general, users want (i) to access outputs represented using the full CoL tree, or a subset still
represented as a tree, and (ii) to modify tree nodes and links, and attach data or alternative
subtrees, i.e. to perform similar processing to the editing stage.

To this end, the new architecture exposes the data structures of the editing process and makes
the tools available for general use. The architecture changes from providing a product that
provides read-only access to data to providing a platform that can be used to process data, to
generate new data, and to share the generated data.

The e-2 architecture, while retaining the basic structure of the existing architecture, enables
the provision of a general platform where users can edit multiple taxonomic trees, for
example to create a single tree. This tree can then be searched and navigated as in the
existing architecture, but in addition, an enhanced web service allows the release of the
generated tree in a form suitable for further processing. This makes it possible to use the
output of an instance of this model as input to another instance of the model, allowing the
chaining of several processing stages, which may be performed by different users at different
sites.

In the e-2 architecture, the Catalogue of Life becomes a single instance of the model, with
experienced editors combining a number of quality input sources to create a consensus
hierarchy for general use. Users may then choose the Catalogue as a comprehensive base
hierarchy on which to build further trees, enhancing it with their own data or building an
alternative taxonomic model.

Alternatively, the e-2 platform may be used without referring to the Catalogue of Life. For
example, species databases from two different sites documenting species from related
taxonomic groups may use an instance of the model to combine their taxonomic trees into a
new checklist curated by experts from both sites. The generated output tree may become an
input to the Catalogue.

Group
Experts
A 4 A4 | 4 <
Group ColL Personal Web
Assembly Assembly Assembly Portal
Database Database Database
Consensus Catalogue Personal
Group of Life Alternative
Tree Checklist Tree

Fig. 3 Example of a system containing repeated instances of the e-2 model
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In order to implement the e-2 platform, we are using leading-edge, standardised technologies
and best practices, including the following:

2.4.1. Service oriented architecture

As shown above, the e-2 Architecture plans to support components that can be reused in
many scenarios. To support this, the e-2 architecture is based on a Service Oriented
Architecture (SOA).

SOA supports the development of coarse-grained components defined by their external
behaviour, with replaceable implementations, which provide a well-defined interface that
allows external clients to interact with them over a network.

A service component architecture (SCA) provides flexible composition of components into
higher-level components that reflect the tasks to be performed in the problem domain. It also
provides a great deal of flexibility to update the actual mechanism for publishing a
component as a service.

Service Data Objects (SDO) provides an open flexible data transfer mechanism supporting
disconnected operation and change sets. SDO ensures that the service parameters do not
expose the underlying implementation of a service, supports a disconnected programming
model, allowing it to be useful even when the services providing data are not always online,
and supports the representation of change-sets, allowing smaller messages to be sent when
only parts of a large data structure have changed.

2.4.2. Business process modelling

Often, the same tasks will be performed in the same sequence over different data sets.
Documenting these “business processes” reduces errors in running repetitive tasks and
promotes adaptability of processes to new situations.

Business Process Management (BPM) provides an environment for specifying and executing
these sequences of tasks. BPM tools generally provide graphical user interfaces allowing
non-programmers to connect services together to represent a sequence of tasks. The tools
encourage the replacement of repetitive error-prone manual tasks with automated processes,
but supports situations where a human must make an expert decision or deal with an
exceptional case.

2.4.3. Rule management and execution

Much of the correctness of taxonomic trees can be encapsulated in constraints that can be
expressed quite simply. Checking the large amounts of data in the Catalogue of Life to
ensure satisfaction of all these rules for all entities, in the face of continuing updates, can be
facilitated by a rule engine in order to identify broken rules that need further attention. When
problems outside the existing rule-set are found, additional rules can be created to ensure that
these problems are not repeated.

Furthermore, making edits to combine trees and make other changes can be manually
intensive. When changes in source trees are received from data providers, it is not desirable
for the editor user to have to repeat previously applied checks and corrections or to delay
updates because of the effort of re-applying these edits.

A solution is to encode the edits as rules, which can be re-applied automatically. Editors can
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be notified of individual data element updates only if a rule fails.

2.4.4. Event notification and message queues

In the Test Implementation phase, we will experiment with improved techniques for the
retrieval of data from large remote databases, using a more scalable and loosely-coupled
model which supports low-bandwidth fast notification of changes and reliable messaging.
This will support additional capabilities such as informing users when changes occur to parts
of the taxonomic tree in which they have an interest.

2.4.5. Customisation and sharing

The existing architecture provides only for anonymous access with support for limited
customisations of results restricted to a single query. The e-2 architecture is designed with
support for more complex customisations , such as annotations and alternative trees, and for
personal user accounts as a repository for persistence of these customisations.

In some cases it may be useful to share these customisations with others. Examples may
include annotations which record errors in the data or alternative trees which represent a
widely used taxonomic model. Making customisations public requires a mechanism to
identify these additions as originating from an alternative source, particularly where
unmoderated annotations may be mixed with authoritative data supplied by a GSD.

3. Technical specifications

The original word “specification” used in the 4D4Life Description of Work referred to the
process of establishing what the broad scope of the new architecture should be. That
“specification” consists of fixed objectives and design principles and processes (service-
oriented, open to the community, able to replace the existing Annual and Dynamic Checklist
assembly and publication processes, able to support multiple regional hubs, etc., see D7.1A
section 3), whereas the Technical Specifications in this document (below) describe the details
which a person developing a system component would need to know, including definitions,
diagrams, and documents, and which may change in the light of experience with the
prototypes.

1. Class diagrams define the interfaces of the various components, i.e. the operations which
they support.

2. Some of the components are primarily state machines. Definitions of system states and
the events which can be viewed as causing changes of state will be documented. State
diagrams will capture an alternative view of some of the processes described.

3. A set of “business rules” will be defined, and will evolve as the project proceeds, which
will analyse and act on the states and other data to call services and execute tasks, for
example to enforce appropriate procedures for catalogue updates, manage notification of
events, etc.

The Specifications will be developed continuously during the next phase of the project, and
will eventually contain an inventory of components and definitions of the data schemas and
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service interface definitions, including explanations of the semantics of the data fields,
service methods, parameters and events.

3.1. System overview

Figure 4 shows an overview of the subsystems planned for the e-2 architecture.

User Editor Portal Administration Data Provider
MNotification Monitoring Control Cross-mapping
User Events Rules Frocesses
Management (Workflow)
 Sources | .

(GSD) —»| Harvesting | Assembly Release —»| Customisation»| end-user

Fig. 4 Overview of subsystems

Starting from the bottom of the diagram, the main dataflow of the system shows data going
through several subsystems between the source database and the end-user.

These subsystems are:

1. Harvesting, which retrieves data from the sources (GSDs);

2. Assembly, which assembles multiple hierarchies into a single hierarchy;

3. Release, which stores released versions of the single hierarchy, including archives of
historic versions; and

4. Customisation, which adds user-provided additional information to the data.

The second layer contains the overarching internal support subsystems, including user
management (authentication, access control, and group and role management), and systems to

scale and automate processing, using events, rules and processes (workflows).

The third layer contains external-facing subsystems, with which users, data providers and
system administrators interact directly.

The top layer shows a portal for interaction with stakeholders, including users, data providers,
editors, and system administrators.

The use of a Service Oriented Architecture to connect these subsystems (and the components
within these subsystems) allows the extension of the core subsystems through the insertion of
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additional subsystems with minimal changes to service interfaces, and hence to the
components being used to build the system.

For example, an initial design where an assembly user interface connects to the Assembly
Subsystem using interface A to to attach a node in one hierarchy to a node in another can be
replaced by a design where the assembly user interface connects to the Rule Subsystem using
interface A to create a rule to attach a node, and the Rule Subsystem connects to the
Assembly Layer using interface A to attach the node. This insertion of an additional
component allows automated repetition of the attachment process, for example when a GSD
is re-harvested.

User User

........i ........ Interface A
IﬂtErfaCE A ................... $ RU'E

l ........ Interface A
Y

Assembly Assembly

Fig. 5 Insertion of Rule subsystem

As another example, the Release Subsystem sending a subtree to an end-user interface using
interface B, can be modified by the insertion of the Customisation Subsystem to add
annotations to the data in the subtree. The Release Subsystem continues to send the subtree
using Interface B and the end-user interface continues to receive the subtree using Interface
B.

Interface B

y o User

Interface B : Interface B

Release |—| Customisation

Release

User

Fig. 6 Insertion of Customisation subsystem

This repeated use of the same interface allows the flexibility to compose the systems using
user-driven workflows.
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3.2. Harvesting subsystem

<<COmponents @ <<Components: @
Source Store Assembly Manager
4) [ N
<<COMpOnents:x @ <<COMpOnents:x @
S‘]”;Fﬁead Quality Assurance Engine Hierarchical Data Editor
<<Ccomponents> @ ICHRN P
<<Components: <<Components: @
Harvest Manager
: Tree Merge Tool Tree Difference Tool
i Navi‘?ate
<<COmponent== @ <<Component== @l
Harvest Module Tran sfer Assembly Store
<<Ccomponents> @ <<COmpone nb-:- <<components @
Wrapper Harvester File Harvester Event Harvester

e-2 Harvesting and Assembly Subsystems

This diagram shows the components in the Harvesting (blue) and Assembly (orange)
subsystems. The Transfer service interface is documented in section 4.2.

3.2.1. Component Source Store

The Source store provides information about the GSDs and other sources.
Information includes:

a unique name for the source (e.g. ILDIS, AlgaeBase)

the method for access to data (legacy wrapper, file upload, event watcher)
endpoint (e.g. a URL or network connection)

administrative and technical contacts

Services provided: SourceManage, SourceRead, SourceWrite
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3.2.2. Component Harvest Manager

The Harvest Manager controls the execution of multiple Harvester Modules, which each
retrieve data from a single source, hiding the specific protocol being used by a data provider
from the rest of the system (‘“Harvesting” refers to any method to ensure that the Assembly
Database contains the latest version of a data provider's data set).

Depends on Harvest Module

Services required: SourceRead

3.2.3. Component Harvest Module

A Harvest Module obtains updated taxonomic information from source databases (GSDs).
Harvester Modules use a variety of legacy and novel protocols to retrieve the data. The exact
process involved depends on the type of Harvest Module supported by the GSD. There are 3
types of Harvest Module: Event Harvester; File Harvester; and Wrapper Harvester.

Services required: Transfer

3.2.3.1. Component Event Harvester
The Event Harvester is a new component that monitors a GSD for event notification

messages indicating that the database has changed. The module will clone an existing tree in
the Assembly Store and update it to create a new tree.

3.2.3.2. Component File Harvester

The File Harvester allows submission of a formatted file (e.g. spreadsheet) from the source.
The module will transfer the new tree to the Assembly Store.

3.2.3.3. Component Wrapper Harvester

The Wrapper Harvester runs periodically and uses the legacy CoL Web Service to retrieve
information from the source. The module will transfer the new tree to the Assembly Store.

3.2.4. UML sequence diagram: File Upload Harvesting
This one does not use the Harvest Manager and Module, since the use case is that an editor

receives a file, and runs a tool to import it into the Assembly Database. The Converter is
similar to a Harvest Module but is started explicitly by the editor.
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Editor

Converter

Editor receives database dump as Excel spreadshest,
or similar, retrieves appropriate Converter and runs

<<sourcelame, filename>>

Report D7.1B

Assembly Store

Source Store

see Transfer Senice sequence diagram:
Converter initialises itself as TransferSource,
Assembly Store as TransferTarget to transfer
tree from spreadshest to Assembly Staore,
and set additional details from sourceDetails

7 <<new treeld from Assembly Stores>

Editor

I
|
________________________ 1

Converter

&
L

Assembly Store

Source Store

3.2.5. UML sequence diagram: Legacy Wrapper Harvesting

Source Staore

!1 getSourceDetailsByType(WREAFFPER) |

Harvest Manager

Source Store

Work Package 7

Harvest

Legacy Wrapper ]
Module Assembly Stare

Wrapper Harvest Module

For a legacy wrapper resource that has not been updated
within a source-specific time, Harvest Manager starts a

ﬁ__‘:_‘:_egc_igning credential=>

perform legacy wrapper read of dataj

InitialiseTarget{endpoint, credential)

K ___________

treeld

|
|

see Transfer Sewvice sequence diagram:
Harvest Manager initialises Module as TransferSource,
Assemhbly Store as TransferTarget to transfer tree from
Module to Assembly Store, and set additional details
from sourceDetails

Harvest Manager

Page 14 of 34

Harvest

Legacy Wrapper ]
Module Assembly Store

31 August 2010



4D4Life Report D7.1B

3.2.6. UML sequence diagram: Direct Transfer Harvesting

Direct transfer harvesting is a proposal for a new wrapper-style approach. Since we are
creating a well-defined data transfer schema and a Transfer Service interface for bulk transfer
of a taxonomic hierarchy, we can use that schema for the GSD — CoL transfer.

Source Store Harvest Manager sD Assembly Store

L getSourceDetailsByType(DIRECT) :
[ i

For a direct transfer resource that has not been updated
within a source-specific time, Harvest Manager staris a
Transfer sequence

|
initialiseSource(sourceContext) hl
Ll

A Efldjl_ﬂ_iflLELE_dEDT_ia'_i

UnitialiseTarget(endpoint, credential) b
| | I
' ! treeld |
it L Mi——— .

see Transfer Sernvice sequence diagram:

Harvest Manager initialises GSD as TransferSource,
Assembly Store as TransferTarget to transfer tree from
GSD to Assembly Store, and set additional details
from sourceDetails

Source Store Harvest Manager sD Assembly Store

3.3. Assembly subsystem

3.3.1. Component Assembly Store
The Assembly Store provides a data store for multiple checklists and taxonomic hierarchies
to be edited and attached to create a single consensus hierarchy or “tree”. The Assembly

Store schema is optimised for the editing process.

Services provided: Navigate, Transfer

3.3.2. Component Assembly Manager
The Assembly Manager provides overall control of the assembly process from the submission
of a tree into the Assembly Store through to the publishing of a tree to the Catalogue Store.
This process can be managed manually, or could map to a workflow process:

* QAW on input tree

e connection of tree to base hierarchy

Work Package 7 Page 15 of 34 31 August 2010



4D4Life Report D7.1B

®* QAW on base hierarchy
¢ publish to Catalogue Store

Depends on Quality Assurance Engine, Hierarchical Data Editor, Tree Merge Tool, Tree
Difference Tool

Services required: SourceManage

3.3.3. Component Hierarchical Data Editor

The Hierarchical Data Editor provides an environment for linking trees together and editing
individual nodes.

Services required: Navigate

3.3.4. Component Quality Assurance Engine

The Quality Assurance Engine validates the structure of a taxonomic hierarchy to ensure it
complies with various rules, including the appropriate International Codes of Nomeclature.

Services required: Navigate

3.3.5. Component Tree Difference Tool
Tests two trees for similarity and reports differences

Services required: Navigate

3.3.6. Component Tree Merge Tool
Merges two trees, possibly after cross-mapping or difference detection

Services required: Navigate
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3.3.7. UML sequence diagram: Update Dynamic Checklist

NDtlﬂcahD.n Editor Release Manager Assembly Store Catalogue Store
Manager
I |
new ! !
DynamicChecklist : !
required a ! I
4 |
|

InitialiseSource(treeld) 4

|
|
|
|
|
|
|
|
|
1
1
1
1
1
1
1
]
Fi

Create tree with private visibilityj

|

|

|

|

:

| g |
__________________ IL_______________LIEELd_:

optimised for bulk transfer (e.g. FTP)

Connection between source and targetT

i
ly <<connect to endpoint>>
[

to transfer schema

Convert fram assembly schemaj

<<send tree=>

-~ L__]

i
|
L
|
|
|
|
|
| to base schema
|

|

]

Corvert from transfer schemaT

i

i <<gvent: transfer complete [ error=> |

| I

setReleaseftreeld, edition, date) o

T Fl

setVisibility(treeld, PUBLIC) J

i Fi

| I

Release Manager organises transfer sequence | | |

from Catalogue Store to Presentation Store I |

| I

| | I

1y Event: New release of DC availahle i i

i‘ i 1 | 1
w Editor Release Manager Assembly Store Catalogue Store

Manager

veswebsequencediagrams.com
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3.4. Release subsystem

z<Components: il
Release Manager

i

Tramsfer Tramsfer Tramsfer
<<components: il z<Components: il <<Components: il
Assembly Store Catalogue Store Presentation Store

e-2 Release Subsystem

The Release subsystem provides access to a single consensus tree. The Release Manager
transfers the consensus tree from the Assembly Store to the Catalogue Store, providing it
with an edition number to allow users to distinguish it as a particular version of the tree. The
Catalogue Store is primarily used for batch retrieval of the tree or sub-trees, for example to
take a snapshot of the tree at a particular time. For typical user queries, the data from the
Catalogue Store is converted to a form optimised for search and retrieval of smaller results.
This optimised form is stored in the Presentation Store. Various user-level tools can query the
Presentation Store to provide information to users.

3.4.1. Component Catalogue Store
The Catalogue Store provides a data store for the reference version of a released edition of a
taxonomic hierarchy, but is typically not used for user queries. The Catalogue Store schema

is optimised for long-term archiving, and generation of user services and other products.

Services provided: Transfer

3.4.2. Component Presentation Store

The Presentation Store provides a data store for a taxonomic hierarchy, optimised for search
and other read operations.

Services provided: Navigate, Query, Transfer

Services required: Query

3.4.3. Component Release Manager
The Release Manager component transfers a taxonomic hierarchy from the Assembly Store to

a Catalogue store. This step is intended to indicate the publication of a new edition of the
hierarchy. Apart from the hierarchy data, the Product Manager adds version metadata to
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uniquely identify the new hierarchy (e.g. a date and an “edition”). The hierarchy then
continues to be propagated to additional stores, in particular, the presentation store, which
holds the hierarchy in a schema optimised for read operations.

Services required: Transfer

3.4.4. UML sequence diagram: Update a product

_ ) _ Snapshot Data Subset Assembly . i
< Publisher | Tool I FEetriever Datahase - Converter
e | | | |
I product "J_ i i i
get I I I
product : : :
| data set ' ! !
| |
Fetch product | !
data set ! !
| |
procuct : : :
data set i i i
’ availahle u i i i
convert pru:uduln::t data set ! ! ’:
| | | |
install : : : :
product : : : :
data set : : : :
| | | |
T I I I I
_ L Snapshot Data Subset Assembly _ _
~ Publisher | Tool I Retrigver Database - Converter
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3.4.5. UML sequence diagram: Update all products

Work Package 7

Event Manager

. Publisher

Product Manager I

AssemblyDatabase

updated >

|

|

|

|
i

loop I|

[for every product

Does product x
need updating?

d

d

alt

updating]

[¢product x needs

not already

Product Manager selects
a suitable Publisher
(possibly consulting a
Product Store analogous
to the Source Storg)

and activates it if

I,

running

product x
updated

initialise or
<<icreate==

update product x

i getTree product x

[product x does n
updating]

ol need

(do nothing DFﬂ

product x
is Up to date

all products
updated

I S I L_I_______________________________________________ i

|
|
|
|
|
|
ke
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
!
|
|
|
|
|

Event Manager

. Publisher

Product Manager I

Page 20 of 34

Report D7.1B

31 August 2010



4D4Life Report D7.1B

3.4.6. UML sequence diagram: Create Annual Checklist

Motification Manager E_x@ Editor Release Manager
editor panel —
new i
AnnualChecklist !
! reguired L

1

|
|
|
|
|
|
i
| | Release Manager organises transfer sequence from
|
|
|
|
|
|
|
|

Assembly Store to Catalogue Store to Presentation
Store, modifying access control to only allow viewing
by editor panel.

Release Candidate of AC available for testing

editor fixes and new Release Candidates are released

Experts use Annotation Service to post errors or cnmments,ﬁs‘

Release Candidate of AC
has passed

R T T T T T T T Tt T TR T T T T T T T T T T T T T T T T

L Release Candidate of AC has passed Y

new

AnnualChecklist

required Y
Lill|

Release Manager organises transfer sequence from

Assembly Store to Catalogue Store to Presentation

Store, allowing public viewing

Event: Mew release of AC availahble

7

| |
Motification Manager E_x.;ﬂ Editor Release Manager
editor panel —
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3.5. Customisation subsystem

<<components> @ <<componentss {I
O O—
GroupAdministration| @roup and Role Mapper || |jseradministration|  USer Management

C}FientiaICheck L{\Jé\

<<Components: @ O] <<COmponents= @

<<COMponents= gl O

MNavigate MNavigate
Presentation Store Customisation Ma r User Interface
“"—‘——.C—))-—"') : : P'PE "——..___@_,_,—)
Query ‘-

Query /

Customisation
L s

<<components> gl
Customisation Cache

<<components= il
Customisation Store

e-2 User Management and Customisation Subsystems
The Customisation Mapper is transparently inserted between the User Interface and the
Presentation Store to annotate the results with additional customisations. Customisations are

stored permanently in the Customisation Store. For efficiency, data combined with
customisations may be stored temporarily in a Customisation Cache.

3.5.1. Component Customisation Mapper

The Customisation Mapper modifies query results to include annotations, or other
customisations, that are marked as visible to the user.

Depends on Customisation Store, Customisation Cache
Services provided: Navigate, Query

Services required: CredentialCheck, Navigate, Query

3.5.2. Component Customisation Store
The Customisation Store provides storage of user customisations, including annotations
Services provided: Customisation, Query

Services required: CredentialCheck, Query
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3.5.3. Component Customisation Cache

The Customisation Cache provides a mechanism for caching data modified by user
customisations, to reduce the load on the Customisation Store. This is an implementation
detail, but we expect it will be required since mapping of customisations may slow down
presentation of data significantly.

Services provided: Query

Services required: Query

3.5.4. UML sequence diagram: Annotation and feedback

Annotation

- ———— - - H -
End user Interface Event Manage: Data provider

provideAnnotation T:_‘

|
[
| user has annotated GSD x’[}l

|
I user has annotated GSD x .
|
i
Etemln_a_ﬂ_ngt_a_t lon_________
|
|
|
|
|
|
|

getAnnotation

|

i

oo >

: do something

: with annotation :|

| .
End user Annotation Event Manager Data provider
I Interface

3.6. User Management subsystem

The User Management components provide tools for managing users and groups, allowing
control of attribution and visibility of data and customisations.

3.6.1. Component User Management
The User Management component provides user account and login services.

Services provided: CredentialCheck, Login, UserAdministration

3.6.2. Component Group and Role Mapper

The Group and Role Mapper provides control and checking of access control permissions.
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Services provided: CredentialCheck, GroupAdministration

3.7. User Components

Report D7.1B

<<COMmponentss @ <<Components= @ <<COMmponentss @ <<Components= @
User Interface Content Management System Snapshot tool Data Subset Retriever
3 . 8
Navigate Query Query Transfer Query

User components

3.7.1. Component User Interface

The User Interface provides a web-based interface to navigate and query the data.

Services required: Customisation, Login, Navigate, Query

3.7.2. Component Content Management System

The Content Management System provides static and dynamic content, which some fo the
dynamic content being retrieved from the Catalogue of Life stores.

Services required: Query

3.7.3. Component Snapshot tool

The Snapshot tool allows a user to obtain a complete copy of the Catalogue of Life database

for local use.

Services required: Transfer

3.7.4. Component Data Subset Retriever

The Data Subset Retriever allows a user to retrieve a subset of data based on arbitrary queries
which the user can then format appropriately, e.g. to create a checklist of endangered plants

for a particular region.

Services required: Query
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3.8. Cross-mapping subsystem
(To be developed in collaboration with WP4)

3.9. Control subsystem

3.9.1. UML sequence diagram: Control and Management

A variety of workflows involve the activity of (human) managers, here designated as simply
“Manager”.

3.9.1.1. Status tracking

The human manager needs to be aware of the current status of the system, hence the first
necessary task is to keep track of the system's status.

Ewvent Manager I Status Manager

! sendStatusEvent(...) ’i

Event Manager I Status Manager

3.9.1.2. Manager initiates action

The human manager may wish to initiate some activities manually, for example:

—g—mir;:a:" | some Target Module | Event Manager

| activateModule(...) :

|
|
: moduledctivated(.. )
|
|

> ____w_____

i maoduleCompleted(.. )

Manager | some Target Module | Event Manager
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3.9.1.3. Request status report
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The human manager may wish to initiate some activities manually, for example:

Manager i
( ) =laius Manager
hurman Status Manager

!requestStatusf...] :

|

| .

K_______'EEFJ_U_”_S_E_I
Manager i
( ) =tatus Wianager
human Status Manager

3.9.1.4. Edit rules

The human manager may wish to edit the rules which control the automated parts of the

system.

Manager
(hurman)

startRuleEditar() ’:

Rule Business
Editor Rules Engine

Event Manager

i

editRule( ..}

4

updateRulebase(...)

rule updated

Manager
(human)

|
closeRuleEditor() pL |
|

- - - _

Eule Business
Editor Fules Engine

Event Manager

4. Data schemas

WP6 is defining a data storage schema, called the Base Schema, as a standard schema for

storing data.

In WP7, our main concern is with providing a uniform data transfer schema compatible with
the base schema, but appropriate for service-oriented operations. In particular, in a service-
oriented architecture, it is usual to provide coarse-grained operations, often working on
aggregate data. This is different to the approach typical of object-oriented architecture, where
a single data object is manipulated by each operation.

The data transfer schema reuses some basic data types throughout the system, in order to
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improve reuse and reduce translation of datatypes.

The basic “domain type” is a Taxon, which represents an entry in the catalogue. This
datatype contains all the information that is represented by a single entry in the catalogue.
However, it does not contain information about the relationship of one entry to another.

Note that the type represented here contains a subset of the information contained in the Base
Schema, enough to test our system. We expect this structure eventually to be expanded to
contain all the information in the final Base Schema. This structure can be made arbitrarily
complex without affecting the other structures within the data transfer schema, particularly
the Tree and Node structure defined below.

Taxon =] Taxonid

[e] id Taxonld

[e] rank string = Identifier|

[e] identifier [0..*] Identifier _

[&] scientific [1.#] ScientificName ScientificName

[e] status  string
[el name  NameField
[e] guthor  AuthorField

[e] commonName [0..*] CommonName
[e] source Sourceld

CommonName

[e]l name string
[e] language string

[e] region [0..1] string

=l Sourceld

A container type called Node provides the structure for representing the relationships
between Taxon elements. A node can contain multiple Taxon objects, differentiated by a tag.
This may occur when a single concept has different names. For example the family-rank
taxon for legumes is commonly known as both Fabaceae and Leguminosae. A single Node
containing two Taxon references can represent this.

As well as the taxon represented by this node, the node may also contain information about

MNode =] Nodeld

(5] id Nodeld

[e] contents [1..*] NodeContents NodeContents
[g] tag string
(e] label string
[e] taxonid

[e] parent [0..1] Nodeld
(e] children [0..1] NodeldList
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the parent and children of the taxon. If present, these elements contain references to the
parent and child nodes, which can be retrieved through futher operations.

A Tree object contains an identifying name for a taxonomic hierarchy, and a list of root nodes

in the tree.
Tree
(2] id Treeld
(€] name string
(2] rootNode  NodeldList

Work Package 7
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4.1. Service interfaces

4.1.1. UML sequence diagram: Transfer

Transfer Initiator I Transfer Source I Transfer Target

InitialiseSource(treeld) }i
|

|
InitialiseTarget{endpoint, credential) b
|

Create tree with private visihilitﬂ

I ———
—_
=
I
T
=

optimised for bulk transfer (e.g. FTF)

|
i‘ <<connect to endpoint=>

Convert from local schema to transfer schemaj

<=gend tree=>

Convert fram transfer schema to local schemaj

<<gyvent: transfer complete [/ errorz=

|
1
|
I
<<configure tree== !
I {change name, access control ete)
I
|

|
|
i
|
<
I
|
|
|
|
|
:
[
<
|
: Connection between source and target?
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
:
|
¢
i
|
|
|
|
i
|
|

.

Transfer Initiator I Transfer Source I Transfer Target
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4.1.2. Tree Navigation Service
User Stories: 110, 122 (where intermediate non-primary ranks may be selected using a tag)

Navigation Service

User User Interface

getTrees()

<<display list of trees>>

<<select treg=>

A—— {Mode}, {ModeErrar}___________
select first tag for displaﬂ
<<display root nodes>>
alt [havigate]
loo
<<expand node>>
alt J [optional children element pregent]
getModes(node. contents[tag].children: {Nodeldl)
S {Mode}, {ModeErrory
(""" loptional children element not presend |
getChildModes(nodeld: Modeld, tag)
R — {Mode} | ModeError ___________
<<display child nodes=>

<<select alternative tag>>

<<display alternative node label>>

<<view node>>=

<<display taxon information>>

Navigation Service

User User Interface
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4.1.3. Tree Query Service
Use cases: 100, 101, 111, 120, 130, 131, 132, 140, 143, 145

User

User Interface

Report D7.1B

Query Service

alt

<<query on treg==

<<guery on node=>

queryTree(treeld: Treeld, query: String)

<zdisplay results=>

<_resu|thdes: {Mode}, resuliTaxa: {Taxon}, intermediate: {Mode] |

Results can be displayed as table ortree
Atable will generally show resultTaxa
A tree will generally show intermediate and resultModes

User

User Interface
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4.1.4. Notification
Use cases: 190, 191

User User Interface Notification Service Event Service EMail Service
| |
User identifies tree, node or GSD Ufinteresﬂ

<<filter, contact,
frequency>>

subscribe
(MotificationCriteria,
NaotificationTarget)

subscribe(EventSubscription)

<____exe_n_tsghac_rLb_BBﬁ_sgll____

<<display result>>

Mode is updatedj

fire(Event)

Store and collate events for user-specified perindb]

alt [¢mail contact]
Faormat email messagebl
send(MNotificationDetails. address, message)
Similar for RES, Atom, SMS, XMPP, AMQPj
|
User User Interface Notification Service Event Service EMail Service
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5. Appendix |: Phases of development

The priorities for the components are based on the following proposed scenarios for the four
phases of development of our prototypes for the new architecture. (We refer to “phases” of
system development, to be distinguished from the harvesting, assembly, release and
customisation “stages” of the data work-flow.)

The following four phases are anticipated:

Proof of Concept (demonstrating the feasibility of the proposed architecture)

Test Implementation (demonstrating the architecture in use in realistic scenarios)

Enhanced Prototype (including prototypes of all essential components needed for a
“working” system)

Non-Core (post handover) activities (extensions to support additional behaviour which,
though important, is not absolutely essential to the basic operation of the system)

5.1. Proof of concept (PC)

This will demonstrate the three key stages of Harvesting, Assembly and Publishing.
However, it will not be a fully “joined up” system - some steps will need to be manually
activated, which in later phases would be automated.

e The data sources to be harvested would include both GSDs already wrapped and data
files already exported from GSDs' off-line databases (perhaps one legacy Spice wrapper
(ILDIS, also Hierarchy), one offline data file obtained from Luvie and Yuri, and one
source with update events).

e The HDE (Hierarchical Data Editor) will demonstrate the feasibility of assembling the
Catalogue from these pre-existing data sources.

e A product will be published (on a server) automatically as the Assembly Database is
updated. This product could be the Catalogue of Life, with the advantage that the WP6
GUI newly modified for the Base Schema could then be used. (Alternatively it might not
be a full copy of the CoL; it could be some summary or status report, perhaps including
the number of species in the major taxa.)

The status of at least one of the data sources and of the Assembly Database would be
monitored and cause event messages to be issued.

The demonstration and operation of the Proof of Concept will allow us to
¢ determine whether we agree that the tools are adequate and appropriate, and

e flesh out the components with an eye to these tools, especially relating to the use of
workflow and rules.

In particular, we will be able to

¢ demonstrate the applicability of Apache Tuscany, JBoss Drools and current HDE
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(Hierarchical Data Editor) development, and

e research and test preliminary plans for the event-handling and rule-based business logic
and work flow subsystems.

5.2. Test implementation (TI)
This phase will
¢ add proper support for real data sources (at least three were promised)

e support production and publishing of the Annual and Dynamic Checklists, thus
replicating the current system’s functionality

® be a more robust fully “joined up” system

For example, adding a species to one of the data sources would result in the issuing of an
event message. This would trigger harvesting, updating of the Assembly Database, and
warning the expert editor that a change had occurred. When the expert acknowledges the
change, the products are updated. When the product server fails (or is “accidentally”
switched off for test purposes), another event message is generated. The events triggered by
the Assembly Database update and the loss of the server result in SMS messages being sent
to the demonstrator’s mobile phone.

5.3. Enhanced prototype (EP)
This phase will

¢ add support for multiple hubs, including metadata to keep track of them and their data
sets, their replication and mirroring, and user interface enhancements such as the choice
of regional hub to view and the use of cross-maps to navigate between alternative trees —
tools to support these activities may be implemented by work package 4, 6, or 7, or in
the i4Life project (month 12, = month 30 of 4D4Life)

e introduce a basic rule editor

¢ add more data providers for testing from the GSD pilot projects

5.4. Later “non-core” additions (NC)

Certain features such as user authentication, annotation and feedback, while desirable, are not
critical to the operation of a system with the desired core functionality. Their implementation
will therefore be completed after the core functionality has been delivered in the Enhanced
Prototype.
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